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FOREWORD

ESFRI CHAIR
Jan HRUSAK

The difficult situation framed by the outbreak of the COVID-19 pandemic
and the resulting severe restrictions didn't hinder ESFRI to work along its
mission continuing to provide advice on Research Infrastructures related
policies, to react on requests coming from the Council of ministers, and
to develop future oriented views based on ESFRI's own initiative. We
have been following the request of the 2018 Competitiveness Council
and prepared this Strategy Report on Research Infrastructures together
with the list of newly identified pan-European Research Infrastructures
Projects in six scientific domains. The report also includes an updated list
of ESFRI Landmarks.

The research community was invited to propose new Research
Infrastructures with the potential to be included in the ESFRI Roadmap.
The deadline to submit proposals was postponed due to the COVID-19
outbreak, but the entire evaluation and monitoring process was adjusted
such that the original date of the Roadmap release in December 2021
could be maintained. Joint effort of the external evaluators, the Strategy
Working Groups and Implementation Group members, and particularly
the Chairs, also due to the commitment of the ESFRI Executive Board and
all the national delegation, resulted in an updated Roadmap comprising
four new Landmarks and eleven new Projects that have been added to
the existing list.

The Roadmap also includes a comprehensive analysis of the current
infrastructure landscape that brings together a science-based
perspective on the European RI system. The Strategy Report reviews the
progress made by ESFRI on strategic policy guidance and reflects on
issues of general interest to the national governments, to the Research
Infrastructures themselves and to the EU as a whole. With a vision
to maximize the impact of pan-European investments in Research
Infrastructures in terms of excellent science, European and international
collaboration in Research & Innovation, contributions to European
competitiveness and regional cohesion, and in view of the crucial role
Research Infrastructures play in the European Research Area, ESFRI
has been developing strategic thoughts based on which an integrated
and interconnected RI ecosystem shall be established, that can best
help achieving Europe's wider policy goals. These ESFRI discussions led
to the preparation and release of a strategy paper, which was ESFRI's
contribution to the discussion on a renewed ERA.

The document titled Making Science Happen summarises the result
of two years of continuous discussions, engaging EU Member States
and Associated Countries, the European Commission and the scientific
community. In the document ESFRI articulates its vision of a future
oriented interconnected and interoperable Research Infrastructure
ecosystem, which, by providing high level services to European
researcher communities, maintains an absolute edge of curiosity-
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driven, responsible and socially relevant research, thereby increasing
the attractiveness and impact of ERA and strengthening the partnership
between the MS and AC. It recognizes European Research Infrastructures
as important knowledge and innovation hubs, and is boosting their role as
drivers of economic growth, decisive elements for regional development,
sources of social well-being, pushing for environmental transitions and
for place-based innovation. At the same time, Research Infrastructures
contribute to education by providing specialised training to students,
researchers in academia and industry on cutting-edge scientific methods
and technologies. RIs are also the forerunner of data exploitation, science
digitalization, data engineering and data management, and thus, having
an indispensable role for the development of the European Open
Science Cloud. In addition, RIs have an important and growing role in
policy-making, as they can contribute to cross-sectoral strategies and
to increasing the coherence between European, national and regional
priorities and policies. Furthermore, Research Infrastructures have to be
viewed as strategic investments into economic growth and sustainable
development, underlining the need for effective synergies of regional,
national, and European policies and funding instruments. The new ERA
concept as an interconnected environment of which RIs are an important
element is not restricted only to research, it extends also to other areas
like education, innovation, health and public welfare, and others. While
interconnecting research with other policy domains and by contributing
to broader EU agendas, RIs are kernels of sustainable economic
development, territorial cohesion in Europe, and an important element of
international cooperation.

I am convinced that, building on almost 20 years of experience, with
strengthened capacity and increased effectiveness, ESFRI can lead
the way towards a future where science-based solutions born in an
interconnected collaborative research environment surmount not only
COVID-19, but also all the other challenges ahead of us.



The Strategy Report on Research Infrastructures includes the Roadmap
with ESFRI Projects and ESFRI Landmarks and the ESFRI vision of

the evolution of Research Infrastructures in Europe, addressing the
mandates of the European Council, and identifying strategy goals.

The Strategy Report is composed of three parts.

presents the key features of the ESFRI Roadmap 2021 and consists of four interconnected sections. First, it
PA R I 1 describes the main features and outcomes of the ESFRI Roadmap 2021 process. Secondly, it presents what
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is new in the ESFRI Roadmap 2021 edition in comparison to its predecessor. The third section is the analysis

of the lessons learnt from this Roadmap and from the work of ESFRI over the last three years. Last section
provides a strategic outlook into the future, identifying the key challenges and strategy for the RI policy in the
coming years. The list of 22 ESFRI Projects and 41 ESFRI Landmarks is presented: each Rl is identified by acronym,
full name, type of RI, legal status, year of entry in the Roadmap, year of expected start of operation and estimated
costs.

is the Landscape Analysis that provides the current context of the most relevant Research Infrastructures that

are available to European scientists and to technology developers typically through peer-review of compet-

itive proposals. It provides an advanced analysis of the scientific needs and existing Research Infrastructure

gaps as well as directions for strategic investments in the future that would help maintain Europe’s leadership
in the global context. The Landscape Analysis adopts a more service-driven and impact-oriented approach main-
taining the principle of excellence science.

// The Landscape Analysis is an indicative reference document central to
/ ESFRI Methodology and does not represent, in any way, the view and
7. prioritization of ESFRI, nor any national financial and political commitment.

The Landscape Analysis is composed of three sections.

SECTION1 consists of six chapters - one per scientific domain - and describes the state-of-play of all Research In-
frastructures in the corresponding thematic area, their contributions to support frontier research and to provide key
data necessary to address the Grand Challenges. Each domain is structured, when needed, in areas or subdomains
of research. The gaps, challenges and future needs are analysed for each group of thematic Rls and summarised.
For each scientific domain, more general scientific trends have been identified to outline the directions in which the
European Research Infrastructure landscape should evolve.

SECTION2 is an analysis of the interconnections of the different Research Infrastructures, including more general
scientific trends across the different scientific domains. Specific examples of interconnections are shown and dis-
cussed indicating in what areas and in which forms the different Rls could work together, and which needs can be
addressed by stimulating scientific collaboration across different disciplines.

SECTIONS focuses on the Research Infrastructure services and their broader impacts, describing not what the
landscape is, but what it can do. This section has been developed in the form of selected examples in three main
areas: i) the analysis of the relevance of ESFRI Research Infrastructures for Sustainable Development Goals (SDGs);
ii) the analysis of capacity of Rls to respond to emergencies (as for example in the case of the COVID-19 crisis); iii)
the contribution of ESFRI RIs to the digital transformation (including EOSC).

and the estimated costs. The information on the political support to ESFRI Rls, expressed by Governments

describes - through dedicated cards - each ESFRI Project and each ESFRI Landmark. A short description
of the Rl is given as well as updated information on the legal status, the timeline for construction/operation,
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of Member States and Associated Countries - e. g. Lead country, Member country or Prospective Member
country - is validated by the corresponding ESFRI Delegations.

ESFRI Working Groups
ESFRI Forum
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ROADMAP
& STRATEGY REPORT

The European Strategy Forum on Research
Infrastructures (ESFRI):, established in 2002, brings
together national governments, the scientific
community and the European Commission (EC) to
support a coherent, strategy-led approach to Research
Infrastructures (RI) in Europe.

Equipping Europe with infrastructures for ground
breaking research is at the heart of the ESFRI
Roadmapz,

which identifies European investment priorities in Ris® and provides directions for their fur-
ther development, analyses the main features of the RIs landscape in Europe to implement
the European Research Area (ERA) Priority 2b%, and looks into the future challenges of Re-
search Infrastructure policy.

The ESFRI Roadmap 2021 is the sixth edition of the document, which has been influencing
the European and national RIs strategies, policies and funding since 2006. ESFRI periodi-
cally updates its Roadmap to provide a coherent and strategic vision ensuring that Europe
has excellence Ris in all fields of science and innovation®%7. The key messages of the 2021
edition of the Roadmap, prepared during the COVID-19 pandemic, clearly underline the
importance of world-class Rls in enabling cutting-edge research needed to address the
pressing requests and challenges of our society. This Roadmap, with the highest total cost
of needed investments since the first edition in 2006, also demonstrates the persisting
willingness of national governments to substantially invest in improving the Ris capacities
in Europe, as an important element of our long-term scientific sovereignty and crisis pre-
paredness.

This Strategy Report consists of four interconnected parts. First, it describes the MAIN FEA-
TURES AND OUTCOMES OF THE ROADMAP 2021 Secondly, it presents WHAT IS NEW
IN THE ROADMAP 2021 edition in comparison to its predecessor. In the third part, it anal-
yses the LESSONS LEARNT from this Roadmap and from the work of ESFRI over the last
three years. The final part provides a strategic outlook into the future, identifying the key
challenges for the RI policy in the coming years, CHALLENGES AND STRATEGY FOR THE
FUTURE. This strategic outlook is particularly important as the fast evolving Rl ecosys-
tem is challenged by changing external circumstances and ESFRI needs to react to those
changes in order to be capable of maintaining its capability to provide timely and relevant
strategic advice and to stimulate further development of the RI ecosystem in Europe.

ROADMAP & STRATEGY REPORT

1
In June 2001, the Research Council invited ‘the
Commission, in close collaboration with the Member
States, to explore the establishment of new arrangements
to support policies related to research infrastructures”
The first meeting of ESFRI took place in Brussels on 25
April 2002. Detailed mandate and rules governing ESFRI
are laid out in ESFRI Procedural Guidelines, see: www.
esfrieu o

2.
Conclusions of the Competitiveness Council, 25-26
November 2004 and 21-22 May 2007

3.
Conclusions of the Competitiveness Council, 11
December 2012

4,
Conclusions of the Competitiveness Council, 1 December
2015

5.
Conclusions of the Council of the European Union of

26 May 2014 on Implementation of the roadmap for the
European Strategy Forum on Research Infrastructures
Doc. 10257/14
http://register.consilium.europa.eu/doc/srv?l=-EN&f=ST%20
10257%2020147%20INIT

6.
Conclusions of the Council of the European Union of

27 May 2016 on FP7 and Future Outlook: Research and
innovation investments for growth, jobs and solutions to
societal challenges. Doc. 9527/16
http://data.consilium.europa.eu/doc/document/ST-9527-
2016-INIT/en/pdf

7.
Conclusions of the Council of the European Union of 29
May 2018 on Accelerating knowledge circulation in the
EU. Doc 9507/18
http://data.consilium.europa.eu/doc/document/ST-9507-
2018-INIT/en/pdf
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MAIN FEATURES AND
QUTGOMES OF THE
ROADMAP 2021

ESFRI engages in a well-defined road-mapping process with
comprehensive and transparent rules and procedures that

are refined at every new roadmap update process. For the
Roadmap 2021, ESFRI has adopted the definitions, models and
methods detailed in the Roadmap 2021 Guide®.

ESFRI RIs are facilities, resources or services of a unique nature identified by European research com-
munities to conduct and to support top-level research activities in their fields. They include: major
scientific equipment (or sets of instruments), knowledge-based resources such as collections, archives
and scientific data, e-Infrastructures, such as data and computing systems and communication net-
works and any other tools that are essential to achieve excellence in Research & Innovation (R&l).

The ESFRI PROJECTS are Rls in their Preparation Phase, which have been selected for the excellence
of their scientific case and for their maturity, according to a sound expectation that the Project will reach
the Implementation Phase within a ten-year period. They are included in the Roadmap in order to un-
derline their strategic importance for the ERA and to support their timely implementation.

The ESFRI LANDMARKS are RIs that are implemented - reached an advanced implementation stage
- and represent major elements of competitiveness of the ERA. The Landmarks can be already deliv-
ering science services and granting user access, or can be in an advanced stage of construction with a
clear schedule for the start of operation. Landmarks need continuous support and advice for success-
ful completion, operation and - when necessary - upgrade to ensure the provision of state-of-the-art
services, optimal management and maximum return from the investment.

For the Roadmap 2021, ESFRI monitored the Projects that entered the Roadmap in 2010 and 2016 and
evaluated New Proposals that would be included in the Roadmap 2021.

The Roadmap 2021 Guide describes the overall ESFRI lifecycle approach and explains in detail the
procedure and objective of the monitoring of current ESFRI Projects and the evaluation of the New
Proposals. The monitoring and evaluation of the scientific and implementation cases are conducted
independently and in parallel by the ESFRI Strategy Working Groups (SWGs) and the Implementation

Group (IG), according to the Implementation Group and Strategy Working Groups Manual®.

8.
ESFRI Public Roadmap 2021 Guide, September 2019
https./www.esfrieu/sites/default/files/ESFRI_Roadmap2021_Public_Guide.pdf

9.
Implementation Group and Strategy Working Groups Manual - In complement to the Roadmap 2021 Guide, September 2019
https:7/www.esfrieu/sites/default/files/ESFRI_Roadmap%202021_SWG%261G_Manual.pdf
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MONITORING OF ESFRI PROJECTS 2010

The specific objective of the monitoring of the Projects 2010 is to check whether, after the
ten-year term, they reached the Implementation Phase as described in the Roadmap 2021
Guide.

Among the six Projects that entered the Roadmap in 2010, ISBE and WindScanner re-
nounced the monitoring process and were withdrawn from the ESFRI Roadmap. For the
other Projects - AnaEE, EU-SOLARIS, MIRRI, MYRRHA - the monitoring determines wheth-
er they can stay on the ESFRI Roadmap as a Landmark. In addition, ACTRIS, which entered
the Roadmap in 2016, was considered sufficiently advanced to undergo the monitoring
together with the Projects 2010 and be evaluated with respect to the minimal key require-
ments for a Landmark.

Based on the final monitoring reports and taking into account that the Projects that have
successfully reached the Implementation Phase may be upgraded to the Landmark status
if they are also considered major elements of the competitiveness of the ERA, ESFRI award-
ed the status of Landmark to ACTRIS, AnaEE, EU-SOLARIS and MIRRI.

MONITORING OF ESFRI PROJECTS 2016

The specific goal of the monitoring of the Projects 2016 is to check the overall progress
towards implementation and report on whether the Projects have addressed the recom-
mendations received in 2016.

There are six Projects 2016 on the ESFRI Roadmap: ACTRIS, DANUBIUS-RI, EMPHASIS,
E-RIHS, EST and KM3NeT 2.0. The relevant SWGs and IG monitored all of them according
to the set of criteria for the scientific and implementation case, as specified in the Roadmap
2021 Guide.

Following this analysis, it was concluded that all six projects made substantial progress
since they entered the ESFRI Roadmap™®, none of them can be considered implemented
though. Nevertheless, there was a possibility that two projects - ACTRIS and KM3NeT 2.0 -
would be meeting the minimal key requirements for the Implementation Phase. Therefore,
these projects were offered the opportunity to undergo the full monitoring with external
reviewers and a hearing, as foreseen for the Projects 2010. ACTRIS decided to accept this
offer and, upon the approval of the ESFRI Forum, underwent the full monitoring (see '‘Mon-
itoring of ESFRI Projects 2010").

EVALUATION AND ASSESSMENT
OF NEW PROPOSALS

According to ESFRI rules, Member States (MS), Associated Countries (AC) and EIROforum
members are eligible to submit proposals for the ESFRI Roadmap.

In order to identify projects with high degree of maturity and stakeholder support, ESFRI
introduced two eligibility conditions. First, the proposals must have at least a funding com-
mitment from the lead MS or AC, along with a proof of political support by at least two

10.
Report from the monitoring of Projects 2016, October 2021
https:/www.esfrieu/sites/default/files/Public_report_from_monitoring_of_2016_ESFRI_Projects.pdf
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additional MS/AC (or a resolution of the Council for EIROforum organisations).
Second, an inter-institutional/multilateral agreement to implement the pro-
posed RI must be signed by the partners involved in the consortium. These
requirements strengthened the links between the governments involved and
the research communities resulting in an increased likelihood of implementa-
tion within the ten-year term.

The deadline for submission of New Proposals was initially fixed on 5th May
2020. However, in the midst of the crisis caused by the coronavirus outbreak
and the impact it had on the activity of research organisations, ESFRI decided
to extend the deadline to gth September 2020 while keeping the launch of the
new ESFRI Roadmap in 2021.

The eighteen submitted proposals were all eligible and underwent the evalua-
tion process as described in the Guide. Based on the results of the evaluation,
eleven new Projects - EBRAINS, EIRENE RI, ET, EUPRAXIA, GGP, GUIDE, MARI-
NERG-i, OPERAS, RESILIENCE, SLICES and SoBigData++ — have been included
in the ESFRI Roadmap 2021.

ESFRI ROADMAP 2021 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES
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WHAT IS NEW IN THE
ROADMAP 2021

The ESFRI Roadmap 2021 reflects the lifecycle of
several ESFRI Projects that entered in 2010 and

that, in most cases, reached an advanced degree of
implementation moving therefore to the Landmark
list and 'Strengthening the European Rl ecosystem’
The ‘Strategic Landscape Analysis as a key element’
of ESFRI Methodology captures the most relevant
Research Infrastructures that are available to
European scientists. The ‘New projects are filling gaps
in European RI capacities’ in the diverse thematic
domains.

STRENGTHENING THE EUROPEAN
RI ECOSYSTEM

The Roadmap 2021 further highlights the Landmarks list as a core element representing the
group of implemented RIs that emerged from the ESFRI process. They represent the most
advanced undertakings at global level in their fields, strengthening the competitiveness of
European science. The four new Landmarks reinforce the Energy, Environment, and Health
& Food domains with strategic long-term investments in research capability and capacity.

The ensemble of ESFRI Landmarks is one of the essential pillars of the ERA. It comple-
ments - and intersects with - the EIROforum to form a full pan-European portfolio of long-
term undertakings in excellent science and innovation, thus creating unique opportunities
for further internationalization. In adopting the new Landmarks, ESFRI considered the spe-
cific merit of those projects, having successfully completed their incubation through the
Roadmap.

Landmarks, which are in operation and accessible to users, offer not only excellent condi-
tions for doing science today, but also provide unique environments for further long-term
development of European excellence in Research & Innovation. The research demand de-
velops strongly both at a disciplinary level, often requiring the acquisition of diverse data
from different methods, and across disciplines when the complexity of science requires the
use of data and merge analyses from different disciplines in order to reach the information
which is needed to improve our understanding of the different phenomena. The ensemble
of Landmarks, having developed through ESFRI unifying criteria of monitoring and require-
ments - e.g. on data analysis open-tools and FAIR data management and policy - are in a
good position to foster advanced disciplinary as well as multidisciplinary research, thereby
increasing the impact of scientific knowledge on society in terms of innovation and societal
needs.

PAG
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STRATEGIC LANDSCAPE ANALYSIS
AS AKEY ELEMENT

The Landscape Analysis (LA, see PART2) part of the Roadmap 2021 provides an advanced
scrutiny of the scientific needs and existing Research Infrastructure gaps as well as direc-
tions for strategic investments in the future that would help maintain Europe’s leadership
in the global context.

As the renewed ERA envisions stronger contributions of Research & Innovation activities to
Europe's wider policy objectives, the LA adopts a more service-driven and impact-oriented
approach maintaining the principle of excellence in science at the heart of European Rls.
This demonstrates the relevance of investments in RIs for the environmental, economic
and social issues identified at European and International level.

The LA captures the most relevant RIs that are available to European scientists and devel-
opers of innovative technologies and methodologies through the international standard of
peer-reviewed proposals. ESFRI performed a new exercise to explicitly render the relevant
connections among the RIs. These connections are showcased by existing links. New link-
age-needs appear as well.

Capitalizing on the common reflection done by ESFRI in the previous roadmaps, the LA
2021 consists of three sections.

SECTIONL1 gives insight for each domain and indicates in which direction it should evolve
and how it can be optimised by stronger collaboration of existing RIs and strategic invest-
ments in the future.

SECTION2 gives a different picture and an effective contextual analysis of links and com-
plementarities between the existing European Rls, including general scientific trends
across domains.

SECTIONS3 focuses on the RIs services and their broader impacts, describing what the
landscape can do. In order to illustrate explicitly the relevant contributions of Rls to societal
challenges, including the capacity to respond to emergencies, the following three areas
are described:

= the analysis of the relevance of ESFRI Rls for Sustainable Development Goals (SDGs);

= the analysis of capacity of Rls to respond to emergencies, as for example in the case of
the COVID-19 crisis;

= the contribution of ESFRI RlIs to the digital transformation, including the European Open
Science Cloud (EOSC).

The LA is the prerequisite for strategic priority setting at European and national level as any
future investment in RIs must be evaluated against its impact on the Landscape. Conse-
quently, the LA is a key reference for the understanding of the Roadmap, its content and
its analysis. It also demonstrates the relevance of investments in RIs for the environmental,
economic and social issues identified at European and International level. It is a decisive
tool to promote European Ris and their services and to reach out to new international part-
ners. This essential role of the LA of the European Ris was acknowledged in the Council
conclusions of 30" November 2018,

11.
Conclusions of the Council of the European Union of 30 November 2018 on Governance of the European Research Area
Doc. 14989/18

https.//data.consilium.europa.eu/doc/document/ST-14989-2018-INIT/en/pdf
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NEW PROJECTS FILLING GAPS
IN EUROPEAN RI GAPACITIES

The new entries in the Roadmap 2021 reinforce important areas of
research in which insufficient capacities exist in Europe. They will
also make essential contributions to fostering research relevant for
some of the key EU priorities, such as health, the Green Deal, digital
transition or strengthening the EU social pillar.

The European Brain ReseArch INfrastructureS (EBRAINS)
» is unique worldwide in providing access to the most com-
prehensive set of brain data, along with tools to share, analyse and
store data, and to run virtual experiments. It is also unique in making
High Performance Computing available to brain research, which it

does through the Fenix and PRACE networks, enabling data and
compute-intensive research.

The Scientific Large-scale Infrastructure for Computing/

Communication Experimental Studies (SLICES) adds a
unique and significant value to the existing European research ca-
pacity by delivering a reference large-scale RI under public initia-
tives, as a trusted platform for large-scale experimentation of novel
Digital Infrastructure science and technology, possibly also sup-
porting disruptive innovations.

» ing and Big Data Analytics (SoBigData++) responds to the
rising demand for cross-disciplinary Research & Innovation on the
multiple aspects of social complexity from combined data-driven
and model-driven perspectives; it also responds to the rising im-
portance of ethics and data scientists' responsibility as a pillar of
trustworthy use of Big Data and analytical technology.

The European Integrated Infrastructure for Social Min-

The
will facilitate national and international col-
laboration, creating the critical mass of knowledge, skills and re-
sources necessary to sustainably develop the ORE industry. It will
provide access to the highest quality testing facilities with a com-
mon research agenda focused on the development of innovative,
investable ORE technologies.

» assessmeNt in Europe (EIRENE RI) addresses the gap and
bridges the H&F, Environment and Social domains to develop nec-
essary tools and services to accelerate European exposome re-
search. Unique experimental and computing capacities for assess-
ment of environmental exposures to toxic mixtures will address the
research community needs currently not answered.

The Research Infrastructure for EnviRonmental Exposure

The Einstein Telescope (ET) responds to the desire from a

broad scientific community to observe signals from across
the cosmos to understand the very origins of our Universe. Despite
their success, in terms of distances explored, the current reach of
2G observatories such as LIGO and Virgo is limited to a region that,
on cosmological scales, is still our local neighbourhood, leaving
much of the curiosity of scientists unquenched.

ROADMAP & STRATEGY REPORT

The European Plasma Research Accelerator with Excel-

lence in Applications (EuUPRAXIA) will address the demand
for increased access to FEL facilities in Europe; offers unique fea-
tures in time resolution, pump-probe capabilities, spatial resolution
for X-ray imaging and penetration depth for material analysis; will
be the first Rl worldwide to realise an accelerator facility based on
novel concepts that so far have only been used in experimental
tests; provides unique opportunities for education and training in
innovative technologies in the ERA and beyond.

The Generations and Gender Programme (GGP) fills in a
» gap from a life course perspective with its focus on young
adults and the child-rearing years. Substantively, it is positioned
alongside SHARE ERIC with its focus on the older ages, and the
emerging birth cohort study (GUIDE/EuroCohort) with its focus on
children and adolescents. Moreover, the GGP aims at addressing
societal challenges related to population and family dynamics, and

is thus complementary to SHARE's expertise on health and ageing,
and the GUIDE/EuroCohort on well-being.

The Growing Up in Digital Europe: EuroCohort (GUIDE) will

be able to give valuable information on how early life expe-
riences have a clear effect on later life outcomes. Together, GUIDE/
EuroCohort, GGP and SHARE can deliver a comprehensive picture
of the European life course from early years until later life. They cov-
er all the major phases of life and adapt the methods and content of
their data collection to suit the target population.

» search Area for Social Sciences and Humanities (OPERAS)
fills a gap in the European landscape, between generic e-Infra-
structures and RIs dedicated to research data in specific disciplines
or topics. OPERAS deals with a neglected part of the research life-
cycle, regarding the production and access to research outputs,
and supports multilingual scholarly communication cultures in SSH.

The OPen scholarly communication in the European Re-

The REligious Studies Infrastructure: tooLs, Innovation,

Experts, conNections and Centres in Europe (RESILIENCE)
responds to the challenges of the European societal landscape and
of dialogue with neighbouring countries, and also fills the gap in the
RI landscape by giving physical and digital access to major relevant
data archives for Religious Studies - which are not yet part of ERA,
mostly for historical or geographical reasons; fostering the digiti-
sation of collections of dead and rare languages both handwritten
and in print; providing domain-specific ontologies as well as pro-
viding sophisticated communication platforms among researchers,
social actors and decision makers.

The updated and complete list of 22 ESFRI PROJECTS and 41
ESFRI LANDMARKS is summarized in the following table reporting
the main information on each ESFRI Rl (see PART3 for details).
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O M) ESFRI PROJECTS

SOCIAL & CULTURAL

8
NAME FULL NAME TYPE LEGAL ROADMAP  OPERATION  INVESTMENT ~ OPERATION
STATUS (Y) ENTRY (Y)  START(Y) COST (ME)  COST (ME/Y)
= EBRAINS European Brain ReseArch INfrastructureS distributed  AISBL, 2019 2021 2026" 3238 19.8
D
=)
SLICES Scientific Large-scale Infrastructure for Computing/ distributed 2021 2024" 1377 65
Communication Experimental Studies
SoBigData++ European Integrated Infrastructure for Social distributed 2021 2030" 1305 5.0
Mining and Big Data Analytics
International Fusion Materials Irradiation Facility - single-sited 2018 2033" 884.0 56.0
DEMO Oriented NEutron Source
Marine Renewable Energy Research Infrastructure distributed 2021 2030" 89 0.9
E DANUBIUS-RI International Centre for Advanced distributed  ERIC Step1 2016 2024* 2025 239
L Studies on River-Sea Systems
; DiSSCo Distributed System of Scientific Collections distributed 2018 2025 420.3 121
(==}
CC  eLTERRI Integrated European Long-Term Ecosystem, critical zone distributed 2018 2026* 150.0 50.0
% and socio-ecological system Research Infrastructure
|
= EIRENERI Research Infrastructure for EnviRonmental distributed 2021 2031" 2020 422
8 Exposure assessmeNt in Europe
L
us EMPHASIS European Infrastructure for Multi-scale distributed 2016 2021 160.0 36
E Plant Phenomics and Simulation
z:' EU-IBISBA European Industrial Biotechnology Innovation distributed 2018 2025* 52.6 651
% and Synthetic Biology Accelerator
METROFOOD-RI Infrastructure for promoting Metrology in Food and Nutrition distributed 2018 2020 1024 310
% EST European Solar Telescope single-sited 2016 2029 200.0 120
E ET Einstein Telescope single-sited 2021 2035" 19120 370
2 EuPRAXIA European Plasma Research Accelerator distributed 2021 2028° 569.0 30.0
% with Excellence in Applications
é KM3NeT 2.0 KM3 Neutrino Telescope 2.0 distributed 2016 2020 196.0 30
w
L
[=)
=
Lol
[
[72)
—
=
==
(%2
>
o
o
% E-RIHS European Research Infrastructure for Heritage Science distributed 2016 2025 54.0 50
E EHRI European Holocaust Research Infrastructure distributed 2018 2025" 15.0 20
=
% GGP The Generations and Gender Programme distributed 2021 2028" 18.2 11
= GUIDE Growing Up in Digital Europe: EuroCohort distributed 2021 2032" 580.6 17.8
OPERAS OPen scholarly communication in the European distributed  AISBL, 2019 2021 2029" 15.0 09
Research Area for Social Sciences and Humanities
RESILIENCE REligious Studies Infrastructure: tooLs, Innovation, distributed 2021 2034" 3184 95

Experts, conNections and Centres in Europe
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ESFRI LANDMARKS (®

NAME FULL NAME TYPE LEGAL ROADMAP  OPERATION  INVESTMENT ~ OPERATION
STATUS (Y) ENTRY (Y)  START(Y) COST (M€)  COST (Me/Y)
PRACE Partnership for Advanced Computing in Europe distributed  AISBL, 2010 2006 2010 712.8 NA
European Carbon Dioxide Capture and distributed  ERIC, 2017 2008 2016 1,000.0 09
Storage Laboratory Infrastructure
European Solar Research Infrastructure distributed  ERIC Step2 2010 2022 7.0 01
for Concentrated Solar Power
Jules Horowitz Reactor single-sited JHR CA, 2007 2006  2030* 1.800,0 NA
ACTRIS Aerosol, Clouds and Trace Gases Research Infrastructure distributed  ERIC Step2 2016 2025" 698.0 93.0
EISCAT_3D Next generation European Incoherent Scatter radar system single-sited EISCAT SA, 1975 2008 2023" 79.3 49
EMSO ERIC European Multidisciplinary Seafloor and distributed  ERIC, 2016 2006 2016 100.0 20.0
water-column Observatory
EPOS ERIC European Plate Observing System distributed  ERIC, 2018 2008 2023" 500.0 180
EURO-ARGO ERIC  European contribution to the international Argo Programme distributed  ERIC, 2014 2006 2014 10.0 80
IAGOS In-service Aircraft for a Global Observing System distributed  AISBL, 2014 2006 2014 9.2 7.0
ICOS ERIC Integrated Carbon Observation System distributed  ERIC, 2015 2006 2016 116.0 24.2
LifeWatch ERIC e-Infrastructure for Biodiversity and Ecosystem Research distributed  ERIC, 2017 2006 2017 150.0 12.0
AnaEE Analysis and Experimentation on Ecosystems distributed  ERIC Step2 2010 2021 419 11
BBMRI ERIC Biobanking and BioMolecular Resources distributed  ERIC, 2013 2006 2014 NA NA
Research Infrastructure
EATRIS ERIC European Advanced Translational Research distributed  ERIC, 2013 2006 2013 500.0 25
Infrastructure in Medicine
ECRIN ERIC European Clinical Research Infrastructure Network distributed  ERIC, 2013 2006 2014 50 5.0
ELIXIR A distributed infrastructure for life-science data distributed  ELIXIR CA 2013 2006 2014 476 54
EMBRC ERIC European Marine Biological Resource Centre distributed  ERIC, 2018 2008 2017 164.4 12
ERINHA European Research Infrastructure on Highly Pathogenic Agents  distributed ~ AISBL, 2017 2008 2018 58 07
EU-OPENSCREEN  European Infrastructure of Open Screening distributed  ERIC, 2018 2008 2021 823 12
ERIC Platforms for Chemical Biology
Euro-Biolmaging European Research Infrastructure for Imaging distributed  ERIC 2019 2008 2016 270.0 16
ERIC Technologies in Biological and Biomedical Sciences
INFRAFRONTIER European Research Infrastructure for the distributed ~ GmbH, 2013 2006 2013 180.0 80.0
generation, phenotyping, archiving and
distribution of mouse disease models
INSTRUCT ERIC Integrated Structural Biology Infrastructure distributed  ERIC, 2017 2006 2017 450.0 30.0
MIRRI Microbial Resource Research Infrastructure distributed  ERIC Step2 2010 2021 NA 07
CTA Cherenkov Telescope Array single-sited gGmbH, 2014 2008 2024" 400.0 20.0
ELI ERIC Extreme Light Infrastructure single-sited ERIC, 2021 2006 2018 850.0 80.0
ELT Extremely Large Telescope single-sited ESO* 2006 2027* 1,309.0 48.0
EMFL European Magnetic Field Laboratory distributed  AISBL, 2015 2008 2014 170.0 20.0
ESRF EBS European Synchrotron Radiation Facility single-sited ESRF* 2016 2020 128.0 820
Extremely Brilliant Source
European European Spallation Source single-sited ERIC, 2015 2006 2026" 3,009.0 140.0
Spallation
Source ERIC
European XFEL European X-Ray Free-Electron Laser Facility single-sited European XFEL* 2006 2017 1540.0 1370
FAIR Facility for Antiproton and lon Research single-sited GmbH, 2010 2006 2025" NA NA
HL-LHC High-Luminosity Large Hadron Collider single-sited CERN?* 2016 2027* 1,408.0 136.0
ILL Institut Max von Laue - Paul Langevin single-sited  ILL* 2006 2012 188.0 100.0
SKAO Square Kilometre Array Observatory single-sited SKAO, 2011 2006 2027* 1,986.0 770
SPIRAL2 Systeme de Production d'lons Radioactifs single-sited GANIL 2006 2019 307.3 52
en Ligne de 2e génération
CESSDA ERIC Consortium of European Social Science Data Archives distributed  ERIC, 2017 2006 2013 1170 390
CLARIN ERIC Common Language Resources and Technology Infrastructure  distributed  ERIC, 2012 2006 2012 NA 14.0
DARIAH ERIC Digital Research Infrastructure for the Arts and Humanities distributed  ERIC, 2014 2006 2019 NA 07
ESS ERIC European Social Survey distributed  ERIC, 2013 2006 2013 1175 6.4
SHARE ERIC Survey of Health, Ageing and Retirement in Europe distributed  ERIC, 2011 2006 2011 NA 170

NA=Not Available

*expected

# EIROforum member

ROADMAP 2021—ESFRI PROJECTS AND ESFRI LANDMARKS
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LESSONS LEARNT

The ESFRI Roadmap updates constitute an important
strategic framework for the development of Rls of
pan-European relevance and thus of the ERA as a
whole. Continuous assessment and adjustment of

its methodology enables ESFRI to fulfilits strategic
role, especially in view of upcoming political needs,
challenges facing RIs, such as Long-Term Sustainability
and strengthening their impact, as well as new
mandates that the Competitiveness Council entrusted
with ESFRI.

Preserving and further developing ESFRI's strategic mission remains essential for full uti-
lization of the ESFRI advisory capacity. As the portfolio of ESFRI RIs becomes richer and
more comprehensive, it is important to capture evolving trends and focus on initiatives of
strategic importance, with high added value and significant potential to develop unique
resources and further improve services for European science and innovation.

To increase the strategic value of the Roadmap, ESFRI should consider prolonging its up-
date cycle. This would facilitate the preparation of mature proposals based on compre-
hensive studies of the Rl ecosystem and, thus, contribute to the Long-Term Sustainability
of RIs and the most effective use of resources. A substantial effort during the next ESFRI
Roadmap cycle should be made to identify the existing gaps in view of long-term scientific
development and broader policy goals, as well as to identify the most effective ways to
address these gaps.

At operational level, further emphasis should be put on further harmonization of the eval-
uation process at all evaluation stages (ex ante, ad interim as well as ex post). Particular
attention must be paid to interdisciplinary projects that are by nature difficult to be appro-
priately assessed and require greater effort and engagement of a broader range of experts
from different fields.

The current evaluation process was affected by the COVID-19 pandemic, not just in pro-
longing the submission period but also in using solely virtual platforms for evaluation meet-
ings. In some cases, the latter was surprisingly beneficial, especially regarding the orga-
nization of the project hearings, which were very efficient and saved both time and costs.
For the next Roadmap cycle, virtual platform meetings for project hearings and possibly
Working Group meetings could be used again. However, using virtual platforms was not
always appropriate for meetings involving intensive discussions.

The ESFRI Landscape Analysis is a key part of the Roadmap. The SWGs (including addition-
al experts) have, with all the scientific competence and links to research communities, an
increased participation in the drafting of the document. The direct exchange with the RIs is
also a positive element of the drafting process and its potential could be further explored
when designing the next Roadmap concept. The next LA will be decoupled from the Road-
map and its strategic role will be strengthened. It is clear that a specific and more detailed
methodology based on a solid analytical framework must be developed. The process will
also include interactions with main stakeholders including the main user communities.

Already the Roadmap 2016 was conceived with Rl sustainability in mind: a higher level of
maturity and official political support by MS/AC has been set as eligibility criterion, which

ESFRI ROADMAP 2021 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES

has been strengthened in the Roadmap
2018. The ten-year term limit of ‘residency’
for a Project on the Roadmap was intro-
duced already in 2018 and we think that it
is still valid considering that new Projects
have better grounding. However, in case
of projects entered in the roadmap before
2016 or for possible future projects as in
case of very large Rlis to be built, this limit
could be very difficult to be met. ESFRI will
therefore investigate those critical cases
and, if necessary, will define specific guide-
lines when exceptions to this ten-year rule
could be adopted.

THE EVOLVING
ROLE OF Rls

Pan-European RIs have become a pillar of
the ERA. Both the ERA concept and the Ris
ecosystem vision intend to serve and inter-
connect research and researchers through-
out Europe and globally. Investments in
Ris have been seen mainly as support to
research as they meet the demand of the
scientific  community for state-of-the-art
resources, services and data. However,
they are also centres of knowledge trans-
fer to the society and the economy, as well
as play an important role in training of re-
searchers and fostering science literacy. Rls
have now evolved into an interconnected
and interoperable ecosystem, which goes
beyond the area of the R&l domain. Rls are
kernels of regional development in many
domains of economy, they have significant
impact on the cultural and societal environ-
ment of the region where they are built and
show strong outreach to many sectoral pol-
icies and agendas.

Responding to the increased emphasis on
environmental, social and economic chal-
lenges, Europe envisions stronger contri-
butions of R&l activities to the EU's wider
policy objectives. However, additional ef-
forts to reinforce the capacity of European
research are needed in order to develop



science-based solutions that can effectively lead the economic, so-
cial and environmental transitions and improve the everyday life of
European citizens.

European RIs are a key element to make this happen. ESFRI pre-
sented its vision on how RIs can help meeting the challenges of
the society, increase societal resilience and contribute to the new
ERA in its White Paper Making Science Happen, a new ambition for
Research Infrastructures in the European Research Area™?.

MAKING SCIENCE HAPPEN

Together and in parallel with the process to revitalize the ERA, ES-
FRI launched in 2018 a comprehensive reflection process on the
future of Rls in the ERA. This included an internal reflection on a set
of agreed topics as well as an exchange with Rls, thematic clus-
ters and other stakeholders. This led to the publication of the ESFRI
White Paper Making Science Happen, a new ambition for Research
Infrastructures in the European Research Area*? in 2020. The con-
ception of the ESFRI White Paper, therefore, started a new way of
ESFRI engagement with key stakeholders, including the scientific
community at large. Thus, the White Paper represents ESFRI's con-
tribution to a broader policy discussion on R&l in Europe and draws
a new ambition for RIs, shared by governments and the scientific
community.

Due to the COVID-19 outbreak, the White Paper was distributed
only electronically and presented at the online conference of the
Croatian Presidency European Research Infrastructures for a smarter
future® on 15" May 2020. This event had an attendance of 600-850
participants throughout the day and hosted a broad range of stake-
holders, including key policy makers at European and national lev-
el. The conference was live-streamed and the resulting videos are
available in ESFRI YouTube channel*#, while the official Conference
Conclusions™® were prepared by the Croatian Presidency.

Focusing on future orientation and perspective, ESFRI, with its
White Paper, sends out important policy messages to policy actors,
ESFRI RIs, and ESFRI itself. The implementation of the key messag-
es and actions will be an important part of the ESFRI activities post-
2021.

12.
ESFRI White Paper: Making Science Happen, a new ambition for Research Infrastructures
in the European Research Area. March, 2020

https.//www.esfrieu/esfri-white-paper

13.
European Research Infrastructures for a smarter future Conference, May 2020
https./www.esfrieu/esfri-events/european-research-infrastructures-smarter-future-
conference

14.
European Research Infrastructures for a smarter future Conference - Youtube channel,
May 2020
https./www.youtube.com/playlist?list-PLjHsxBU5VVVRxAHrAxeJvaa25lFNApdYH

15.
European Research Infrastructures for a smarter future Conference - Conclusions, May 2020
https./www.esfrieu/sites/default/files/Croatian_Presidency_Conference_European-
Research-Infrastructures-for-a-Smarter-Future_Conclusions.pdf
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THE Ris AND FAIR OPEN DATA

By providing services to a very broad variety of users, RIs create
a shared and collaborative Rl ecosystem, which has been shaping
big science for decades. To facilitate this process, ESFRI fosters the
definition, implementation and further development of advanced
solutions for the effective provision and use of high-quality scien-
tific data as practiced by ESFRI RIs and horizontal e-Infrastructures.
A robust interdisciplinary data environment will be developed by
using data analysis support services to exploit the most advanced
and documented datasets.

On 20" February 2017, the Council of the EU approved ESFRI rec-
ommendation on coordination of Member States' investment strat-
egies in e-Infrastructures recognizing ESFRI as a Strategy hub of

funders™®,

ESFRI RIs are unique in ensuring robust quality control on scientific
data to be opened. ESFRI evaluates, selects, monitors and reviews
its RIs with emphasis on their e-Infrastructure component as an
element for excellent science and excellent data services to the
broadest community. As a result, ESFRI RIs are the key pillars of
research and at the forefront of establishing quality checks on FAIR-
ness of data and data management plans accepted by the relevant
user communities. In general, they already implemented FAIR and
Reproducibility criteria for the Data and operate open access por-
tals. Finally, they safeguard data quality in all domains of science,
in monitoring their persistence and integrity and in releasing them
according to the EOSC rules and standards as robust data products
and services.

Therefore, thematic RIs are an indispensable and even a driving el-
ement of the EOSC data management chain. Five ESFRI science
cluster projects, ENVRI-FAIRY, EOSC-Life*®, ESCAPE*?, PaNOSC?°,
and SSHOC** were launched in 2019, providing a focus for various
ESFRI RIs to connect to the EOSC. The overarching goal is to ad-
vance the FAIRness of digital assets, in particular research data
and related services, and to deliver an open access platform for
interdisciplinary research data utilizing the EOSC. They also aim
at developing links between the concerned ESFRI RIs and EOSC,
creating an open, digital and collaborative space to manage and
integrate diverse data and metadata.

16.
Outcome of the 3519th Meeting of the Council of the European Union, 20 February 2017,
Brussels

https./www.consilium.europa.eu/media/22241/st06469en17pdf

17.
ENVRI-FAIR
https://envri.eu/home-envri-fair

18.
EOSC-Life
https.//www.eosc-life.eu

19.
ESCAPE | The European Science Cluster of Astronomy
https.//projectescape.eu

20:
The Photon and Neutron Open Science Cloud - PaNOSC
https://www.panosc.eu

21
Social Sciences & Humanities Open Cloud (SSHOC)
https.//sshopencloud.eu
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https://www.consilium.europa.eu/media/22241/st06469en17.pdf
https://envri.eu/home-envri-fair/
https://www.eosc-life.eu/
https://projectescape.eu/
https://www.panosc.eu/
https://sshopencloud.eu/
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In addition, some thematic consortia have in their remits the task
to support the FAIRness of data and the establishment of links be-
tween EOSC and their users. For instance, the League of advanced
European Neutron Sources (LENS)*? and the League of European
Accelerator-based Photon Sources (LEAPS)*3 aim to improve the
cooperation of various communities and enhance user facilities
in Europe. These diverse ESFRI RI communities lead efforts to in-
crease reproducibility of the data and data quality management.

The ESFRI EOSC Task Force helps ESFRI tackle the EOSC issues,
provide a platform for exchange of information and organise ex-
changes between ESFRI and EOSC on topics of mutual interest.
These exchanges, taking form of three dedicated workshops in
2019%4%5 and 20202° pointed to the need for improving the ex-
change between ESFRI, RIs and EOSC stakeholders while actively
and effectively engaging with EOSC governance bodies as well as
highlighted the need to define a position, which reflects the unique
perspective of this important sector of the research community and
to develop a long-term view of ESFRI's role in engaging with the
EOSC post-implementation.

They also effectively demonstrated that the Rl community has been
contributing to high-quality data and to an open science culture
change and therefore its involvement is key for EOSC development
and its strong participation in the EOSC governance is required.

Rls AND THE COVID-19 RESPONSE

COVID-19 represents the greatest threat to global public health
and economies in the 215 century. The pandemic has been hav-
ing a growing economic and social impact and highlighted global
interdependence on many different levels. To achieve a new nor-
mal requires a coordinated, coherent and cohesive, effective and
sustainable response. The opportunities provided by European Rls,
which have the capacity to act in a coordinated manner, are crucial
in battling the pandemics, as coordination is an important prerequi-
site for stepping up global cooperation, which is essential to tackle
COVID-19 related issues.

22,
League of advanced European Neutron Sources (LENS)
https.7www.lens-initiative.org/

23.
League of European Accelerator-based Photon (LEAPS)
https.//leaps-initiative.eu/

24.
1%t ESFRI RIs and EOSC Workshop - London, January 2019
https.7www.esfri.eu/esfri-events/esfri-ris-eosc-liaison-workshop

25,
ESFRI Workshop on the Future of Research Infrastructures in the European Research
Area - La Palma, November 2019
https.7www.esfri.eu/esfri-eoe-workshops/esfri-workshop-future-research-infrastructures-
european-research-area?qt-event=0#qt-event

26.
2" ESFRI RIs-EOSC Workshop "Research Infrastructures shaping EOSC" goes digital,
October 2020
https.7www.esfri.eu/esfri-events/2nd-esfri-ris-eosc-workshop-research-infrastructures-
shaping-eosc
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ESFRI encourages European scientists and health professionals
to work together to accelerate the research and development
process to fight the COVID-19 pandemic as well as to shape the
post-COVID-19 health recovery and lay the foundations for a more
resilient landscape to achieve the goals of sustainable develop-
ment. It is important to highlight that investments in adequate and
comprehensive pandemic preparedness are essentialin the field of
health research as well as environment, energy, social-economic,
and other future critical issues.

ESFRI believes that the opportunities provided by European Rls to
support the science-led response to the COVID-19 outbreak are ex-
tremely important. ESFRI is helping the scientific community by ag-
gregating information about dedicated services offered by Rls and
communicating all relevant actions as broadly as possible. To this
end, ESFRI has created a dedicated webpage RIs against COVID-19
pandemic®’ that lists and provides quick links to the information
gathered. The many initiatives presented there illustrate the huge
mobilisation and capacities of the European RlIs. As an example,
three medical RlIs: the European Research Infrastructure for Trans-
lational Medicine (EATRIS ERIC), the European Clinical Research
Infrastructure Network (ECRIN ERIC), and the European Research
Infrastructure for biobanking (BBMRI ERIC) joined forces under
the umbrella of the Alliance of Medical Research Infrastructures
(AMR)?®to provide joint COVID-19 targeted services. Raising public
awareness about the Ris working on COVID response has also been
very important to promote the use of existing opportunities. Croa-
tian Presidency Conference European Research Infrastructures for
a smarter future™® in May 2020 was the first and quick response to
the current crisis and provided an opportunity to discuss the contri-
bution of Rls in fighting the COVID-19 pandemic. ESFRI took an ac-
tive part in this conference, as well as in other international events,
which followed during 2020-2021, like the ICRI conference or OECD
workshops. The first ESFRI Open Session held during the ESFRI Fo-
rum in March 2021 also had a particular focus on the response to
the COVID-19 of selected Rls.

All these initiatives supported by ESFRI since the beginning of the
pandemic feed into a larger set of coordinated R&l actions at EU
level presented in the ERAvsCorona Action Plan®?. The Action Plan
sets out ten key measures to coordinate, share, and increase sup-
port for R&l, in line with the objectives and tools of the ERA. In par-
ticular, for Ris, funds3® were added and re-oriented to support Rl
projects providing services and activities in response to the Coro-
navirus outbreak.

Two priority actions out of the ten are addressing directly RIs and
are strongly supported by ESFRI.

27.
Rls against COVID-19 pandemic
www.esfri.eu,/covid-19

28.
Alliance of Medical Research Infrastructures
https.//eatris.eu/insights/bbmri-ecrin-and-eatris-join-forces-to-offer-covid-19-fast-
response-service/

29.
ERAvsCorona Action Plan, April 2020
https://ec.europa.eu/info/sites/default/files/covid-firsteravscorona_actions.pdf

30.
European Research Area corona platform
https.//ec.europa.eu/info/funding-tenders/opportunities/portal/screen/covid-19
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https://www.esfri.eu/esfri-eoe-workshops/esfri-workshop-future-research-infrastructures-european-research-area?qt-event=0#qt-event
https://www.esfri.eu/esfri-events/2nd-esfri-ris-eosc-workshop-research-infrastructures-shaping-eosc
https://www.esfri.eu/esfri-events/2nd-esfri-ris-eosc-workshop-research-infrastructures-shaping-eosc
https://www.esfri.eu/covid-19
https://eatris.eu/news/bbmri-ecrin-and-eatris-join-forces-to-offer-covid-19-fast-response-service/
https://eatris.eu/news/bbmri-ecrin-and-eatris-join-forces-to-offer-covid-19-fast-response-service/
https://ec.europa.eu/info/sites/default/files/covid-firsteravscorona_actions.pdf
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/covid-19

Access to Research Infrastructures. The availability of the services
provided by Ris and of the data they hold is vital for researchers
working on the coronavirus. New services - including High-Per-
formance Computing and Artificial Intelligence - and datasets are
being brought on stream and it is important to match supply and
demand across borders.

Research data sharing platform. This action aimed to establish a
European COVID-19 Data Platform for SARS-CoV-23* and corona-
virus-related information exchange, connected to the European
Open Science Cloud3?, It allows quick sharing of research data and
results to accelerate discovery.

The COVID-19 pandemic increased the demand for access to
timely, relevant, and quality data. This demand has been driven by
several needs: taking informed policy actions quickly, improving
communication on the current state of play, carrying out scientific
analysis of a dynamic threat, understanding its social and econom-
ic impact, and enabling civil society oversight and reporting. The
COVID-19 Fast Response Service procedure was established to co-
ordinate and accelerate the access to academic facilities, services,
and resources.

EMBL-EBI, which hosts the ELIXIR RI, is an example of the Rl gather-
ing and sharing data resources as they become available®3. The rel-
evant data hosted at EMBL-EBI on the Pathogen Portal are available
for further research activities. This includes sequences of outbreak
isolates and records relating to coronavirus biology. Furthermore,
data submitted to the European Nucleotide Archive (ENA) are avail-
able as well. ELIXIR, the ESFRI RIs for life science data, provides a
range of services and resources, that can be used by researchers
and consortia working on SARS-CoV-2 research via ELIXIR Nodes3*.
ELIXIR has also initiated new community-driven initiatives (e.g.
Hackathons) that help to open up and link COVID-19 data.

ESFRI Roadmap 2021 dedicates an important part of the Land-
scape Analysis to the role of Ris in COVID crisis, their resilience and
capacities in addressing future challenges. RIs have faced severe
difficulties from the COVID crisis: they had difficulties working in
the traditional way and had to adapt rapidly in providing access to
users. In the face of the pandemic, Rls fast-tracked access for ur-
gent health projects and had to put many other experiments on
hold. As travel restrictions and lockdowns hit, RIs had to invent new
ways of carrying out essential work safely, largely introduced re-
mote access schemes and allowed researchers to send in samples
for those projects that do not require their physical presence in the
infrastructure. Acknowledging that these new ways of working give

31
Covid-19 Data Portal
https./www.covidigdataportal.org/

32.
European COVID-19 Data Platform
https:./www.covidigdataportal.org/the-european-covid-19-data-platform

33
EMBL-EBI launches COVID-19 Data Portal
https../www.ebi.ac.uk/about/news/press-releases/embl-ebi-launches-covid-19-data-
portal

34.
ELIXIR support to COVID-19 research
https.//elixir-europe.org/services/covid-19
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the RIs and scientists more flexibility, these new methods could be
extended beyond the pandemic.
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GHALLENGES
STRATEGY FO
FUTURE

There is a growing need for new types of Research
Infrastructures linked with specific challenges, like
climate change and environmental sustainability,
cutting across scientific disciplines. These Rls require
multiple sites and mobile or virtual capacities. They
need to be conceived and deployed not only in the
EU but at a global scale that matches the scope of the
targeted problems.

AND
RTH

At the same time, Rls in traditional disciplines are becoming larger, requiring a growing
number of participant countries and more significant financial resources. This is happening
both within the EU and at global scale.

There are also growing expectations for Research & Innovation to effectively contribute to
broader political goals. Ris are therefore increasingly expected to produce socio-economic
impact beyond scientific knowledge, such as defined by the Sustainable Development Goals.

Ris, individually and collectively, therefore play an ever increasing role in the implemen-
tation of R&l priorities especially in the context of the renewed ERA. It is now important to
stimulate the impact of the rising number of interconnected RIs that are forming a new RI
ecosystem, which serves not only research but also leads to stronger integration of Ris into
the innovation ecosystem and many other areas.

Rls IN THE RENEWED ERA

Since its launch in 2000, the ERA is envisioned as a unified space open to the world, in
which research, innovation, technology and the people carrying out these activities circu-
late freely. After a progress review, an ERA Roadmap 2015-2020, was agreed by the Mem-
ber States, Associated Countries and European Commission, setting out several priority
actions likely to have significant impact on completing the construction of ERA. Nation-
al Action Plans, developed by individual MS and AC, have reinforced the European-level
Roadmap. Ris have been an integral part of ERA since its conception. The work of ESFRI,
which has mobilised close to € 20 billion in investments, has been recognized as one of the
major achievements of ERA32,

At the time of the preparation of the report, the Competitiveness Councilis defining the re-
newed approach to the delivery of ERA, including the new approach to its governance. This
new approach is largely based on the Commission's Communication, the Competitiveness
Council Conclusions3® and the Commission’s Proposal for a Council Recommendation on a
Pact for Research & Innovation in Europe (the Pact)®”. The document, proposes the course
of the renewed ERA over the next decade. It is built on common EU principles and values
for Research & Innovation, and proposes shared priority areas for action, to be implemented
over the next decade.
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35.
Anew ERA for Research and Innovation, COM(2020) 628
final, September 2020
https://eur-lex.europa.eu/legal-content/EN/TXT/
PDF/?uri-CELEX'52020DC0628&from=EN

36.

Conclusions of the Council of the European Union of 1
December 2020 on the New European Research Area
Doc. 13567/20
https.//data.consilium.europa.eu/doc/document/ST-
13567-2020-INIT/en/pdf

37
Proposal for a COUNCIL RECOMMENDATION on a Pact
for Research and Innovation in Europe, COM(2021) 407
final
https://ec.europa.eu/info/sites/default/files/research_
and_innovation/strategy_on_research_and_innovation/
documents/ec_rtd_pact-for-research-and-innovation.pdf
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ESFRI has increased evidence that effective interconnection among
the RIs contributes to an integrated ecosystem that is a significant
element of the renewed ERA. It allows coherence between Euro-
pean, national and regional priorities and RI policies, contributes,
through ESFRI, to better integration of research in Europe and to
better alignment of the national systems of the RIs support - na-
tional roadmaps, good practices of national road-mapping pro-
cesses including financial consideration - and long-term sustain-
ability of Rls.

An interconnected RIs ecosystem attracts frontier research and
contributes to pursue excellent, curiosity-driven inter/multidisci-
plinary research pushing the current limits of knowledge and ad-
dressing many technological, scientific and organizational issues.

The impact of an interconnected RIs ecosystem is visible also in the
field of education and human resource development. The various
mobility schemes, exchange of experience activities, and training
programs, including life-long learning operated by the Ris together
with national administrations and the EC are increasing the attrac-
tiveness of the research and RI operators/managers career path.

Such an ecosystem creates a creative environment where science
based solutions are born and contribute to EU's strategic agendas
as well as being part of a broader international cooperation frame-
work. Rls form global networks, have links to their international
counterparts and play a role in science diplomacy.

Finally, a structured Rls ecosystem contributes to EU sustainable
growth and competitiveness and represents an element of regional
cohesion.

ESFRI AND ITS
CONTRIBUTION TO ERA

ESFRI acts as an inspiration and good practice example in terms of
research policy governance at EU level. ESFRI was set-up in 2002
as an informal Forum (with the formal status of an expert group of
the EC) combining a broad variety of expertise and following the
original mandate of the Competitiveness Council of the European
Union® of June 2001 - and reaffirmed in November 2004 and May
20072, December 20123 and December 2015%.

ESFRI has been a part of the ERA since its conception and will be
involved in the future overall ERA governance to meet the new ERA
objectives. ESFRI was considered as one of the so-called ERA-re-
lated groups and engaged in the setting of broader European policy
agendas38. The Chair of ESFRI is an ex-officio member of the ERAC
Steering board and participated in all the ERAC plenaries. Thus,

38.
ESFRI as a body responsible for the ERA priority 2b-Research infrastructures has been
contributing ERA monitoring by providing ERAC the information on the progress made
by the MS/AC while following the ERA National action plans to support implementation
of the Council Conclusions from 30 November 2018 on the governance of the ERA
(14989/18) and the Recommendations of the ERAC Opinion on the 2018 review of the
ERA advisory structure (1209/18)
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ESFRI as part of the ERA Governance structure and one of the ERA
Related Groups is right in the middle of the process to revitalise ERA
that began in 2018, entailing a fresh look at the ERA priorities and at
the advisory structure required to support these priorities. ESFRI is
a structure that has proven not only its advisory, but also executive
capabilities and serves as a role model for parts of the future ERA
governance. Clear success of the ESFRI governance approach is
well documented in the past ESFRI Roadmaps, in the policy advice
resulting from the co-creation process in ESFRI, and in the impact
of ESFRI'in inspiring the national processes. The effectiveness of the
ESFRI governance model materialized in almost € 20 billion invest-
ment (around € 2 billion/year operational costs) committed by the
MS, AC and the EC for funding of the 63 ESFRI RIs. Taking also into
account, the national contributions to international organisations
operating Research Infrastructures, such as CERN or the European
Southern Observatory for example, the current national public R&D
funding for pan-European Research Infrastructures reaches around
€ 3 billion per year.

In addition, ESFRI was also instrumental for synergies between the
various national and the EU funding. ESFRI Roadmap became an
ex-ante condition for the use of European Structural and Invest-
ment Funds (ESIF) for Rl investments and reference to the presence
in the ESFRI Roadmap is often a requirement for obtaining national
or European funding.

While the Competitiveness Council currently discusses the re-
newed ERA governance, ESFRI expresses its continuous commit-
ment to contribute to the advancement of ERA. It will continue en-
abling science and supporting the structuring of the ERA through
road-mapping, while continuing to improve the roadmap process,
including the landscape and gap analysis. Through the roadmaps, it
will continue to pool resources towards the joint objectives, across
different funds and countries, to support the ESFRI RIs selected
through a competitive process. To ensure the continuous excel-
lence of these RIs, an ambitious monitoring process will be put in
place.

In the renewed ERA, ESFRI will strive to contribute to various R&l
policy objectives and will support the implementation of relevant
actions in the ERA policy agenda 2022-2024 in coordination with the
ERA Forum and ERAC. It will focus on delivering a true open science
culture across the EU, including by mainstreaming open access to
scholarly publications and research data, where RIs should play a
relevant role. It will support the RIs to develop their integrating role
in the ERA, through enhanced cooperation with higher education
and research institutions, businesses and other ERA actors, such
as research partnerships. Looking beyond the R&l policies, ESFRI
and the RIs will contribute to higher policy objectives across various
ERA activities, contributing to the well-being of citizens and the en-
vironment. It will also support its RIs in their further integration in the
global research ecosystem.

In doing so, it will develop its activities in collaboration with stake-
holders. Due to its relevance to ERA, ESFRI's engagement with
stakeholders, the landmark monitoring ambition, the innovation
challenge and the global approach are addressed in more detail
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STAKEHOLDER ENGAGEMENT
AND COMMUNICATION

ESFRI RIs always worked based on cross-fertilisation and dia-
logue, which was particularly reflected in the Roadmap 2018 and
further developed in important events such as the ESFRI RIs and
EOSC Workshop in London in January 201974, followed by the ESFR/
Workshop on the Future of RIs in the ERA in La Palma in November
201975, One of the results of these consultations was that Rls face
different challenges from the early stage to the Operational Phase
of their lifecycle. ESFRI increasingly fosters communication among
Ris by facilitating exchange of experience and dialogue on key top-
ics identified by them.

Contributing to the twin priorities of strengthening Europe’s capac-
ities to carry out cutting-edge science and of providing the condi-
tions in which science can help to solve the major socio-economic
and environmental challenges facing the world, ESFRI initiated in
2020 a number of engagement activities, such as Open sessions and
Stakeholder meetings. These new activities, along with the existing
ones - i.e. ESFRI website, YouTube channel, Twitter notifications,
impact dedicated events or contributions to EU Presidency confer-
ences, ESFRI representation at international and European fora, tak-
ing part in policy discussions on ERA future, etc. - will further help
ESFRI to implement its mission. The objective of these new ESFRI
initiatives is to support the self-organisation and consolidation of
Rls within the same domain and across domains, in order to better
address users' needs in replying to societal challenges and to pro-
mote sharing of good practices on the different Rl related agendas.

Open Sessions. The Open Sessions are organised twice a year.
They are intended to serve both the ESFRI Delegates and the ex-
ternal participants, in particular the representatives of the ESFRI Rls,
and to facilitate exchange of information.

As stated by the Council conclusions on the New European Research
Area® of 1 December 2020, the renewed ERA should be based on
shared responsibilities, stakeholders, and citizens' participation. To
be successful, the participatory element should be applied across
ERA and should therefore include ESFRI and Ris. The ESFRI White
Paper Making Science Happen, a new ambition for Research Infra-
structures in the European Research Area*? already prepared the
ground for a broader approach by stating “ESFRI will investigate the
possibility of organising a platform for regular discussion among
the different European RI stakeholders, e.g. an ESFRI Stakeholder
Forum". In this way, ESFRI and RIs will position themselves at the
heart of the Research & Innovation ecosystem, closely interlinked
with different actors - business, research, education, policy, citizens
and others.

ESFRI Stakeholder Forum. The ESFRI Stakeholder Forums will at-
tract stakeholders and raise their awareness across the whole Re-
search & Innovation ecosystem such as research organisations and
higher education institutions with scientific communities which are
participating in the ERA activities and which are potential users of
Ris, decision and policymakers, municipalities, citizens, socio-eco-
nomic actors, etc. The objective is to look beyond the traditional
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RI communities. All these stakeholder engagement and commu-
nication activities are crucial not only to exchange of knowledge,
experience and good practices, but also to promote a broader use
of European RIs, to engage in a dialogue with stakeholders and to
foster the interplay between regional (smart specialization), national
and European strategies on Rls.

These are the effective tools, which will allow ESFRI to strengthen
the links of the Roadmap to the R&I agenda at national and Eu-
ropean levels and to develop international standards in strategic
priority setting for RIs, supporting the development of the global
Rl ecosystem.

MONITORING OF LANDMARKS

ESFRI Landmarks were introduced in the ESFRI Roadmap 2016
as reference Rls and are pillars in the ERA landscape offering not
only services to academic research, but also supporting develop-
ment and innovation, and they are specifically important for region-
al scientific and economic development. ESFRI is aware that the
inclusions of Landmarks in its Roadmap often are conditional on
(eligibility for) regional, national and European funding and under-
lines that these inclusions are a result of the robust and transparent
methodology. Guaranteeing the excellence of the Landmark label,
ESFRI has a responsibility for the quality of the Rls listed in the ES-
FRI Roadmap as Landmarks. With the adoption of the internal and
external guides for the ESFRI Roadmaps 2018 and 202129, ESFRI
consolidated its definitions, models and methods. In follow-up of
the Competitiveness Council conclusions of May 20187, and the
pilot review of four Landmarks assessing the scientific status and
their implementation, ESFRI has set up an ad hoc Working Group
on Monitoring of Research Infrastructures Performance®®. The ad
hoc Working Group recommended a quality standard for Key Per-
formance Indicators (KPIs) - the RACER-Criteria - and a dialogue
process between the RlIs and the evaluating organisations to define
the most appropriate KPIs that would at the same time fulfil the
objectives of the assessment. It prepared a final report containing
general criteria for Landmark and Rl assessment, and it came with
considerations for implementing an appropriate methodology in
the future. This report addressed various aspects of Landmarks
and developed a set of specific KPIs. The report was approved and
published by ESFRI in December 2019%°.

While discussing the future of ESFRI monitoring and in order to pre-
pare and implement a fully consistent procedure for ESFRI Land-
marks, ESFRI has set up another Working Group, the Monitoring
Implementation Group, with the mandate to propose a methodol-

39.
Ad hoc Working Group on Monitoring, June 2018
https:/www.esfri.eu/working-groups/monitoring

40.
Monitoring of Research Infrastructures Performance - ESFRI ad hoc Working Group
Report, December 2019
https./www.esfrieu/sites/default/files/ESFRI_WG_Monitoring_Report.pdf
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ogy for the monitoring of Landmarks on the ESFRI Roadmap. The
Working Group has prepared a report, which, taking into account
the progress made by ESFRI towards developing a framework for
monitoring of RI performance, identified options for implementa-
tion of Landmark monitoring at ESFRI and provided directions for
further development of the ESFRI monitoring framework and for
uptake of the ESFRI monitoring approach beyond the Landmarks.

For the purpose of this monitoring, the Landmarks shall use KPIs as
outlined in the ESFRI Working Group Report, which may be adjust-
ed to the specific needs of the Landmarks and thus are capable of
capturing the specificities of individual infrastructures. Although the
uptake of KPIs is voluntary, Landmarks who do not wish to apply
KPIs matching the ESFRI standards will not be eligible for Landmark
monitoring.

The Landmark monitoring will use questionnaires, hearings and the
other established methods of monitoring. KPIs will complement the
information for the monitoring panels.

= The monitoring shall demonstrate the high quality of each indi-
vidual Landmark.

= |t shall also identify possible problems and support the Land-
marks to take appropriate actions.

= Each Landmark shall be monitored at regular intervals of about
five years. Specific ESFRI panels for each Landmark, comple-
mented by external experts, shall conduct the monitoring.

= A detailed report on the rationale and the procedures of Land-
mark monitoring with guidelines on the methodology will be
available by the end of 2021.

ESFRI is going to contact the Landmarks and jointly elaborate with
them a schedule for the monitoring activity. The monitoring of the
first Landmarks should start in 2022. By 2024, the first round of mon-
itoring covering a substantial part of the Landmarks listed in the
Roadmap 2018 should be concluded. ESFRI will then evaluate the
monitoring system and procedures.

CONSOLIDATION OF THE
EUROPEAN RI LANDSCAPE

In the last 20 years, the European RI landscape has been evolv-
ing towards a consolidated ecosystem. Amongst the activities and
trends that have been promoting this development are cooperation
between RIs - scientific collaborations, partnerships, associations
and organizations -, growing interdependence, clustering within
scientific domains, interdisciplinarity and interoperability.

We can find examples in:

= Thematic ESFRI clusters established through EU-funded proj-
ects to address common issues, exchange experience as well
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as develop and share good practices related to Rl development
and operation, and most recently to strengthen their capacity of
linking to the European Open Science Cloud*7*829:20.2%,

* The Alliance of Medical Research Infrastructures?® where close
collaboration of three ERICs ESFRI Landmarks — EATRIS, ECRIN
and BBMRI - with highly complementary methods created sig-
nificant synergies and new added value, allowing the research
community to reach more complex and comprehensive goals,
among others on COVID-19.

Two initiatives of European analytical facilities, the League of
Advanced European Neutron Sources®* and the League of Eu-
ropean Accelerator-based Photon Sources®? are bringing to-
gether a critical mass of European analytical facilities in their re-
spective areas to identify synergies and opportunities for closer
collaboration, for example around Green Deal, Horizon Europe
Missions or COVID-19, as well as develop joint positions on is-
sues of common interest.

The ENRIITC Consortium**, which brings together eleven ac-
tors among which the ESFRI Landmarks EMSO ERIC, EATRIS
ERIC, ESRF and ESS ERIC, and CLARIN ERIC. This consortium
brings together actors from industry and Ris and can have im-
portant socio-economic impacts.

= The GEANT Association, an organization for European collab-
oration in research networks with 38 National Research and
Education Network (NREN) partners, and the largest and most
advanced R&E network in the world.

= The collaboration between CERN, SKAO, GEANT and PRACE
aiming at realizing the full potential of the coming new genera-
tion of High-Performance Computing (HPC) technology.

* The many interconnections between the different fields that
are identified, and analyzed in detail, in the Landscape Analysis
chapter of this Roadmap.

However, many aspects remain to be improved to further consol-
idate the European RI landscape. For instance, there is still a need
for an interoperable data system that fully complies with the FAIR
principles and is well integrated into a functioning EOSC ecosystem
serving the needs of the European research communities. Signif-
icant potential remains in further enhanced collaboration among
Research Infrastructures at structural and operational level, further
exploring synergies between facilities. It is important to create fa-
vorable conditions for the development of joint service pipelines,
shared resources and capacities, as well as strengthening data
interoperability, and the use of new digital tools/technologies,
among others.

41.
ENRIITC Consortium
https.//enriitc.eu/project/consortium/
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STRENGTHENING Ris SERVICES

Integrated Rl services are a key element of a functioning Research
& Innovation system. Since its inception, over twenty years ago,
the European Research Area has contributed to unprecedented
accessibility of state-of-the-art Rl services to users from across
Europe. The establishment of pan-European Research Infrastruc-
tures through the ESFRI Roadmap and of targeted measures via the
R&l Framework Programmes has integrated, interconnected and
opened up the national RIs. Moreover, broad accessibility of these
services, based on the principle of excellence-based open access,
is also an important element of bridging the research gap, levelling
up the opportunities for scientists from all corners of Europe.

The maturity of the RI landscape coupled with the challenge of the
twin transitions and lessons learned from the pandemic illustrate
that we are at the crossroads of a different paradigm. Indeed, an
operational, robust ecosystem of Rls requires strengthened coor-
dination of activities of European and national facilities, effective-
ly complementing each other in providing services tailored to the
specific needs of different types of users by design.

Therefore, building on the existing European Research Infrastruc-
tures, established through the ESFRI Roadmap and the ERIC
Framework, the structuring of the European RI landscape needs to
be complemented by a service-level approach to better address
the evolving needs, both policy-driven and curiosity-driven. Devel-
oping system-level services means setting up a user-driven Euro-
pean architecture involving different types of facilities, in different
locations and across disciplines, providing the capacities to tack-
le the most challenging scientific problems, enabling discoveries
leading to science-based solutions for the most pressing societal
challenges.

A rich landscape of world-leading RIs puts Europe in a favourable
position to lead the green and digital transformations. COVID-19
has demonstrated the capability of European Rls to quickly react
to urgent societal needs, as described in the Landscape Analysis
(see PART2) of the Roadmap. Facilitating an effective, science-led
response to other societal challenges will require similar mea-
sures, where targeted services of individual RIs and groups of Ris
are mobilised focusing on specific objectives. The new Horizon Eu-
rope Missions*? will provide further opportunity for European Rls
to design, develop and deploy services responding to user needs
and identified objectives within the five specific challenges - cli-
mate change, cancer, restoring oceans and waters, smart cities and
healthy soil.

In order to better serve the R&l priorities in support of European
policies, the joint, or complementary, development of services to-
gether with the needed technological developments by relevant
Research Infrastructures requires strategic guidance. Such coordi-
nated, targeted efforts need to be supported at European level to

42.
Communication from the Commission to the European Parliament, the Council, the
European Economic and Social Committee and the Committee of the Regions on
European Missions, September 2021
https.//ec.europa.eu/info/sites/default/files/research_and_innovation/funding/
documents/ec_com_heu_randi_missions_29092021.pdf
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create spill-overs across the Rl ecosystem. This will also help to first
identify and then fill in the existing gaps in Rl services, both at the
level of individual facilities and the European Rl ecosystem overall.

The ESFRI road-mapping and monitoring process in coordination
with the ERIC Framework can be instrumental in addressing the
way forward for the setting up of system-level services. According-
ly, measures can be piloted through European and national pro-
grammes consistently with this process.

THE INNOVATION CHALLENGE

World-class Rls, improving their performance by pushing the fron-
tiers of science and technology, constitute very particular innova-
tion ecosystems where scientists need to work hand in hand with
high-tech companies that supply them with manufacturing capaci-
ty as well as state-of-the-art services and technologies. These col-
laborations have significant potential to incubate innovative spin-
offs exploiting the applications of technologies developed for Rls in
the broader economic and social context.

Rls are often associated with curiosity-driven research and the cre-
ation of new fundamental knowledge. However, there has always
been close interaction with industry and SMEs. Industrial users in
search for innovative solutions using innovative methods are at-
tracted with tailor-made services or services that build on well-es-
tablished analytical techniques.

The creation of new services, that include data analysis, data inter-
pretation, and consultancy, have led to a continuous increase of in-
dustrial and SME users of Ris. It is estimated that approximately 5%
of user time is devoted to industry; however, in some cases it may
reach even 20%. Where the services provided by Ris target medi-
um to high technology readiness levels, they can be assimilated to
those of Technology Infrastructures®3. A better linking of services
provided by both Research and Technology Infrastructures is need-
ed to increase the attractiveness and efficiency for industrial users.
The aim is to provide a continuum of services along the knowledge
creation and innovation chain that respond to R&l needs in technol-
ogy areas relevant for the European Union, boosting innovation in
the internal market.

43.
Technology Infrastructures' means facilities and resources, such as test beds, pilot
lines, demonstrators, testing facilities or living labs, and related services, that are used
predominantly by undertakings to develop, test and upscale technology up to higher
Technology Readiness Levels prior to competitive market entry; access to these
infrastructures is open to users from the European Economic Area on a transparent and
non-discriminatory basis
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In that respect, the Commission Communication A New ERA for Re-
search and Innovation5 has formulated specific key actions such as
number 10, which is targeted to the support for developing an inte-
grated ecosystem of RIs in Europe and to a European strategy and
governance structure for Technology Infrastructures. Moreover, as
pointed out in the EU updated Industrial Strategy*4, R&l play a cen-
tral role in the green and digital transition and in the recovery of
our economy. Fourteen industrial ecosystems were identified which
are of highest relevance for Europe. These industrial ecosystems*5,
as well as the industrial alliances and Horizon Europe partnerships,
are the starting point to develop roadmaps and prioritise actions for
Technology Infrastructures.

Ris are clearly linked to industrial ecosystems such as Agri-Food,
Health and Energy-Renewables and to partnerships and industrial
alliances such as the battery alliance or the clean hydrogen part-
nership. However, there is still potential to reinforce and structure
these links and to strengthen the role of Ris in other areas by:

= developing more standardised techniques, a stronger modu-
larity and interoperability across platforms, and services, using
multi-messenger science;

= strengthening industrial R&l and the long-term sustainability of
laboratories;

= developing new Research Infrastructure services tailored to
industrial needs, in particular in areas linked to key EU policy
priorities;

= reinforcing the role of industry liaison officers at Rls.

Ultimately, the challenge of European innovation also involves a
better and optimized relationship between RIs, Technology Infra-
structures and industrial players that would allow the EU to keep its
global leadership role.

SOCI0-ECONOMIC IMPACT OF Rls

Research Infrastructures are key enablers of scientific and technol-
ogy discoveries as well as of incremental accumulation of knowl-
edge. At the same time, they often have considerable socio-eco-
nomic impact beyond science itself. Understanding these impacts,
and the capacity of Research Infrastructures to achieve them, is
necessary for public authorities to make informed investment deci-
sions aligned with broader political goals.

44.
Updating the 2020 New Industrial Strategy. COM(2021) 350
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/ ?uri-CELEX'52021DC0350&from=EN

45.
Aerospace and Defence; Agri-Food; Construction; Cultural and Creative Industries; Digital;
Electronics; Energy-Intensive Industries; Energy - Renewables; Health; Mobility - Transport
- Automotive; Proximity, Social Economy and Civil Security; Retail; Textile; Tourism
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Some socio-economic impact studies of Research Infrastructures,
notably in physics, have been available since the 1980s. Howev-
er, significant progress in identification and analysis of the differ-
ent dimensions of impact that Research Infrastructures make on
the broader socio-economic ecosystem in which they function has
only been made in recent years. This development was linked to
the changing policy context envisioning stronger contributions of
Research & Innovation activities to Europe's wider policy objectives
emphasizing environmental, social and economic challenges.

At the level of ESFRI, socio-economic impact has become one of
important considerations in the road-mapping process that identi-
fies European investment priorities in Research Infrastructures, as it
has been formally considered as one of the evaluation criteria since
ESFRI Roadmap 2016. At the same time, consideration of the so-
cio-economic impact has also increasingly entered into discussions
on funding priorities at national and regional levels.

Numerous impact studies of individual Research Infrastructures
have shown significant direct and indirect benefits not only to users
of these infrastructures but also more broadly to the economy and
society through human capital formation, technological spillovers,
boosting local employment and development, as well as support-
ing medical treatments or even creation of cultural goods.

Conceptualisation of socio-economic impacts is progressing rap-
idly, including through the development of impact pathways mod-
els, however consensus on what these impacts are and how they
can be measured and described still needs to be developed. At
the same time, as the methodology for monitoring of Research
Infrastructure performance is developed, questions arise on the
relationship between performance and impact, and the respective
indicators. This requires reaching a common understanding among
Research Infrastructures and their key stakeholders on how to pro-
ceed with monitoring, evaluation and impact assessments, both at
European and national level.

The concepts of different impacts and impact pathways also need
to be further investigated and developed, together with better un-
derstanding of what indicators are used and how. It is important to
develop and share good practices on impact assessments in order
to foster their alignment among Research Infrastructures, across
countries and at European level.

EUROPEAN Rls AT THE
GLOBAL STAGE

Scientific research is a global endeavour that knows no political,
governmental, national, or geographic boundaries. Pooling re-
sources and sharing knowledge is an integral part of scientific de-
velopment. No matter where science is produced, who funds it and
who conducts it, the results benefit all of humanity and the entire
planet. Science does not exist in isolation, and this is now truer than
ever. Human ingenuity requires comparison, social sciences sur-
veys are designed to be comparable with others around the world,
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knowledge multiplies when all the bits and pieces are put together.
As enablers of scientific work, Research Infrastructures live in this
global space of science, and their impact extends largely beyond
their main physical and administrative confines.

ESFRI RIs are no exception to this and play a significant role at the
global stage of science. In fact, the ESFRI ecosystem of Rls is unique
in the world and serves as a reference point for other regions, not
only scientifically but also methodologically, demonstrating the
leadership of Europe in the area. Global uniqueness characterises
many individual ESFRI Ris as well, which benefit from strong inter-
governmental agreements that allow them to provide unique op-
portunities for studying fundamental scientific problems, performing
cutting-edge research, and stimulating technology developments
on a global scale, thereby strengthening their sustainability.

The global range and scale of ESFRI Rls is evident on several inde-
pendent dimensions of a RI's environment/universe.

Scientific Contribution. Several ESFRI RIs in various sectors are
used in collaborative scientific efforts that are global by nature,
e.g. environmental sciences, social sciences, high-energy particle
physics, and others.

Scientists/Users. Many ESFRI RIs offer physical access or virtual
access to data and services to scientists and engineers from coun-
tries outside the EU or even Europe at large, with some of them
having up to 50% of their users coming from outside Europe.

Data. Numerous ESFRI Ris collect and offer data on a global scale,
with some of them having done that for a rather long time, thereby
creating opportunities for obtaining significant research outcomes.

Location. There are ESFRI RIs that are deployed in countries other
than MS/AC, in all corners of the globe. In fact, some of them are
exclusively outside the European region.

These are elaborated further below.

The European RI ecosystem is facing new challenges that require
revised strategic orientations. The demands for Research Infra-
structure are increasing rapidly within most research fields. Tech-
nical progress, ever more complex scientific questions, and the
need to tackle global emergencies, such as pandemics or climate
change, demand a reinforcement of international collaboration,
where global cooperation and data sharing are essential to offer
solutions. In this sense, The ESFRI White Paper Making Science
Happen™* establishes the promotion of international cooperation
as one of the actions for fostering the development, increasing the
operational capacity, and securing the sustainability of the entire
Research Infrastructure ecosystem.

46.
European Virus Archive
https.//www.european-virus-archive.com/

47.
Global Ecosystem Research Infrastructure (GERI)
https:.//meetingorganizer.copernicus.org/EGU21/EGU21-16541.html

48:
Group of Senior Officials (GSO) on global Research Infrastructures
https.7www.gsogriorg/
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The COVID-19 pandemic has reaffirmed the importance of inter-
national cooperation in science and the relevant role of Research
Infrastructures: the European COVID-19 Data Platform, established
jointly by the European Commission*32 EMBL33 and ELIXIR34, in
collaboration with Member States and other partners, offers tools
for variant genomic surveillance and access to viral genomes from
national sequencing efforts. In addition, the European Virus Ar-
chive*®, a network of facilities also funded by the EU, is supplying
materials globally for the detection and molecular diagnostics of
the new virus variants.

Climate change is another clear example of the need for interna-
tional cooperation, as global environmental monitoring is essen-
tial: EURO-ARGO ERIC serves as the EU contribution to the global
ARGO; EMSO ERIC, the deep sea observatories, is linked to inter-
national partners in the US, Canada, Australia and Japan; and ICOS
ERIC, the CO2 observation infrastructure, supplies data to the UN
Framework Convention on Climate Change. Furthermore, the on-
going initiative for a Global Ecosystem Research Infrastructure
(GERD*” brings together partners in the EU, the US, Australia, China
and South Africa.

The Group of Senior Officials (GSO) on Glogal Research Infrastruc-
tures (GRIs) is a body within the G7*® that has developed a set of cri-
teria for defining GRIs, which allows new facilities around the world
to understand access mechanisms and to join global knowledge
networks (e.g. it has acknowledged GERD. In the future, the GSO
should have an important role in articulating global governance
models for international Research Infrastructures. The organization-
al structures for international RIs can range from highly structured
and centralized, like CERN, to very decentralized and loose, like the
LIGO Collaboration. Some of these facilities will be game changers,
like CERN was over 60 years ago. For example, ITER was born with
this objective and has 35 nations trying to prove the feasibility of
fusion as a carbon-free source of energy.

Appropriate governance models must be developed for each case,
depending on the scientific needs and the relevant stakeholders.
In collaboration with scientists, policy makers must build on ear-
lier achievements and supply mechanisms for coming together
globally, as was done quite recently with UNESCO facilitating the
set-up of SESAME*?, the synchrotron in Jordan. The EU can con-
tribute the experience it has acquired through the years with the
ESFRI Roadmap, offering expertise and leadership in Global Re-
search Infrastructure projects. EU cooperation with priority coun-
tries and regions can be extended by explicitly including Research
Infrastructures in the relevant strategy agendas, as in the cooper-
ation with Latin America and the Caribbean region. ESFRI and its
Research Infrastructures - LifeWatch ERIC, INSTRUCT ERIC and
E-RIHS, among others - play an important role in the implementa-
tion of the EU-CELAC?? strategic roadmap for science, technology

49.
Synchrotron-Light for Experimental Science And Applications in the Middle East
(SESAME)

https.//www.sesame.orgjo/

50.
EU-CELAC
https.//ec.europa.eu/info/research-and-innovation/strategy/strategy-2020-2024/europe-
world/international-cooperation/latin-america-and-caribbean_en
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and innovation, being examples and drivers for the implementation
of its third pillar, the cooperation on research infrastructures.

The fields of Physics and Astrophysics offer classical examples of
big international facilities. They require Infrastructures of a size and
cost that can only be built through international cooperation. Ex-
periments are conceived as international projects from the start,
and Europe, North America, and Japan, among others, cooperate
very closely to implement them. For example, laboratories, such as
the European XFEL, and ongoing projects, such as FAIR, advance
with substantial Russian participation. Especially the nature of as-
trophysics and the need for particular geographical locations has
forced this field to be truly global, with very important projects be-
ing in the works, notably the Square Kilometre Array Observatory
(SKAQ) in Australia and South Africa, the Extremely Large Telescope
(ELT) in Chile, the Cherenkov Telescope Array (CTA) in Europe and
Chile.

Regarding users, a large number of ESFRI Rls using open access
policies are granting access to international users with some of
them having up to 40-50% of their users be non-European. A case in
point are the big Particle Physics laboratories and the great obser-
vatories, which serve very integrated, truly global scientific commu-
nities and offer access to international users using different modal-
ities and supporting them through different funding mechanisms.

Finally, Research Infrastructures are an essential tool for the inter-
national deployment of the open science paradigm. The recent
Commission Communication on a Global approach to Research
and Innovation - Europe's strategy for international cooperation in a
changing world®* calls for "deepened cooperation on the basis of
openness, a level playing field and respect of fundamental rights
and values and supporting EU's open strategic autonomy”. The re-
lated Council conclusions®:

= underline the importance of international cooperation in Rls for
the advancement of science, science diplomacy, tackling the
global challenges and increasing access to excellence;

= recognise the need for further development and implementa-
tion of the Global Research Infrastructure framework; and

= encourage the European Strategy Forum on Research Infra-
structures and the Commission to support activities of Re-
search Infrastructures to this end.

The rollout of the renewed ERA policy agenda and of the Horizon
Europe Programme will provide new opportunities for European
Research Infrastructures to strengthen their international collabo-
ration and influence the shaping of the global RI landscape.

51.
Europe’s global approach to cooperation in research and innovation: strategic, open, and
reciprocal, 18 May 2021
https.//ec.europa.eu/commission/presscorner/detail/en/ip_21_2465

52.
Conclusions of the Council of the European Union of 28 September 2021 on Global
approach to Research and Innovation - Europe's strategy for international cooperation in
a changing world Governance of the European Research Area. Doc. 12301/21
https.//data.consilium.europa.eu/doc/document/ST-12301-2021-INIT/en/pdf
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LANDSCAPE ANALYSIS

The Landscape Analysis provides the current context of the most relevant

Research Infrastructures that are available to European scientists and to technology
developers typically through peer review of competitive proposals. It provides

an advanced analysis of the scientific needs and existing Research Infrastructure
gaps as well as directions for strategic investments in the future that would help
maintain Europe’s leadership in the global context. The Landscape Analysis adopts
a more service-driven and impact-oriented approach maintaining the principle of
excellence science.

7 The Landscape Analysis is an indicative reference document central to
% ESFRI Methodology and does not represent, in any way, the view and
7, prioritization of ESFRI, nor any national financial and political commitment.

The Landscape Analysis is composed of three sections.

consists of six chapters - one per scientific domain - and describes the state of play of all Re-
search Infrastructures in the corresponding thematic area, their contributions to support frontier
research and to provide key data necessary to address the Grand Challenges.

PAGE 37 Each domain is structured, when needed, in areas or subdomains of research. The gaps, challenges and future
needs are analysed for each group of thematic RlIs and summarised. For each scientific domain, more general
scientific trends have been identified to outline the directions in which the European Research Infrastructure land-
scape should evolve.

is an analysis of the interconnections of the different Research Infrastructures, including more
E I I N general scientific trends across the different scientific domains.

Specific examples of interconnections are shown and discussed indicating in what areas and
PAGE in which forms the different Ris could work together, and which needs can be addressed by stimulating scientific
collaboration across different disciplines. The information on RI-specific interconnections with other domains for

the ESFRI Research Infrastructures in Operation Phase or in advanced Preparation Phase is included.

focuses on the Research Infrastructure services and their broader impacts, describing not what
the landscape is, but what it can do. This section has been developed in the form of selected
examples in three main areas:

PAGE = the analysis of the relevance of ESFRI Research Infrastructures for Sustainable Development Goals (SDGs);
= the analysis of capacity of Ris to respond to emergencies (as for example in the case of the COVID-19 crisis);
= the contribution of ESFRI Rls to the digital transformation (including EOSC).

This section has been prepared to showcase the relevance of Rls for societal challenges, including the capacity to
respond to any type of emergencies, and for innovation. Examples have been collected from the ESFRI Landmarks
and new potential ESFRI Landmarks.

The Landscape Analysis has been realized by the Strategy Working Groups in the DATA, COMPUTING & DIGITAL RESEARCH
INFRASTRUCTURES (DIGIT), , ENVIRONMENT (ENV), HEALTH & FOOD (H&F), PHYSICAL SCIENCES & ENGINEERING
(PSE), and SOCIAL & CULTURAL INNOVATION (SCI) for the respective domains.
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LANDSCAPE ANALYSIS

THEMATIC AREAS

The Section 1 of the Landscape Analysis describes
the state-of-play of all Research Infrastructures in

the corresponding thematic area, their contributions
to support frontier research and to provide key data
necessary to address the Grand Challenges. Each
domain is structured, when needed, in areas or
subdomains of research. The gaps, challenges and
future needs are analysed for each group of thematic
Rls and summarised. For each scientific domain,
more general scientific trends have been identified to
outline the directions in which the European Research
Infrastructure landscape should evolve.

The Landscape Analysis in the thematic areas has been realized by the Strategy Working
Groups in the respective domain

40 DATA, COMPUTING & DIGITAL
RESEARCH INFRASTRUCTURES

62 ENVIRONMENT

76 HEALTH & FOOD

88 PHYSICAL SCIENGES & ENGINEERING
104  SOCIAL & CULTURAL INNGVATION
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DATA, COMPUTING & DIGITAL

RESEARCH INFRASTRUCTURES

DATA, GOMPUTING & DIGITAL

RESEARCH INFRASTRU

A Digital Infrastructure (D) is broadly defined as a

set of information and communication technology
components that are the foundation of ICT-services.
These include typically physical components -
computer and networking hardware and facilities - but
also various software and network components.

The term e-Infrastructure is commonly
used to indicate advanced fully integrated
communication and information processing
services, which provide transparent, easy,
cheap and secure access to all types of dis-
tributed resources - computers, databases,
heavy research instruments.

Digital Infrastructures are expected to
boost research, growth, innovation and
job creation, and it is clear that education
of digital scientists and practitioners are
a priority for Europe as this can effectively
give people the knowledge, skills and com-
petences to use and benefit from scientif-
ic data. Recent discussions around 5G and
COVID-19 contact tracing amplify the need
for European sovereignty when it comes to
Digital Infrastructures and the handling of
data. It is important to recognise that Digital
Infrastructure control and data regulation
are complementary and can be combined
in various ways".

The European e-Infrastructure landscape
includes Networking, Computing, and Data
Infrastructures, on the national, regional
and institutional level. The e-Infrastruc-
ture services at the European level are of-
ten being provided by federating national
e-Infrastructures in a collaborative setting,
and the European initiatives are therefore
dependent on the existence of strong and

1
New report on European Digital Infrastructure and Data
Sovereignty. A policy perspective (2020)
https.7www.eitdigital.eu/newsroom/news/archive/
article/new-report-on-european-digital-infrastructure-
and-data-sovereignty/

2.
National Nodes - Getting organised; how far are we?
e-Infrastructure Reflection Group (2020)
http://e-irg.eu/catalogue/eirg-1006

coherent national e-Infrastructure nodes®.
To describe this ecosystem, e-IRG has intro-
duced the concept of the e-Infrastructure
Commons in its White Paper 2013°. Building
on this and other notions the concept of the
European Open Science Cloud (EOSC) has
emerged.

The EUROPEAN OPEN SCIENCE CLOUD is
an environment for hosting and process-
ing research data to support European re-
search. The EOSC gained rapidly impetus
and attention with the definition of an im-
plementation roadmap in March 20184,

The European Open Science Cloud intends
to offer to the researchers a virtual environ-
ment with open and seamless services for
storage, management, analysis and re-use
of research data, across borders and scien-
tific disciplines by federating existing Data
Infrastructures.

EOSC is being co-created in a series of proj-
ects funded by the European Commission
and initiatives from Member States (MS)
and Associated Countries (AC). The contri-
bution of MS and AC will constitute the bulk
of the resources that will be made available
by the contributing organisations and thus
their role is of fundamental importance also
in the governance of the EOSC. EU coun-

3.
e-IRG White Paper 2013. e-Infrastructure Reflection Group
(2013)
http://e-irg.eu/documents/10920/11274/e-irg-white-
paper-2013-final.pdf

4,
Implementation Roadmap for the European Open
Science Cloud. Commission Staff Working Document
(2018)

https.//ec.europa.eu/transparency/regdoc/
rep/10102/2018/EN/SWD-2018-83-F1-EN-MAIN-PART-1
PDF

CTURES

tries and countries associated with Horizon
2020, represented in the EOSC Governance
Board, agreed unanimously to run the EOSC
as a co-programmed European Partnership
under Horizon Europe from 2021.

The EOSC Association® was established as
International non-profit Association under
Belgian Law (AISBL) law on 29" July 2020
with four founding members: GEANT, CE-
SAER, CSIC and GARR. Members and Ob-
servers of the EOSC Association include
research funders, research performing or-
ganisations, Research Infrastructures, data
service providers and others. As of today
the activities of the Working Groups of the
EOSC Executive Board have produced sev-
eral important results® one of which is the
document Solutions for a Sustainable EOSC
- A FAIR Lady report from the EOSC Sus-
tainability Working Group, which explored
possible means for sustaining the EOSC
beyond its initial phase. The launch of the
European Partnership for the EOSC, in close
cooperation with the Members States and
the respective research communities was
on the 239 of June 2021. The new EOSC
European Partnership will ensure, until at
least the end of 2030, a coordinated ap-
proach from the European Commission
and the stakeholders in investments and
initiatives in the EOSC ecosystem with the
help of the Member States and Associated
Countries. An EU investment of almost €
500 million and an in-kind contribution of
the partners of also € 500 million are fore-
seen in the period 2021-2027. The aim is to
improve the storing, sharing and reusing of
research data across borders and scientific
disciplines’.

5.
EOSC Association
https:.//www.eosc.eu/

6.
Working Groups of the EOSC Executive Board
https./www.eoscsecretariat.eu/eosc-working-groups

7.
Launch ceremony of the EOSC European Partnership
https./ec.europa.eu/info/news/launch-ceremony-eosc-
european-partnership-during-ri-days-2021-2021-jun-23_en
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Since the beginning of the year 2019, five
ESFRI Cluster projects - PaNOSC, EN-
VRI-FAIR, EOSC-Life, ESCAPE, SSHOC -
have been launched to link to the European
Open Science Cloud. The five ESFRI Cluster
projects aim together to implement inter-
faces, to integrate computer and data man-
agement solutions, to create cross-border
and open cooperation spaces and to pro-
mote clouds via the EOSC portal for a larger
user community. As stakeholders of EOSC
these projects were invited to contribute
to the development and implementation
process. The overall expectation of these
projects is that EOSC will enable the acces-
sibility and re-use of research data, increase
scientific value of research data, and deliver
an interoperable environment of Data Infra-
structures. The projects expect EOSC will
bring the added values of the infrastructure
for sustainable use of research data and a
virtual research environment enabling re-
al-time collaboration between researchers
using FAIR data®.

8.
ESFRI cluster projects position papers (January 2020)
https.7www.fairsfaireu/sites/default/files/ESFRI_clusters_
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e-Infrastructures? address the needs of European researchers for digital services in terms
of networking, computing and data management, and foster the emergence of open sci-
ence as an essential block of the European Research Area (ERA). Federated, national Infra-
structures and European initiatives will benefit scientific communities by providing trusted
and open environments to store, share and re-use scientific data and results, as well as
benefit from fast connectivity, high-capacity cloud solutions, and supercomputing capa-
bility system.

Throughout the MS and AC, a large variety of data processing services are available: from
local, regional, and national services to international services. Large, international scientific
collaborations have often created their own e-Infrastructure ecosystem, for example, the
Worldwide LHC Computing Grid (WLCQ), the highly distributed data processing approach
for CERN's LHC experiments. Historically, two general classes of computation have provid-
ed data processing: High-Throughput Computing (HTC) and High-Performance Computing
(HPC). HTC systems involve running many independent tasks that require a large amount
of computing power and are optimised for large data processing tasks. HPC is commonly
used to describe super-computing facilities, which process data in parallel and are opti-
mised for a maximum number of computing operations per second. Although communities
and their use cases could be generally assigned to one of the two computing models
until around 2010, in recent years, more and more cases of heterogeneous use cases have
emerged, which require a mix of both, high-data throughput and large number of comput-
ing operations per second, and thus, demand heterogeneous systems. The separation of
the different types of computing e-Infrastructures is at least in part due to European fund-
ing strategies and organisations.

Based on a partnership model, EGl and EUDAT co-ordinate at an international level signif-
icant HTC and data services, whereas HPC centres join the ESFRI Landmark PRACE part-
nership initiative and participate in EuroHPC. The mission of PRACE is to enable high-im-
pact scientific discovery and engineering research and development across all disciplines
to enhance European competitiveness for the benefit of society. PRACE seeks to realise this
mission by offering world-class computing and data management resources and services
through a peer-review process.

The ESFRI Project SLICES is a distributed e-Infrastructure that focuses mainly on cloud
and edge computing, Internet of Things (loT) and networking/future internet. Traditionally,
the e-Infrastructures focussed on centralised High-Performance Computing, distributed
High-Throughput Computing, storage or network but it is true that dedicated e-Infrastruc-
ture on cloud and edge computing, IoT and networking has been missing in the European
Roadmap of Research Infrastructures. As the clear difference between computing, network
and storage is vanishing, the infrastructure SLICES in the Roadmap 2021 covers the gap.
Providing the research and engineering community with a fully controllable, programma-
ble virtualized Digital Infrastructure test platform distinguishes this infrastructure from more
traditional/operational infrastructures as well. SLICES will allow academics and industry to
experiment and test future, possibly long-term and disruptive Dls, essential for European
research: a holistic and comprehensive approach whereby all computing, networking, stor-
age, and loT resources can be combined to continuously design, experiment, operate, and
automate Dls full life cycle management, providing a playground for research on Future
Internet and distributed systems.

The ESFRI Project SoBigData++ (henceforth SBD++) aims to establish a European infrastruc-
ture of big data and social data mining, using new methods and implementing it in differ-

9.
Landscape of EOSC-related infrastructures and initiatives. Report from the EOSC Executive Board Working Group (WG)
landscape (2020)

https.//op.europa.eu/it/publication-detail /-/publication/cbb40bf3-f6fb-11ea-991b-Olaa/5ed71al

position_on_EOSC_jan_2020_v1pdf
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ent fields of data analysis. This is in line with
current scientific trends in machine learn-
ing and data science to promote ethically
sound and open research in large datasets
that democratizes the value of data sci-
ence. SBD++ is expecting to become the
leading RI for realizing large-scale social
mining experiments.

The ESFRI Project EBRAINS is defined as
the one-stop-shop that is offering scien-
tists and developers the most advanced
tools and services for brain research. Hu-
man Brain Project (HBP), which is one of
the FET flagship projects, is the developer
and the provider of EBRAINS. As HBP has
the internal means to create a self-con-
tained structure, it is a challenge to cre-
ate an outward looking environment and
the questions that are raised show much
this is already the case and how much ef-
fort would it need to serve groups that
are not part of the original HBP project.
The overall Digit Landscape is represented
in Figure 1.
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NETWORKING AND OTHER SERVICES

Today, each European country has a National Research and Education Network (NREN),
connecting research and higher education institutions with high-performance networks,
and offering a range of related services.

In terms of organisation and funding, the European NRENSs are diverse. Some are funded
directly from government budget; others are funded by their connected institutions. Some
are part of large organisations managing a variety of national e-Infrastructures, while others
are smaller organisations focussing on just the network. Nevertheless, they have important
similarities. AlL NRENs offer high-performance networks suited to the special needs of re-
search and education, with the headroom required for the bursts in traffic which are unique
to research and large instruments, and the capability to serve research collaborations like
ESFRI's with specialised network support.

Additionally, all European NRENSs offer critical access and identity services such as eduro-
am and eduGAIN. These trust and identity services make up the foundation of services that
allow secure access to research data, authentication to shared resources, and support for
mobility and collaboration. Many NRENSs also offer storage services, computing services,
and a range of security services.

Together, the NRENs have formed the GEANT Association, an organisation for European
collaboration in research networks and the operator of the pan-European GEANT net-
work, with connectivity to other world regions. With support from the EC during decades
of Framework Partnerships, the GEANT network has been developed into a world-leading
network, ensuring world-class connectivity to all European countries and making Europe a
leading actor in global research networking and e-Infrastructures.

Through its integrated catalogue of connectivity, collaboration and identity services,
GEANT provide users with highly reliable, unconstrained access to computing, analysis,
storage, applications and other resources, to ensure that Europe remains at the forefront of
research. GEANT interconnects 38 NREN partners, and it is the largest and most advanced
Research & Education (R&E) network in the world. GEANT connects over 50 million users
at more than 10,000 institutions across Europe and supports all scientific disciplines. The
backbone network operates at speeds of up to 500 Gbps and reaches over 100 national
networks worldwide. Since its establishment over 20 years ago, the GEANT network has
progressively developed to ensure that European researchers lead international and glob-
al collaboration. Over 1,000 terabytes of data are transferred via the GEANT IP backbone
every day.

More than just an Infrastructure for e-science, it stands as a positive example of European
integration and collaboration. GEANT develops and delivers advanced networks and asso-
ciated e-Infrastructure services. It supports open innovation, collaboration and knowledge
sharing amongst its members, partners and the wider research and education networking
community. With more than 40 partners and associates across Europe and a multi-million
euro budget, GEANT has met the challenge of complex international project management.
GEANT also provides consultancy on network-related projects. GEANT has national mem-
bers (one per state) and representative members (represent at least two legal entities of
different countries), associate (no voting rights) and the possibility of establishing working
committees. According to the most recent report: more than 80% of the universities are
connected to GEANT, with 86% of all university-level students serviced in those 40 coun-
tries; that is, a total of 25 million university students. The GEANT network reaches in excess
of 50 million users involved in Research & Education in the region. GEANT network also
offers connectivity to other world regions (AfricaConnect2, CAREN, EUMEDConnect3, EaP-
Connect, TANDEM and others).
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FIGURE 1.

The Landscape of the Data, Computing & Digital Research Infrastructures domain

DATA INFRASTRUCTURES

According to the Open Data Institute definition, “Data infrastruc-
tures consist of data assets supported by people, processes and
technology”. In the context of this report, we consider Data Infra-
structures the technical and human infrastructures, which support
management and sharing of research data. The Re3Data project
provides a global research data repository registry.

EUDAT is a Collaborative Data Infrastructure (CDI), which manag-
es data spanning from European research data centres and com-
munity data repositories. EUDAT aims to support sharing and pre-
serving data across borders and disciplines. European researchers
and practitioners from any research discipline can preserve, find,
access, and process data in a trusted environment. EUDAT offers
heterogeneous research data management services and storage

ESFRI ROADMAP 2021 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES

resources, supporting multiple research communities as well as
individuals, through a geographically distributed, resilient network
distributed across 15 European countries. Data is stored alongside
some of Europe's most powerful supercomputers. One of EUDAT's
main ambitions is to bridge the gap between Ris and e-Infrastruc-
tures through an active engagement strategy, using the commu-
nities that are in the consortium as EUDAT beacons and integrates
others through innovative partnerships. EUDAT offers common data
services, supporting multiple research communities as well as in-
dividuals, through a network of 36 European organisations. Its main
services are the following: B2DROP, B2SHARE, B2SAFE, B2STAGE,
B2FIND, B2ZHANDLE and B2ACCESS. EUDAT has a dual governance
structure. As a EU-funded project, it operates through the respec-
tive bodies found in most EU projects, i.e. as defined by its Con-
sortium Agreement. As an e-Infrastructure that provides a set of
common data services, it operates on the basis of the EUDAT CDI.




Generic and thematic service providers may join the EUDAT CDI
network by signing a specific collaboration agreement.

Scholarly communication initiatives and services are a relevant
component of the current landscape, especially for the long tail of
science. These initiatives originated from the movement to provide
open access to publications, but are now applying open access
principles to data (e.g. FAIR data) and other types of research prod-
ucts. OpenAlIRE is a key initiative in this area having started as a sup-
porting facility for Open Access (OA) policy of FP7 and H2020, and
developing a set of mechanisms to implement and monitor open
science in Europe. Services, which OpenAlRE can provide within the
EOSC, are:

= a recognised national network of 35 nodes (National Open
Access Desks), which are expert organisations offering local
support, training and policy alignment on Open Access and Re-
search Data Management (RDM);

= asuite of standards, the OpenAIRE Guidelines for Content pro-
viders, and services to allow content providers to make publi-
cations, data, software to share them in EOSC following open
and FAIR principles (more than 1000 already registered);

= aset of services to help researchers do open science;

= Zenodo - a catch-all repository;

= Argos - an actionable DMP service linked out of the box to EU
and national infrastructures;

= Amnesia - an anonymisation tool,

= the OpenAIRE Research Graph, a global contextual catalogue
of research results linked together which is the basis for intelli-
gent, Al-based discovery;

= the Open Science Observatory to monitor different aspects of
open science in Europe.

COMPUTING INFRASTRUCTURES

Computing Infrastructures typically include High-Performance
Computing optimised for high memory and CPU intensive tasks
and High-Throughput Computing optimised for tasks which can
be divided into subtasks which distributed across multiple servers;
however, Infrastructures for more specialised computing architec-
tures also exist (e.g. GPU clusters).

At the European level, there are two significant infrastructures sup-
porting HPC: the EuroHPC JU (EuroHPC Joint Undertaking, JU) and
the ESFRI Landmark PRACE.

The EuroHPC Joint Undertaking has acquired pre-exascale and
petascale supercomputers (the EuroHPC supercomputers) which
will be located at and operated by supercomputing centres (Host-
ing Entities) in the Union. Once these systems come online, the Joint
Undertaking will manage the Union's access time - from 35% up to
50% of their total capacity - of these supercomputers. From April
2021, access time will be allocated to European scientific, industrial
and public sector users, matching their demanding application re-
quirements, according to the principles stated in the EuroHPC JU
Council Regulation and the JU's Access Policy.
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The EuroHPC Joint Undertaking was established to enable the co-
ordination of efforts and the sharing of resources at European level
with the objective of deploying a world-class High-Performance
Computing Infrastructure and a competitive innovation ecosystem
in supercomputing technologies, applications and skills in Europe.
EuroHPC JU will permit the EU and participating countries to co-
ordinate their efforts and share resources with the objective of de-
ploying in Europe a world-class supercomputing Infrastructure and
a competitive innovation ecosystem in supercomputing technolo-
gies, applications and skills.

The Members of the Joint Undertaking are the following:

= the European Union, represented by the Commission;

= Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary,
Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Montene-
gro, the Netherlands, North Macedonia, Norway, Poland, Por-
tugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland
and Turkey;

= the European Technology Platform for High-Performance Com-
puting (ETP4HPC) Association and the Big Data Value Associa-
tion.

EuroHPC JU is developing a world-class supercomputing Infra-
structure and has started with the procurement and deployment
in the EU three pre-exascale supercomputers (capable of at least
1017 calculations per second) and five petascale supercomputers
(capable of at least 1015 calculations per second) that will be lo-
cated across the European Union and will be available to Europe's
private and public users, scientific and industrial users everywhere
in Europe.

The three pre-exascale supercomputers will be located at the fol-
lowing supercomputing centres:

» Lumi (Large Unified Modern Infrastructure) in CSC - IT Center
for Science, Finland

= LEONARDO (precursor to exascale supercomputers ) in CINE-
CA, ltaly

= Mare Nostrum 5 in Barcelona Supercomputing Centre, Spain

The five petascale supercomputers are located in the following
centres:

= [ZUM, Slovenia

= |T4lnnovations National Supercomputing Center, Czech Republic
= Minho Advanced Computing Centre, Portugal

= Luxprovide, Luxembourg

= Sofiatech Park, Bulgaria

The ESFRI Landmark PRACE offers a pan-European supercomput-
ing Infrastructure, providing access to computing and data man-
agement resources and services for large-scale scientific and engi-
neering applications at the highest performance level. PRACE aims
to support all scientific disciplines that need HPC to achieve high
impact discovery by offering world-class computing and data man-
agement resources and services through a centralised peer-review
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process. PRACE members provide the computer systems and op-
erations accessible through PRACE. Four hosting members - BSC
representing Spain, CINECA representing Italy, GCS representing
Germany and GENCI representing France - secured funding for the
initial period from 2010 to 2016. PRACE has 26 members, represent-
ing European Union Member States and Associated Countries.

The PRACE RI has two forms of members:

= Members - a government organisation or legal entity repre-
senting a government. The PRACE RI accepts only one mem-
ber per Member State of the European Union or an associated
country as described in article 217 of the European Union Treaty.
Further, to be eligible as a PRACE RI member the legal entity
must be responsible for the provisioning of HPC resources and
associated services.

= Hosting Members are members who have committed to fund
and deliver PRACE RI computing and data management re-
sources. There are 5 Hosting Members: France, Germany, Italy,
Spain, and Switzerland.

In 2017, PRACE has engaged in the second period of the Partner-
ship, securing the operations of the infrastructure until 2020, and
adding a fifth Hosting Member, ETH Zurich representing Switzer-
land. During this second phase, PRACE will offer an initial perfor-
mance above 62 Petaflops in 7 complementary leading-edge sys-
tems, offering a total of 4,000 million core-hours per year (75 million
node hours).

PRACE also offers training services to users, through the PRACE
Advanced Training Centre (PATC), PRACE Training Centres (PTC),
PRACE seasonal school, and through online training material, in-
cluding Massive Open Online Courses (MOOCs). Some joint training
activities are provided by PRACE and EUDAT. PRACE is also using
some services of GEANT's network e-Infrastructure to provide Eu-
ropean users access to Tier-0 systems. The PRACE project partners
received funding from the EC under the PRACE Preparatory and
Implementation Phase Projects for a total of € g7 million, comple-
mented by the consortium budget of over € 60 million. PRACE is
now in its 6th Implementation Phase Project. PRACE offers its com-
puting services to projects or entities and the services of other e-In-
frastructures (such as EOSC and GEANT).

In terms of HTC, at the European level, EGlI is a federated e-Infra-
structure initially set up in order to provide advanced computing
services for R&l using grid-computing techniques but which now
also encompassed cloud computing Infrastructures. EGI is public-
ly funded and comprises over 300 data centres and cloud provid-
ers spread across Europe and worldwide. EGI offers a wide range
of services for compute, storage, data and support. EGI has been
funded by a series of EC research projects such as DataGrid and
Enabling Grids for e-science.

EGI creates and delivers open solutions for science and Rls by
federating digital capabilities, resources and expertise between
communities and across national boundaries. Researchers from all
disciplines have easy, integrated and open access to the advanced
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scientific computing capabilities, resources and expertise needed
to collaborate and to carry out data/compute intensive science
and innovation.

Regarding the services, EGI delivers advanced computing services
to support scientists, multinational projects and RIs. The EGI ser-
vices are provided by EGI's federated cloud providers and data
centres. The services can be requested by anyone involved in aca-
demic research and businesses and they can be categorised in the
following groups: computing, storage and data, training. EGI pro-
vides access to over 700,000 logical CPUs and 500 PB of disk and
tape storage The services can be requested by anyone involved in
academic research and businesses and they can be categorised
in the following groups: computing, storage and data, training. EGI
provides access to over 700 000 logical CPUs and 500 PB of disk
and tape storage.

THEMATIC €-INFRASTRUCTURES

Ris are key elements of modern research. By providing services
to a very broad variety of users, they create a shared and collab-
orative research environment, the so-called RI ecosystem, which
has shaped big science for decades. In Europe, this includes the
creation of the European Organization for Nuclear Research (CERN)
in the mid-1950s, for particle physics research, and the European
Southern Observatory (ESO) for astronomy in the early 1960s. From
their early beginnings, both of these large Ris faced the challenge
of managing large amounts of data they produced by developing
data technologies and related policies.

Ris also had to develop schemes and processes to overcome chal-
lenges raised by the growth of the number of transnational Rls, the
increased complexity of scientific problems and societal challenges
(often requiring the collaboration of diverse user communities) and
the exponential growth of data. Data protocols, quality control and
management plans throughout the entire data lifecycle were devel-
oped along with the relevant technologies. Thematic RIs are there-
fore an indispensable and even a driving element of the EOSC data
management chain.

The importance of thematic services provided to users of an Rl
and their interoperation with generic e-Infrastructures has been
recognized by ESFRI by adding explicit attention to the develop-
ment e-Needs in the lifecycle analysis of Rls. The ESFRI Roadmap
thereby identifies the needs of the European scientific community
in terms of Research Infrastructures including e-Infrastructures.

An example of this interdependency is the collaboration between
CERN, SKAO, GEANT and PRACE, which will see the organisations
work together to help realise the full potential of the coming new
generation of HPC technology. During an initial period of 18 months,
the collaboration will develop a benchmarking test suite and a se-
ries of common pilot ‘demonstrator’ systems. The next-generation
of HPC technology offers great promise for supporting scientific re-
search. Exascale supercomputers - machines capable of perform-
ing a quintillion, or a billion billion, calculations per second - are



expected to become a reality in the next
few years. This change in the power of HPC
technology, coupled with growing use of
machine learning, will be vital in ensuring
the success of big science projects sched-
uled to come online this decade, such as
SKAO and CERN's High-Luminosity Large
Hadron Collider.

DATA, COMPUTING & DIGITAL
LANDSCAPE ANALYSIS (" pESEARCH INFRASTRUCTURES

I GAPS, CHALLENGES AND FUTURE NEEDS

Despite the tremendous progression on Digital Research Infrastructures in general and
e-Infrastructures for research in particular there is still a need for a (distributed) Research In-
frastructure, which enables top quality computer science on the development of digital in-
frastructures itself. Another interesting development related to the collaboration between
industry and publicly funded e-Infrastructures concerns GAIA-X*°. This is a project initiated
by Germany and France aiming to develop common requirements for a European Data In-
frastructure. In September 2020, 22 companies and organisations - 11 from Germany and 11
from France as founding members - established an international non-profit association un-
der Belgian law, the GAIA-X, European Association for Data and Cloud. The focus of GAIA-X
is more industry oriented while EOSC is largely composed by public research organisations.
The current collaboration opportunities and expectations between EOSC and GAIA-X are
still unclear, although there are potential commonalities: both intend to create “a federated
data infrastructure based on European values". Common ground could emerge between
GAIA-X and the next iteration of EOSC (serving industry) as described in the Fair Lady report.

The biggest challenges for the coming years will lie in further developing the EOSC con-
cept into a working ecosystem, that serves the needs of the European research commu-
nities. These challenges broadly concern two levels: i) the interplay between generic and
thematic e-Infrastructure service provisioning, and ii) the federation of institutional and na-
tional services up to the European level. Most of these challenges are organisational rather
than technical.

The initial steps should lead to what is called a Minimum Viable EOSC, consisting of an
EOSC Core, which should provide the functionality that is required to enable open science
practices to occur across domains and countries according to the EOSC interoperability
framework, the federated data and the EOSC Exchange, a digital marketplace that builds
on the EOSC-Core to offer a progressively growing set of services exploiting FAIR data and
encouraging its reuse by publicly funded researchers.

Many aspects need to be addressed among which the most important ones are: (i) imple-
mentation of this EOSC Core; (i) definition of an architecture (Hardware and Software) that
will allow to deploy new services; (iii) provide support and competences for turning to FAIR
those data that are currently not compliant but are of interest for the scientific communities;
(iv) create incentives for the researchers in making research data open and contribute to the
creation of skills and careers in Data stewardship; (v) refine the sustainability and funding of
EOSC with the correct mix of community support and business model.

10.
GAIA-X: A Federated Data Infrastructure for Europe
https./www.data-infrastructure.eu/GAIAX/Navigation/EN/Home/home.html
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A secure and cost-efficient energy supply is a

major factor for social and economic development.
Worldwide the energy sector has very high growth
rates due to rapidly rising GDP in quite a humber of
countries. However, power and heat supply for the
different sectors contribute significantly to global
CO2 emissions and have other major impacts on the

environment.

On one hand, for the medium term, the
transformation of the energy system to-
wards a climate neutral and environmen-
tally and socially compatible energy sys-
tem has been and will further be one of the
major global challenges worldwide. On the
other hand, this necessary transformation
also provides market opportunities for new
technologies both for application within and
outside of the EU.

The EU has made the underlying political
and technological objectives to one of its
major fields of activity, which is reflected
by a great number of large strategic ac-
tivities, e.g., the Green Deal that has been
launched recently. The common efforts
need persistent investments, starting from
R&D infrastructures which provide the ba-
sis for innovation.

It is expected that the energy transforma-
tion has to be achieved by more flexible,
more integrated ways of provision, con-
sumption, transport and storage of ener-
gy while at the same time promoting the
development of existing and novel energy
technologies. Energy innovation is driv-
en by a common effort from industry and
research as well as from the society. In
contrast to other, more long-term-orient-
ed fields of science, due to a high mar-
ket-pull energy research is in many ways
a highly dynamic field, with rapidly chang-
ing requirements and fast learning curves
in terms of TRL-levels - e.g. the develop-
ment of hydrogen technologies in the re-
cent years. Moreover, the complexity of
any energy system in a society leads to the
consideration not only of TRL but also of
System Readiness Level, which often does
not receive enough attention. To jointly

achieve the objectives of climate protec-
tion and economic growth, a technolo-
gy-open approach is necessary, following
different R&D pathways that lead to an in-
tegrated system with tailor-made solutions
optimally adapted to locations, consumer
needs, environmental and socio-econom-
ic requirements, as well as consideration
on material resources and their cyclic use.
Energy RIs, therefore, have to provide the
necessary flexibility and, at the same time,
offer reliable and sustainable services to
their community.

Energy Research Infrastructures (RIs) have
a major role in joining Europe's efforts to
drive forward, test and demonstrate tech-
nologies and their interplay in the future
energy system. To a great extent they are
interdisciplinary undertakings, as expertise
from Physics, Engineering, Computer Sci-
ence, Earth Sciences and other academic
fields, such as Environmental, Social and
Economy-related Sciences, have to work
together to develop and implement en-
ergy technologies and system solutions.
This is reflected by strong interactions of
the energy field with other ESFRI domains.
Especially in the highly diversified field of
energy, ESFRI RIs have the potential to
accelerate developments by leveraging
synergies for the respective technological
community. In addition, to ensure maxi-
mum impact, integration into the interna-
tional community” by adequate coopera-
tion instruments is important.

This Landscape Analysis for the Energy do-
main is divided in five main subfields:

- including
networks, transport, storage and smart cit-
ies/districts; - solar,

renewable fuels, wind, geothermal, ocean;

- energy in buildings and in industry,
Power-to-X, CCSU; -
fusion and fission; and

- materials and data, simula-
tion and modelling. For each subfield, the
Current Status will be presented, followed
by an analysis of the Gaps, Challenges and
Future Needs.

A representation of the organization of the
Energy Landscape and the portfolio of En-
ergy RIs is shown in Figure 1.

A few comments could be made. First-
ly, while it is widely recognized that the
Energy field is of paramount importance
for achieving a sustainable development
in Europe and in the world, both the to-
tal number of Ris is low and their distri-
bution indicates a lack among some of
the fields identified in the Landscape
Analysis: being a strategic document,
this should be highlighted to the ESFRI
stakeholders. Secondly, the nature of the
Ris is very diversified: some are distrib-
uted ones and can enter into operation
on a short time scale, others are single-
sited with very high investment costs and
long construction time before operation.
For example MYRRHA, which was recent-
ly assessed as having a very high scientific
value, has an operational horizon around
2035 with a cost estimate of € 1.6 billions.

1

The European Research Infrastructures in the
International Landscape (RISCAPE)

https://riscape.eu/
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JHR, MYRRHA,
IFMIF-DONES

ENERGY SYSTEMS INTEGRATION

In May 2019, the EU launched the EU Clean
Energy Package® which in itself is an inte-
gration of eight legislative acts that con-
tribute to shaping the Energy Union and
fulfilling the EU's Paris Agreement commit-
ments. This will also provide and incentivise
further significant investments in sustain-
able energy infrastructure for smart ener-
gy distribution, storage and transmission
systems. European Regional Development
Fund (ERDF) support is also available to im-
prove energy efficiency and security of sup-
ply through the development of smart en-
ergy systems?. The Clean Energy Transition
Partnership and SET-Plan under Horizon

2.

Clean energy for all Europeans package
https.//ec.europa.eu/energy/topics/energy-strategy/
clean-energy-all-europeans_en

3

Energy Plan - Smart Energy Systems
http./www.energyplan.eu/smartenergysystems/

4.
Energy Roadmap 2050, Communication from the
Commission to the European Parliament, The Council,
The European Economic and Social Committee and the
Committee of the regions, COM(2011) 855 final, 15.12.2011
https.//eur-lex.europa.eu/LexUriServ/LexUriServ.
do?uri-=-COM.2011:0885.FIN:EN:PDF

Europe Research & Innovation programme
2021-2027 and the Energy Roadmap 2050*
also highlight the expectation that fossil fu-
els will continue to have a role in European
primary energy in the foreseeable future. It
is thus of utmost importance to boost en-
ergy efficiency in concert with sustainable
use of effective energy sources and carri-
ers®. However, there is a need to research
the design, operation and integration of all
parts of the energy systems of the future
in a safe and secure manner as Europe
transitions from a traditionally centralised
system of generation to a much more dis-
tributed energy generation portfolio. This
main focus of this section is on the tech-
nical aspects of the future energy systems
and their integration. It is also important to
point out that the socio-economic and hu-
man behavioural aspects are of equal im-

5.
Energy Efficiency and its contribution to energy security
and the 2030 Framework for climate and energy policy,
Communication form the Commission to the European
Parliament and the Council, COM(2014) 520 final,
23.07.2014
https://ec.europa.eu/energy/sites/ener/files/
documents/2014_eec_communication_adopted_o.pdf
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FIGURE 1.

The Landscape of the Energy domain.

portance as the Energy Citizens rights and
entitlements are at the heart of the new EU
Clean Energy Package.

" CURRENT STATUS

ENERGY NETWORKS

The future European energy system, with
an envisaged much higher penetration of
renewables given the Member States in-
creased ambitions and requirements under
their National Energy and Climate Plans
(NECP's), needs an extremely strong inter-
play between different energy carriers such
as electricity, heating and cooling - e.g. gas
and other chemical fuels. Such a system
demands control of intermittent production
from renewable energy and variable con-
sumption of all carriers as well as energy
storage which is an important technology to
stabilize the power fluctuations and to de-
fine economically and environmentally sus-
tainable options. Smart Grid refers to a pro-
gressive evolution of the electricity network
towards “a network that can intelligently
integrate the actions of all users connected
to it - generators, energy storage facilities


https://ec.europa.eu/energy/topics/energy-strategy/clean-energy-all-europeans_en
https://ec.europa.eu/energy/topics/energy-strategy/clean-energy-all-europeans_en
http://www.energyplan.eu/smartenergysystems/
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2011:0885:FIN:EN:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2011:0885:FIN:EN:PDF
https://ec.europa.eu/energy/sites/ener/files/documents/2014_eec_communication_adopted_0.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/2014_eec_communication_adopted_0.pdf

and consumers in order to efficiently deliv-
er sustainable, economic and secure elec-
tricity supply and safety”. It is a combination
of the grid control technology, information
technology and intelligence management
of generation, transmission, distribution
and storage. Energy Management Systems
(EMSs) are vital tools to optimally manage
the interplay across the variety of systems
components, system grids and networks.
In fact, the need for new EMSs to minimize
emissions, costs, improve security at differ-
ent spatial and temporal scales is the basis
of the RIs in this field that implement the
interaction among equipment, communica-
tion protocols, simulation and control. Over
450 demonstration projects with different
Ris have been launched in Europe exploring
system operation, consumer behaviour and
new innovative technologies. As these sys-
tems evolve it will become an ever-increas-
ing requirement to also research the supply
chain demands of materials required for the
network infrastructures.

Energy Storage on different scales has a
crucial role to support energy system sta-
bility and security. The energy storage mar-
ket is starting to develop: costs have been
one of the major constraints, as well as reg-
ulatory issues, EMSs, and technology capa-
bilities. Advanced EMSs that can coordinate
distributed storage over the energy the
grids are a challenge for the development
of large scale transmission and distribution
grids and for the satisfaction of different
kinds of demands (electrical, loads, thermal
loads, etc). Ris to support the design and
evaluate grid reference architectures are
required. Demonstration and test of energy
storage at medium and large scale, includ-
ing the possibility to test completely novel
components and new materials, will give
practical information on the use and bene-
fits of the new and emerging energy stor-
age technologies and potential contribution
to key policy goals set for Europe.

The main players in the electricity/smart
grid arena are the European Network of
Transmission System Operators for Elec-
tricity (ENTSO) and the European Distribu-
tion System Operators (EDSO): they aim at
implementing a flexible electrical network
including a number of demonstrations, sim-
ilarly to the European Technology Platform
for Smart Grid. Major European universities
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have built up infrastructures beyond the
laboratory scale to operate in real case
studies.

The main strategic research agenda chal-
lenge is to be able to build and control,
through flexible and fast EMSs, an ener-
gy infrastructure which can be adapted to
a large variety of production and storage
systems - weather based energy produc-
tion, controllable plants, solid state and gas
based storage systems - from the develop-
ment of single component to a complete
complex energy system - e.g. a city level
energy system involving heat, electricity
and transport. Most smart energy network
projects have focused on enabling the
electricity system to match electrical de-
mand with the variable electricity produc-
tion of renewable sources however, these
should also look at a mix of energy carri-
ers. Therefore, future energy systems need
to develop the potential to deal with the
challenges of even more complex combi-
nations of demand, supply and distribution.
Such test systems should combine mete-
orological forecasts, energy production fa-
cilities (central and distributed), storage de-
vices and systems, end-user components,
penetration of renewable, different energy
carriers like electricity, heating/cooling and
gas including new market models. Build-
ing integrated smart energy network/stor-
age testing and demonstration infrastruc-
ture will give manufacturing companies
the possibility to test new equipment and
EMSs, power producers and network oper-
ators' new knowledge about how to operate
a future energy network that will strengthen
the competitiveness of industry. The ongo-
ing R&D activities on new storage materials
and system capacity and energy trading
tools could enable the Smart Grid/Energy
system and compare well to expensive grid
extensions or curtailment approaches. The
results of such RI will facilitate decisions on
investments connected to the transforma-
tion of the energy system for companies as
well as for public operators.

Transport accounts for over one quarter of
the EU Greenhouse Gas emissions and the
target is to reduce this by 60% by 2050. The
electrification of private transport (as that
sector is responsible for over 70% of trans-
port emissions) is starting to gain market
traction, however the roll-out is still ham-

pered by costs and some political and tech-
no-economic uncertainties around the roll-
out of charging infrastructure. More energy
efficient, low emission fuelled vehicles are
a significant part of the European Energy
System and have an important role to play
in achieving EU policy objectives of reduc-
ing energy consumption, CO2 emissions,
and pollutant emissions. The Directive on
the Promotion of Clean and Energy Efficient
Road Transport Vehicles® aims at a broad
market introduction of low emission vehi-
cles. A decarbonised energy system can
assist towards meeting the future energy
demands of the transport sector, with the
availability and reducing cost of low emis-
sion vehicles. The environmental and tech-
nical requirements in the development of
battery technology has led to the research
of new forms of electrical storage and while
there are clear signs of progress there are
still issues to overcome. Smart mobility,
multi-modal transport, low emission trans-
port and urban mobility are particular pri-
orities given the emergence of extremely
aggressive reductions in national transport
emission targets under the NECPS. The
EU Clean Energy Package also supports
investments in infrastructure for smart en-
ergy distribution, storage and transmission
systems (particularly in less developed re-
gions) and will assist the development of
new transport solutions. It is also possible to
receive EU support for low-emission trans-
port research investments under the SET
Plan aiming at promoting more sustainable
multimodal urban mobility services.

In order to make sure that these invest-
ments achieve maximum impact, particular
emphasis is placed during the 2021-2025
period on the need to ensure a sound stra-
tegic environment.

Smart Cities and Communities emphasis
has slowly advanced from energy efficien-
cy in buildings to districts and cities. When
coupled to appropriately design physical
systems, including for example transport
systems and thermal energy storage sys-
tems, Information and Communication
Technology (ICT) can contribute to effective

6.
Directive on the Promotion of Clean and Energy Efficient
Road Transport Vehicles

https.//ec.europa.eu/transport/themes/urban/vehicles/
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energy use and interactive balancing of re-
al-time energy supply and demand in cit-
ies and communities. Well-designed urban
interactive ecosystems can become smart
sustainable cities and communities that use
ICT-enabled systems and tools to tackle
complex environmental and sustainability
challenges. The EU is continuing to support
rolling out smart city lighthouse projects to
demonstrate drastic improvements and in-
teractions in urban energy (including large-
scale building renovation), transport, ICT.
This is to be firmly embedded in long-term
city planning and user participation, and to
facilitate transfer of best practices to other
cities and communities. The European In-
novation Partnership on Smart Cities and
Communities (EIP-SCC)” aims to promote
integrated solutions leading to sustainabili-
ty and a higher quality of life. The EERA Joint
Programme on Smart Cities contributes to
this purpose with new scientific methods,
concepts and tools. Projects and umbrella
networks are established to improve learn-
ing between and from these pilot projects.
A mapping and analysis of Smart Cities in
the EU was published by the EU Director-
ate-General for Internal Policies in 2014°
also defining and benchmarking smart cit-
ies. Smart Cities can leverage the work of
existing EU policy and programmes (e.g.
CONCERTO, CIVITAS, Covenant of Mayors,
future internet and Smarter Travel, among
others) and major European initiatives such
as EU Smart Cities Information System?,
Eurocities® or European Network of Living
Labs (ENoLL)**. Shared access to data, with
a specific challenge-focused approach, is
an attractive proposition for researchers
and assist urban decision makers.

7.
European Innovation Partnership on Smart Cities and
Communities (EIP-SCC)
http.//ec.europa.eu/eip/smartcities/index_en.htm

8.
Mapping Smart Cities in the EU
http.2/www.europarl.europa.eu/RegData/etudes/etudes/
Jjoin/2014/507480/IPOL-ITRE_ET(2014)507480_EN.pdf

9.
EU Smart Cities Information System
https.//smartcities-infosystem.eu/

10.
Eurocities
http:/www.eurocities.eu/

11
European Network of Living Labs (ENoLL)
http:7/www.openlivinglabs.eu/
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GAPS, CHALLENGES AND FUTURE NEEDS

Some research gaps have been identified: improving decision support tools and their data
requirements; definition of key performance indicators; smart strategies for “resource on
demand" implementation including energy storage; real time knowledge of city param-
eters; common data repositories; optimization and control structures to integrate energy
systems in smart cities; improved design, installation and control of urban energy systems.
European RD&l can take a global lead on integration of smart (energy and communica-
tion) technologies in existing urban environments, adaptable to specific needs of users and
communities. A wide variety of European cities have committed themselves to become
urban laboratories to test, iterate and optimise these solutions and processes.

The main gap is in the design reference architectures and modelling tools for wide scale
flexible energy grid control systems that involve different kinds of energy and relate to the
local scale (distributed -generation and low voltage grids). These grids will have to be able
to deal with the combination of all use cases, including incentives to grid operators and
electricity retailers in a liberalized market model whereby competing economical players
work in parallel and operate commercial ICT systems to control a common grid infrastruc-
ture. Another gap is in the research into transactional arrangements and the testing of en-
abling economic systems such as blockchain for secure energy trading across multiple
platforms that are resistant to cyber security threats. Alongside the electricity network gaps
mentioned above there are also gaps in the provision of cost effective large scale energy
storage via heat, chemical and physical storage solutions.

The focus on the need for low emission vehicles and the standardisation of testing of large
scale impact is still a gap that needs to be filled. While the commercial vehicle developers
are developing the vehicles, there is a lack of understanding on the impact and integration
of large-scale electrification of transport on the grid as both an energy demand manage-
ment enabler (e.g. vehicle to grid, storage system integration and other forms of balanc-
ing loads and managing demand across heat, electricity and transport systems) and other
distributed storage systems as elements of not just the smart micro grid bus also of the
broader energy systems. As the pace of development of electric and autonomous vehicles
is picking, it will be important to have Rls to enable researchers to study the legal frame-
works as well as the physical infrastructure within which these will operate.

There are still no dedicated Smart Energy City or Community test-bed related Rls in the
ESFRI Roadmap. A solution linked to smart cities/communities initiatives could prove to
be particularly pertinent and provide a strong business case for aiding future city and com-
munity designs. The same applies for Fuel Cell and Hydrogen (FCH), as the maturity of the
technologies requires RIs to comply with the applied research requirements in line with in-
dustry's needs, including system testing and validation. We stress the important role of ICT,
as this will be crucial in several important ways. Data protocols for sharing high volumes of
information, attention to data privacy matters and a vision on how ICT will enable the future
designs in urban form are all needed.
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Levelised cost of energy (LCOE) have dropped considerably over
the last couple of years for renewable energy. This specifically holds
for wind and solar photovoltaic (PV), due to the development of new
and more efficient concepts (research) as well as economy of scale
effects due to the rapid increase of deployment. For all renewable
options, including solar PV and wind which have already a substantial
market penetration, further massive cost reductions can be achieved
through development of new concepts - i.e. tandem solar cells, PV
printing technologies, 15 MW turbines. Deployment related barriers
such as integration into the energy system, ranging from electric in-
tegration to esthetical integration, are of increasing relevance. New
concepts require long-term research and state-of-the-art Rl and
substantial synergies can be obtained in sharing them.

CURRENT STATUS

Joint Research Programmes such as the EERA Joint Programme on
Photovoltaic (EERA JP-PV) as well as the European Perovskite Initiative
for solar cells aim to optimize the use of RIs and contribute to improv-
ing EU research and competitiveness of European industry. Europe's
competitive edge rests on the excellent knowledge base of its re-
searchers and engineers along with the existing operating infrastruc-
tures. Given the increasingly competitive environment, without steady
and reliable R&D funding, this advantage is at risk.

The rapid cost reduction of solar PV has continued and the deploy-
ment pace has further increased. Deployment related aspects, such
as integration in the electricity system, circularity, visual integration as
well as multiple use of space are becoming important barriers. The
drop in LCOE offers the opportunity to develop and implement new
concepts addressing these barriers that are or can become cost com-
petitive. Mass customization, where PV products are tailored specifi-
cally to the end-use conditions, is expected to become the dominant
way of application in the mid-term. This offers a huge potential to build
up the full industrial value chain in Europe again, replacing the uniform
mass produced modules that are yet imported. Although the LCOE
for solar PV has dropped rapidly, still a substantial potential for cost
reduction exist e.g. by increasing the efficiency through tandem solar
cells. This requires substantial R&D efforts focusing on new concepts
beyond incremental improvements.

The key advantage of renewable fuels obtained from renewable
resources resides in that their exploitation does not consume the
available stock. Yet, they are often seen only as a way to supply
decarbonised fuels. Biofuels produced directly from a biomass
feedstock such as ethanol (from sugar-rich or lignocellulose-rich
biomass), bio-diesel (from vegetable oil) or methane (from bio di-
gestion of biological wastes) are nowadays a mature technology
heavily used in the everyday life of European citizens (e.g. for fuel-
ling cars). The transformation of solid raw biomass into more stan-
dard fuels such as char coal or pellets is also considered as biofu-
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els but mainly dedicated to the production of electricity in thermal
power plants or for supplying heating to dwellings. This usage has
seen an increasing interest the last decades, yet operational diffi-
culties to ensure constant supply of biofuels or to control pollutant
emissions and combustion conditions has limited the development
of this energy vector. Further sustainable development of renew-
able fuels could be achieved through gasification of biomass into
a synthesis gas that can be burnt in thermal engines modified ac-
cordingly. Renewable fuels can also be obtained by hydrolysis of
water through electricity generated by renewable resources. To
overcome the issues related to storage and transport, hydrogen
can be introduced in different liquid or gaseous fuels (e.g. to gen-
erate ammonia, bio-methane or methanol) thus benefiting from an
existing distribution network. There is a strong connection between
renewable fuels and Power-to-X where the energy supply from
biomass and renewable production are all merged into one single
standardised fuel. Renewable fuels provide a unique way to supply
standard fuels supplied from renewable resources and able to re-
place fossil fuels.

Concentrated Solar Power (CSP) works by focusing incoming solar
energy, producing heat, which can then be directly used to gen-
erate electricity or for some other purpose, or stored for later use.
Significant concentrated solar power facilities were constructed in
several European countries, propelling Europe to an early techno-
logical lead. These facilities are not only in the south but also, for
example, in Germany and Denmark. CSP research and research
collaboration is well established in Europe, not least through the
ESFRI Landmark EU-SOLARIS. After a period of rapid European
expansion of CSP production from about 2007 until 2013, generally
reduced energy costs and increasing competition from photovol-
taics led to lower rates of growth than had been envisaged, espe-
cially in Europe.

The possibilities for direct industrial use of heat and especially the
implicit storage potential of CSP provide major advantages com-
pared to photovoltaics, e.g. by allowing electricity production, in
practice for a number of hours, when there is no incoming solar
energy. As the proportion of non-dispatchable generation such as
wind and photovoltaics in the grid system grows, the price premi-
um for semi-dispatchable production will increase, possibly making
CSP again more competitive. Future CSP research should therefore
consider both unit costs for CSP production and CSP's possible
future roles in the electricity and industrial systems in Europe and
globally.

Many initiatives coordinate the research activities in Europe: the Eu-
ropean Wind Industrial Initiative (EWII) and EERA Joint Programme
on Wind energy, European Technology and Innovation Platform on
Wind Energy (ETIPWind) driven by the European wind energy indus-
try and coordinated by the European Wind Energy Association, and
the European Academy of Wind Energy. Upscaling of wind turbines
is seen as one of the major pathways to reduce the LCOE of wind
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energy. It was expected that beyond a cer-
tain power, radical new concepts and new
materials were needed. However, over the
years the size and power of wind turbines
have increased through incremental innova-
tion. These innovations combined with large
scale manufacturing have led to a rapid drop
in LCOE and increase in deployment.

As holds for solar PV, deployment relat-
ed aspects, such as environmental impact
on marine life as well as birds and bats,
circularity, visual aspects and specifically
integration in the electricity grid, are now
becoming important barriers. The potential
for a further cost-effective decrease of the
LCOE is huge, though substantial R&D ef-
forts are required to harvest this potential.
The share of offshore wind has increased
rapidly over the last five years, however
using specifically the potential offered by
shallow waters. In order to harvest the huge
potential for floating wind, substantial R&D
efforts are still needed. On top of the ex-
isting RIs on wind turbine test fields, com-
ponent test facilities, materials testing and
wind tunnels, new facilities are required -
e.g. on system integration and floating wind.

While high temperature geothermal energy
for electricity production in magmatic geo-
logical areas is well established, possibili-
ties that may radically enhance production,
such as use of deep superheated fluids,
are being actively investigated. A number
of major initiatives investigating Enhanced
Geothermal Systems (EGS) are ongoing in
Europe, including Finland, Germany, France,
Switzerland and other countries. In EGS, the
permeability of the deep subsurface is in-
creased using hydro-fracturing and other
methods, potentially allowing major geo-
thermal production almost anywhere. Geo-
thermal energy for heat and cold extraction
and storage is an increasingly important
component in the energy balance of build-
ings and major facilities are now in use or
under construction in several countries.

A number of major challenges need to be
addressed if the vast potential of geother-
mal energy production and storage is to be
fully developed, including testing of engi-
neering materials, drilling and stimulation
(hydrofracturing) technologies including
modelling and assessments of geome-
chanics and induced seismicity, and reser-

LANDSCAPE ANALYSIS

voir assessment and management, includ-
ing, for example, co-use for geothermal
and other purposes of space beneath large
cities. Many relevant major research institu-
tions are involved in the ongoing EERA Joint
Program on Geothermal Energy.

The recently launched EU Strategy™® to
harness the potential of offshore renewable
energy for a climate neutral future provides
a clear signal of commitment to the sec-
tor and a realisation that there is a need to
use new renewable technologies including
Ocean (Wave, Tidal and Floating wind) as
well as grow offshore wind. The most rele-
vant EU initiatives are: Clean Energy Transi-
tion SET Plan (including Ocean Energy) and
European Technology and Innovation Plat-
form and EERA Joint Programme on Ocean
Energy (10 institutions from 8 EU countries);
EU-OEA (80 members); OCEANERA-NET
with EU research organizations from g
countries; MARINET2 network with 57 test-
ing facilities at 38 research organisations
from 13 countries and the intergovernmen-
tal collaboration Ocean Energy Systems
Technology Collaboration Programme OES
with 21 countries.

The EU Strategy goal is to install 60 GW of
offshore wind and at least 1 GW of ocean
energy by 2030 and to reach 300 GW of
offshore wind and 40 GW of ocean energy
by 2050. However, many systems have not
been tested yet under real operation condi-
tions and need to undergo final long-term
reliability testing before being commercial-
ly deployed at scale in harsh environments.
There is widespread international interest in
ocean energy and it is particularly high in
Australia, Asia, US and South America. Cur-
rently there are a small number of ocean
energy systems installed on the global lev-
el. Europe has global leadership in ocean
energy technologies and industrial know-
how™*3.

12,

An EU Strategy to harness the potential of offshore
renewable energy for a climate neutral future -
Communication from the Commission to the European
Parliament, the Council, the European Economic and
Social Committee and the Committee of the regions (2020)

https://ec.europa.eu/energy/sites/ener/files/offshore_
renewable_energy_strategy.pdf

13.

Technology Market Report Ocean Energy, JRC117349
JRC (2019)

Facts and figures on Offshore Renewable Energy Sources
in Europe, JRC121366 JRC (2020)
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GAPS, CHALLENGES
AND FUTURE NEEDS

In , it is
important to establish a long-term Euro-
pean cooperation in the PV R&D sector, by
sharing knowledge, organizing workshops,
exchanging and training researchers to ac-
celerate the implementation of innovative
technologies in the European PV industry.
Furthermore, it will be needed to install rel-
evant pilot production lines to demonstrate
these novel technologies and to bring back
commercial manufacturing in Europe.

Rl is needed for advancements in produc-
tion of , biomass upgrading as
part of optimized logistics concepts, hydro-
gen production based on gasification with
reforming, efficient cultivation systems for
third generation biofuels sources and sys-
tem integration schemes between different
sources and with the grid.

The challenge of maintaining a stable
grid system including a large volume of
non-dispatchable renewables (largely wind
and solar) is very large, in a future scenario
without fossil fuels, and

can in principle contribute
to here, even on longer time scales - given
sufficient economies of scale in the thermal
storage. Lack of standardization is seen as
an obstacle to rapid cost reduction and
definitive deployment of the Concentrated
Solar Power sector.
Concerning , better coor-
dination of EU RIs should create the con-
ditions for the long-term development. On
top of the existing Rls, there is a need for
new multi-actor facilities — especially in
the field of integration of wind energy into
the energy system as well as for floating
offshore wind, which is expected to play a
dominant role in harvesting the world-wide
potential of wind energy.

The development of new

technologies can be expensive
and projects may be high-risk in the sense
that commercial success is not guaranteed.
Therefore, society cannot rely only on com-
mercial initiatives, and public R&D support
is often necessary. A coordinated trans-Eu-
ropean initiative to co-exploit existing and
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new geothermal test sites would appear
to be strongly motivated. Such an initiative
would naturally link to and significantly en-
hance existing ESFRI initiatives such as the
ESFRI Landmark EPOS ERIC (ENV).

In , the establishment of
an integrated network of testing facilities
is very important, including full scale sites
for testing of single units under real opera-
tion conditions, as well as up-scaling to the
array level (MARINET2, Foresea). There is a
need for technical de-risking through the
development and implementation of best
practices, quality metrics and standards
(MaRINET2, Marinerg-i). Increased joint
development activity across the test infra-
structure community is required to address
the technical barriers and deliver viable
devices to the market (see for example the
ESFRI Project MARINERG-i).
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Seeking enhanced efficiency in energy production (actually, harvesting energy from the
natural environment), conversion and use is an important and viable aim, even though it is
likely that this will not lead to total reductions in energy use as long as the benefits of using
more energy will be considered to outweigh costs, including environmental costs. Espe-
cially because of the increase in intermittent energy production from renewable sources,
energy efficiency is in practice increasingly and intimately related to energy systems inte-
gration, and a systems perspective on efficiency is central. This can relate to the capacity
factor of wind turbines and the source of electricity during low-wind periods, the use of
relatively small-scale thermal storage functions in buildings to buffer variations in electric-
ity production, or to a systems assessment where the true (energy) costs of improved new
buildings or renovations is weighed against the potential energy savings. In the broader
picture, it is often the true total system of costs and savings to society which should be in
focus, not the energy producer's or consumer's perspective, which may be strongly affect-
ed by taxes and subsidies. It is likely that significant new Research Infrastructures will be
necessary to optimally approach these challenges. As the future system is constructed, it
is vital that it can reliably and securely supply the necessary base-load power at all times

and at reasonable cost.

CURRENT STATUS

Energy use during the lifecycle of buildings
has impact on both total energy efficiency
and emissions, and should be considered.
For example, concrete production leads to
significant CO2 release. Building design can
increase energy efficiency and decrease
CO2 emissions by, for example, allowing
future flexibility of use, avoiding energy-ex-
pensive constructions that reduce energy
consumption during the use but are glob-
ally energy-ineffective, smart energy-use
control systems, and suitable choices of
materials. Also, area planning may indi-
rectly contribute to reduced environmental
impact through - e.g. effects on micro-cli-
mate and on patterns of human behaviour.
The designs also need to consider possible
future changes in climate and human ac-
tivities for the envisaged lifetime of each
construction. Neighbourhood heating and
cooling systems, including major thermal
reservoirs, may have an increasingly im-
portant role in contributing to energy ef-
ficiency and assisting in balancing future
energy systems with significant amount of
electricity from non-dispatchable sources.

Energy use for buildings is significant and
deserves serious consideration: climatic
and other conditions are very different in
different parts of Europe, some relevant
technologies are evolving, and patterns of

human behaviour may change consider-
ably in the coming decades. It follows that
various research and demonstration infra-
structures of different types and in different
places will be important. The complexity
and high costs of some relevant infrastruc-
tures implies that effective pan-European
coordination is imperative.

Several concepts mentioned above regard-
ing buildings and the need for a systems per-
spective are also relevant for industry, which
is a major consumer of energy. In addition,
there are major possibilities for improved en-
ergy efficiency and/or reduced greenhouse
emissions from many industrial processes,
as well as for better use of some industrial
waste products. Further automation, in tra-
ditional and new forms, computer-based
modelling, and connectivity will continue
to affect industrial production significantly,
especially with increased ambitions regard-
ing energy and materials efficiency, waste
reduction, product quality and lifetime, and
recycling.

Energy reserves (fossil fuels and others)
are used in industry not only for energy but
also, sometimes simultaneously, as feed-
stock or chemical reagents, for example for
production of plastics, iron and cement. In
such production, fossil-based hydrogen as
reducing agent could be replaced by, for in-
stance, hydrogen produced using electricity
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from renewable resources. Various major re-
search and pilot projects are now ongoing in
Europe, e.g. in the steel industry™4.

The European financing system should allow
major public investment in research as well
as pilot and demonstration plants which,
while very important, may also be very ex-
pensive and in the “grey zone" between re-
search and implementation. The high costs
often involved mean that new insights and
solutions developed in different European
countries should be effectively spread.

Because electricity supply and demand
must match instantaneously, an electricity
system heavily reliant on non-dispatchable
electricity production from renewables will
only be viable if there are effective compo-
nents in the system ensuring that supply
and demand balance. The most significant
such component is likely to be electricity
storage. Batteries are an unlikely solution
since the volumes of storage achievable
based on current lead- and lithium-based
technologies is not sufficient. An alterna-
tive form of chemical storage of surplus
electrical energy, for example in the form
of hydrogen, appears to be fundamentally
necessary, to be reconverted to electricity
when necessary (“Power to x to power" or
"P2X2P"). Considering the low recovery ef-
ficiency (about 30%) for electricity, the en-
ergy-carrying chemicals produced from
surplus power may become important in
the transport and industrial sectors, for ex-
ample replacing fossil fuels in transport and
in industrial processes.

If Europe's future energy system is to be
dominated by electricity production from
intermittent renewables - as opposed to
other low emission technologies such as
nuclear, geothermal or CCS - major invest-
ments in new research, pilot and demon-
stration plants for P2X, and later X2P, will
be necessary. Many such initiatives are on-
going or planned, but significant improve-
ments in efficiency and costs are necessary.
Research on a broad front, from materials
science to large scale energy systems ap-
pears necessary. The need for improved
relevant technologies is clearly recognised
in current EU policies.

14.
Hybrit, Fossil-free steel
https.7www.hybritdevelopment.se/en/
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In Carbon Capture and Storage (CCS), car-
bon dioxide from some industrial process -
e.g. electricity production from coal, or steel
production - is separated from the exhaust
of the plant, transported, and deposited in
some suitable geological formation, where
it is expected to remain indefinitely. CCS is
today only viable for large, stationary facil-
ities such as power plants. CCS will reduce
total emissions irrespective of the origin of
the captured carbon, e.g. from biomass, ce-
ment production or fossil fuel. It is possible
that emission reductions achievable in this
manner may in the future outperform many
other emission reduction strategies, both in
terms of cost and in terms of practically via-
ble speed of large-scale implementation. In
the Carbon Capture, Storage and Utilisation
(CCSU) concept, some or all of the carbon is
to be used or utilized as feedstock to some
process. For instance, methane or some
other hydrocarbon to be used as fuel or for
some non-energy product could be pro-
duced by combining hydrogen with carbon
from the carbon dioxide.

CCS is not a new concept, and projects
that have been running for many years,
including the ESFRI Landmark ECCSEL
ERIC, demonstrate there is no doubt that
large quantities of carbon can be captured,
transported and stored. Costs are currently
dominated by initial capture and have been
relatively high. However, as sources of feed-
stock to the chemicals industry will contin-
ue to be necessary, CCS costs are likely to
decrease as technology evolves, and the
cost-premium of dispatchable electricity
sources may increase considerably with in-
creasing dependence on non-dispatchable
renewables. There seems little doubt that if
the EU and the world wish to reduce CO2
emissions significantly and on a relatively
short time scale, then CCS should be con-
sidered and supported much more than is
currently the case, a view supported for ex-
ample by the IEA*®. This implies that major
investments in research, pilot and demon-
stration plants, as well as large-scale imple-
mentation are strongly motivated.

15.
IEA
https./www.iea.org/fuels-and-technologies/carbon-

capture-utilisation-and-storage
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GAPS, CHALLENGES
AND FUTURE NEEDS

Energy research may have been too heavily
focused on single components, rather than
on the analysis of complex energy systems
where the different elements interact. Re-
search Infrastructures investigating sys-
tems in practical use would be of significant
benefit. One example of this is the use of
and the supply of
energy from buildings. The latter may relate
to production of electricity, for example, or
to exploiting the thermal storage potential
of buildings to facilitate the use of intermit-
tent electricity production from renewable
sources. Similarly, projects related to the
use of waste products from industry for en-
ergy production, as well as for improved ef-
ficiency and savings, have significant poten-
tial. Realizing such potentials may demand
research Infrastructure initiatives, leading
into pilot and demonstration activities on
commercial scale.
addresses core research
questions on electrolysis and plas-
ma-chemical conversion, including catal-
ysis, materials, membranes and efficiency
on one hand, and the synthesis of fuels
and base chemicals on the other hand. For
P2X processes to be a major component
in the future energy system, they must be
adequately energy efficient and cost ef-
ficient. Major investments, from research
to pilot and demonstration plants, will be
necessary to achieve this, with R&D tasks
ranging from basic research to questions
of up-scaling towards demonstration of
large plants combining production and
use. Local infrastructures and expertise in
electro-chemical and plasma-chemical
conversion, physical separation of gases
and chemical synthesis need to be com-
bined and developed on European scale
for creating efficient and effective integrat-
ed P2X solutions. This gap could be filled
by an ESFRI distributed RI bringing together
resources and testing facilities of Europe-
an industries as well as governmental and
non-governmental organizations.

It remains unclear if large-scale

will become an important
part of the energy system, but there is a
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possibility that this is the case. Therefore,
further major investments in relevant Re-
search Infrastructure should be considered
among the topics mentioned above.

Worldwide electricity consumption is constantly increasing, regardless of progress in ef-
ficiency of transmission or reduction of energy needs in industry. Even though the global
role of nuclear energy is decreasing in the electricity mix, it continues to have an important
share: from 2000 to 201916 the worldwide percentage of nuclear electricity dropped from
14.6% to 10.4%, while the total electricity increased by 75% and the nuclear electricity pro-
duction increased by 8.7%.

The strategic objectives in nuclear energy are safety aspects, spent fuel and high-level
waste management and disposal, developing next generation reactors with more efficient
fuel use (less waste), preparing the experimental phase of ITER, and continuing the engi-
neering design of a fusion DEMOnstration reactor.

CURRENT STATUS

Nuclear fission plays an important role to provide a stable, base load electricity in the EU
(about 25% in 2018"). The main strategic objectives are safety aspects and long-term waste
disposal. In the field of Accelerator Driven Systems which could be used for transmutation
of long-lived actinides, a staged approach was adopted by MYRRHA, leading to the full
realisation of the facility by 2036. MYRRHA is part of an overall approach18 - Partitioning &
Transmutation (P&T) - to reduce the amount of waste that requires geological repository.
Moreover, by recycling and reusing the fissile materials and minor actinides contained in
the spent fuel, P&T decreases the need of fresh raw materials. While recognizing the high
scientific value of the project, the Forum decided not to award to MYRRHA the status of
Landmark in 2021, expecting in the next few years a stronger case for implementation, es-
pecially since the creation of an AISBL - International non-profit Association under Belgian
Law - in September 2021. While the approach rests on the two legs, Partitioning and Trans-
mutation, the field of Partitioning™® is more mature. Therefore, the MYRRHA infrastructure,
the scientific quality of which was fully recognized by the SWG evaluation, is needed in
closing the fuel cycle as an approach to the problem of radioactive waste.

In many countries, lifetime extensions of existing Nuclear Power Plants (NPPs) need ex-
periments on materials under ionising radiation. Here, the ESFRI Landmark JHR plays a
significant role. High-performance computing (HPC) of material properties is also needed,
which has great potential for a cross-fertilisation with other materials science in general
and, in particular, in the field of nuclear fusion (see below).

In view of the ageing of NPPs, as well as the nuclear phase-out by some, decommissioning
and radioactive waste management - with the related safety, economic and environmental
aspects - are increasing in European, and several countries are accumulating experience.
This is a field that, in the future, could benefit from a dedicated RI.

18.
Hamid Ait Abderrahim et al. Partitioning and
transmutation contribution of MYRRHA to an EU

strategy for HL\W management and main achievements

16.
Statistical Review of World Energy
https.//www.bp.com/en/global/corporate/energy-
economics/statistical-review-of-world-energy.html

17.

Nuclear Power in the European Union - World Nuclear
Association
https./www.world-nuclear.org/information-library/
country-profiles/others/european-union.aspx

of MYRRHA related FP7 and H2020 projects: MYRTE
MARISA, MAXSIMA, SEARCH, MAX, FREYA, ARCA. EPJ
Nuclear Sci. Technol. 6, 33 (2020)
https./www.epj-n.org/articles/epjn/pdf/2020/01/
epjn190057 pdf

19.

e.g. partitioning of spent fuel from the Experimental
Breeder Reactor was performed at Idaho National
Laboratory using pyro-processing method
https.//inldigitallibrary.inl.gov/sites/sti/sti/5411188 pdf
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In the Sustainable Nuclear Energy Technology Platform (SNETP)Z°,

within its ESNII branch, the use of process heat and cogeneration are
relevant topics (NC2l branch). Therefore, the GEMINI initiative®* was
dedicated to this topic. Small Modular Reactors (SMR), delivering up
to about 300 MWe, are a new field of development®*. Besides im-
proved safety features, SMR are getting serious attention for district
heating, where a major impact on CO2 emissions can be expected??.
Hydrogen production is another subject of R&D, with an interconnec-
tion with Concentrating Solar Power. This is clearly a development
with great potential for new business opportunities for the nuclear
industry. The role of nuclear energy is greatly affected by public per-
ception of related risks and benefits. Therefore, more cooperation
with Social Sciences is needed, offering a clear interconnection with
this other ESFRI domain.

Therefore, it can be seen how the fission field can give a contribution
to the goals of CO2 emissions reduction. Moreover, it has clear in-
terconnections with HPC and material studies, as well as with Social
Sciences, features that it shares with the fusion field.

The European fusion programme?* has two main objectives, to pre-
pare for the successful operation of ITER?5, the first fusion device to
create net energy, and to design the first power-producing facility,
so-called DEMO, scheduled to be operational by the mid of the 215
century. Construction of ITER is in full speed, with a first plasma by
2025 and the D-T operation by the end of 2035. In addition, EURO-
fusion coordinates the use of all the main European fusion research
facilities.

Within EUROfusion, two different reactor concepts are explored:
tokamaks and stellarators. The tokamak-line of research has in the
past produced superior plasmas and, thus, five tokamaks?® are cur-
rently in operation. The JET tokamak in the UK, the only one with the
ability to operate with D-T mixture and, thus, pivotal in the scientific
preparation of ITER, will remain at disposal of the EU community,
as the UK will stay in Euratom. In the framework of the Broader Ap-

20:
Sustainable Nuclear Energy Technology Platform (SNETP)
https.//snetp.eu/

21.
Gemini Initiative
http:/www.gemini-initiative.com/

22:
Exelon completes SMR feasibility study for Polish programme - World Nuclear News
https:7www.world-nuclear-news.org/Articles/Exelon-completes-SMR-feasibility-study-for-Polish

23.
Good riddance to fossil fuels! VTT develops a Small Modular Reactor for district heating
https./www.vttresearch.com/en/news-and-ideas/good-riddance-fossil-fuels-vtt-
develops-small-modular-reactor-district-heating

24
The EUROfusion programme - EUROfusion
https./www.euro-fusion.org/programme/

25.
ITER
https.7www.iterorg

26.
ASDEX-Upgrade (Max Planck institute, Garching, Germany), JET and MAST (CCFE,
Culham, UK), TCV (EPFL, Lausanne, Switzerland) and WEST (CEA, Cadarache, France)

27.
The Broader Approach agreement between Japan and EURATOM covers many other
activities

https./www.ba-fusion.org/ba/
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proach (BA) Agreement®’, EU and Japan have completed the con-
struction of JT-60SA%%, a superconducting JET size tokamak with
some novel technologies (e.g. the 500 keV negative neutral beam).
It will be jointly exploited starting this year and will contribute to the
many key physics issues of interest for ITER. In addition, to study the
crucial issue of power and particle exhaust in a reactor, a dedicated
device, the Divertor Tokamak Test (DTT)*? facility will be construct-
ed in Frascati, Italy, with first experimental plasma expected in 2026.
EU is hosting and exploiting jointly with ITER the Neutral Beam Test
Facility (NBTF) in Padua, Italy>°.

The stellarators are attractive since they have intrinsically a steady
state plasma. However, the confinement properties of stellarators
have been inferior to those in tokamaks. HPC optimization of the
magnetic configuration led to the construction of the Wendelstein
7-X (W7-X)3* stellarator in Greifswald (Max Planck institute for Plas-
ma Physics). The first experimental campaigns, started in 2016, have
even exceeded many of the initial goals, sparking hopes. Thus, even
in the DEMO design, the option for a stellarator device is kept open.

The ongoing EUROfusion in Horizon Europe (2021-2025) has a
strong component on the DEMO design with two main goals: i) to
produce a substantial amount of electricity, and ii) to be self-suf-
ficient in tritium3?. For the operation of ITER, a flight simulator is
under preparation. A strong emphasis is on theoretical/numerical
work for extrapolation to DEMO through the E-TASC initiative (EU-
ROfusion Theory and Advanced Simulation Coordination), opening
up new possibilities for fusion plasma simulation and for related
materials science.

A fusion reactor requires materials that tolerate neutron irradiation.
Within the BA, commissioning of the first components of the neu-
tron source prototype IFMIF-EVEDA LIPAc installed in Rokkasho,
Japan is under way?*3. The EUROfusion programme supports IFMIF
and proposes the ESFRI Project IFMIF-DONES as an interim step.

Therefore, the fusion program is based on an international collab-
oration and competition, involving several countries outside of the
EU, and is based on a solid roadmap with well-defined objectives
and clear interconnections with HPC and material studies.

Materials research is the most prominent common topic to fission

28.
Advanced Superconducting Tomawak JT-60SA
https../www,jt6osa.org

29.
DTT DIVERTOR TOKAMAK TEST facility
https./www.dtt-project.it/

30:
Neutral Beam Test Facility (NBTF)
https./www.iter.org/construction/NBTF

31
\¥endelstein 7-X
https./www.ipp.mpg.de/w7x

32.
Tritium, a « fuel » of the fusion reactor does not exist in nature and must be produced by
the fusion reactor itself, if one considers an industrial deployment of fusion electricity.

33.
IFMIF/EVIDA
https./www.ifmif.org/
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and fusion. For fission it is a key element
for the prolongation of NPP operation. For
fusion, it is crucial for the construction of
a fusion reactor. The field of experimental
investigation and numerical simulation are
cross-cutting fields, while another is the
development of accelerators to be used in
ADS for fission and in a neutron source for
fusion material irradiation. Both fusion and
fission need to involve specialists in Social
Sciences and Humanities to create good
contacts and paths of communication with
society. Collaboration with social sciences
is important to understand the public opin-
ion towards a highly complex and emotion-
al topic such as nuclear energy. The role of
nuclear power in transitioning from the fos-
sil fuels should be analyzed by socio-eco-
nomic approaches combined with techno-
logical ones.

GAPS, CHALLENGES
AND FUTURE NEEDS

Several gaps have been identified: i) de-
commissioning and waste disposal of ag-
ing NPPs would benefit from a dedicated
RI; i) experimental effort on SMR should be
intensified; iii) for fusion, the issue of mate-
rial development requires to go from the
Preparatory Phase to the Implementation
Phase of the ESFRI Project IFMIF-DONES.
A clear future need concerns disposal of
nuclear waste produced in power plants.
This concerns both countries abandoning
and countries continuing with nuclear pow-
er. So far only Finland is constructing geo-
logical deposition, and there is an obvious
need for reducing the amount of long-term
radioactive waste EU-wide. The MYRRHA
infrastructure could address this need but,
at the time of writing of this report, is still
working to procure the necessary financial
commitments from additional partners for
its full implementation.

In general, it may be advantageous for the
EU to enhance international cooperation
and to make a stronger effort to attract pri-
vate financial resources into energy R&D&.

Research on nuclear energy for deep
space exploration is another sector worth
of consideration for the EU. So are various
applications of nuclear technologies with
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cross-cutting aspects with PSE, like for instance antineutrino detectors sensitive to reactor
power and fuel changes.

While the role of renewable sources will be crucial in the long-term, during the transition pe-
riod it will be necessary to support a broad range of R&D&I covering different ways of energy
production including nuclear.

As research on nuclear energy is linked to national policies on the use of nuclear generated
electricity, the above considerations of the research goals in this area do not engage, in any
ways, national financial or political commitments.

Energy sector is very broad and covers many areas of Research, Development and Innova-
tion (R&D&I) and has crucial impact on society, industrial production, buildings, mobility and
environment. R&D&I in the energy sector is closely connected with several research areas
and more and more with bioeconomy and biotechnologies. For purpose of Roadmap 2021
three general cross-sectional energy Ris were identified in the following areas: i) energy
materials; ii) artificial intelligence/deep learning; and iii) environment.

Publicly funded R&DA&I in the energy sector is characterized by the transfer of innovative
technologies to the industrial sector giving considerable advantage to the industrial com-
panies. Due to this fact and taking into account the construction and operational costs of
Rls, it would be important to involve private companies in construction or modernization of
Rls in the future.

CURRENT STATUS

Energy technologies with their high and rapidly changing technical demands are particu-
larly dependent on fast innovations in the structural and functional materials sector. The
main research task in this context is to develop resource-efficient materials with increasing
performance and reliability at lower costs - e.g. new materials for long-distance transpor-
tation of energy, improved construction materials for nuclear energy. At European level the
topic is addressed in various cross-sectional aspects of the current key actions to the Stra-
tegic Energy Technology Plan (SET-Plan) with research, development and innovation as key
pillars of SET-Plan implementation. It finds expression in the strategy papers of correspon-
dent research and industrial platforms - e.g. EERA, Ells, EMIRI, Joint Technology Initiatives,
or EURAMET. In addition, there is a strong need to continue in development of techniques
for sophisticated, scale-bridging and multi-method characterization for energy materials
and components in their working environment (in situ/in operando). This is especially the
case for electrochemical/catalytic, electronic materials and devices or for materials under
severe radiation.

Despite the availability of quite a number of methods and facilities, large cross-sectional
Rls and research platforms explicitly dedicated to R&D or energy materials still often lack
coherence with regard to combining results from different methods. The future of charac-
terization therefore is expected not only to include individual techniques which are pushed
to their limits, but also to create coherent and synergistic strategies employing a range of
cutting-edge characterization methods to address complex multiscale problems in mate-
rials and systems. For all energy systems, circular use of either special material or other raw
material should be considered.

PAG

LANDSCAPE ANALYSIS



PAG

LANDSCAPE ANALYSIS

An important task in energy sector is integrating different research and innovative activities
with the objective of developing and applying scale bridging approaches. High-throughput
screening and data processing by using of Artificial Intelligence/Deep Learning approach-
es are key to increase efficiency of R&D&, the intelligent combination of data derived from
R&D&I and quick exploitation of new results in practice. Energy networks and systems,
from local to macroscopic scales, need detailed and large volume data handling and mod-
el-based processing. Quite a number of cross- disciplinary energy-relevant topics have
to be addressed like, for example, new materials design; energy conversion processes;
efficiency of energy production; energy transportation; systems design and operational/
lifecycle optimization. Further examples are process modelling for nuclear repositories, fu-
sion reactor modelling or energy market modelling via high-resolution renewable energy
production forecasts.

The European High Performance Computing Joint Undertaking (EuroHPC JU)?®, the Eu-
ropean Technology Platform for High Performance Computing (ETP4EU), and the ESFRI
Landmark PRACE (DIGIT) facilitate high-impact scientific discovery and engineering re-
search and development across all disciplines. Nine Centres of Excellence (CoEs) for com-
puting applications are now running36. The aim is to strengthen Europe's existing leadership
in HPC applications and cover important areas like renewable energy, materials modelling
and design, molecular and atomic modelling, climate change, Global System science, and
bio-molecular research, and tools to improve HPC applications performance. The Energy
oriented Centre of Excellence for computing applications (EoCoE, European Horizon 2020
funded project), working closely with associated experimental and industrial groups, has
the mission to accelerate the transition to the production, storage and management of
clean, decarbonized energy.

Distributed Rl platforms such as DERlab®’ and ERIC-Lab3® and a rising number of national
living laboratories collecting and processing data of complex real energy systems have
the potential to advance the digital real-time integration of distributed and volatile energy
resources into energy systems.

Starting from the common challenge of monitoring and reducing the impact of energy
production on environment, including energy-related CO2 emissions or safety issues, there
are several strong links from energy to research questions tackled by Rls from the envi-
ronmental field. First, there is the important task in energy sector to develop processes
and technologies to substantially decrease or remove influence on environment (waste
recovery - exhalation of pollutants, CO2 production, solid wastes including radioactive ef-
fluents, recovery of the area affected by intensive mining and questions referring to recy-
cling and circular economy). Such research should be performed by common (distributed)
Rl involving researchers from both sectors (energy covering all needed technologies, from
nuclear or geo-energy to underground CO2 storage etc.; environmental science covering
e.g. climate-related observation and measurements, performed also from space). For ex-
ample, the ESFRI Landmark EPOS ERIC (ENV) is active in the field of geology and therefore
34,

A list of centres for excellence in HPC can be found at
https./www.hpccoe.eu/eu-hpc-centres-of-excellence2/

35.
EuroHPC
https.//eurohpc-ju.europa.eu/

36.

BioExcel - Centre of Excellence for Biomolecular Research; COEGSS - Center of Excellence for Global Systems Science;
CompBioMed - A Centre of Excellence in Computational Biomedicine; E-CAM - An e-infrastructure for software, training
and consultancy in simulation and modelling; EoCoE - Energy oriented Centre of Excellence for computer applications

ESIWACE - Excellence in SImulation of Weather and Climate in Europe; MaX - Materials design at the eXascale; NoMaD
- The Novel Materials Discovery Laboratory; POP - Performance Optimisation and Productivity)

37.

DERlab

https://der-lab.net/

38.
ERIC-Lab
https.7www.eric-lab.eu/

ESFRI ROADMAP 2021 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES

has strong links to geo-energy production
and underground CO2 storage. Another ex-
ample for this cross-sectional connection is
the ESFRI Project EMPHASIS (H&F) which
interacts with topics regarding bioenergy
plant production. Climate-related observa-
tion and measurement platforms as ESFRI
Landmark ICOS ERIC (ENV) and the ESFRI
Landmark ACTRIS (ENV) are in direct line
with energy research, as their task is to
measure the environmental impact of the
use of fossil fuels (and as well their future
replacement by renewable energies).


https://www.hpccoe.eu/eu-hpc-centres-of-excellence2/
https://eurohpc-ju.europa.eu/
https://der-lab.net/
https://der-lab.net/
https://www.eric-lab.eu/
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ENVIRONMENT

Environmental Research Infrastructures are key to
provide systematic and coherent datasets needed

for research addressing climate, natural resources,
health, food security, biodiversity, and sustainable use
of the marine, freshwater and soils. However, they do
not only cater to the scientific community but support
the environmental monitoring activities conducted by
agencies across Europe and serve as test-beds for
development of technology and methodology.

Apart from being crucial for a systemat-
ic understanding of the environment, they
are well positioned to give hard facts on
the efficiency of the European Union and
its Member States (MS) mitigation and ad-
aptation actions. ESFRI have identified sev-
eral Research Infrastructures that have be-
come fundamental data providers as well
as forefront exploratory research facilities
addressing a multitude of Sustainable De-
velopment Goals (SDGs), the Unions am-
bitious climate agenda as well as its green
and blue growth initiatives.

Environmental research as a scientific do-
main focuses on understanding how the
Earth system works at various spatial and
temporal scales. Environmental research
requires comprehensive observations in-
tegrated with relevant experimental and
modelling approaches which are essential
for understanding and predicting the Earth's
environmental system functions. A federat-
ed approach to IT resources and e-science
facilities is also necessary together with li-
able data policies compliant with the FAIR
principle. Environmental sciences are tradi-
tionally divided into four research spheres
- GEOSPHERE, ATMOSPHERE, HYDRO-
SPHERE and BIOSPHERE - forming a net-
work of mutual interdependences. Each of
the traditional areas of environmental re-
search has its specificity as to the role in the
natural system as well as research methods.
Moreover, the assessment of interlinks be-
tween these ‘spheres’ also requires specific
approaches. The role of Mankind becomes
critical and drives most research priorities
because it is twofold, being at the same
time an agent affecting the Earth's system
and a victim of its impact.

Environmental pressures play an important
role in the most critical global challenges
that humanity faces today (including those
related to sustainable energy and food pro-
duction, water supply, human health and
well-being). The mitigation and adaptation
to climate change, prevention of environ-
mental pollution, conservation and sustain-
able use of key natural resources and eco-
system services are vital. Modern society is
progressively vulnerable to the increased
frequency of natural hazards (such as ex-
treme weather, earthquakes, floods, hunger
due to failed harvests or pandemic disease
outbreaks) causing loss of life and having
an enormous impact on society, and envi-
ronmental catastrophes can shutter socie-
tal security and cause migration with relat-
ed security problems.

This was reflected in latest strategic docu-
ments, including the United Nations 2030
Agenda for Sustainable Development
(2015)*, the European Green Deal (2019)%,
United in Science (2020)° and Making
Peace with Nature (2021)%, as well as nation-
al priorities of the EU Member States. Out of
17 Sustainable Development Goals calling
for action to protect the planet and ensure
future prosperity, three (SDG13 Climate ac-
tion, SDG14 Life under water, SDG15 Life on
land) are directly focused on sustainable
management of natural resources while
many others (e.g. SDG6 Clean water and
sanitation, SDG7 Affordable and clean ener-
gy) strongly depend on them. Even the most
generic goals (SDG1 No poverty, SDG2 Zero
hunger, SDG3 Good health and well-being,
SDG11 Sustainable cities and communi-
ties, SDG12 Responsible consumption and
production) cannot be achieved without a
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sustainable management of our environ-
ment. To reach the SDGs, the EU introduced
the Green Deal as a new European growth
strategy towards a prosperous society with
a resource-efficient economy and no net
emissions of greenhouse gases. To sup-
port achievement of these political goals,
the new European research and innovation
programme, Horizon Europe, was launched
with a strong focus on Global challenges
and European Industrial Competitiveness,
together with five clearly defined research
and innovation Mission areas.

The environmental RIs already play an im-
portant role in this process and support
the scientific community and the society
at large by:

= acting as centres of frontier research on
grand environmental challenges and
focal points for education and training
of researchers contributing significantly
to the European skills base and future
leaders in the concepts of life and a
sustainable planet;

= generating coherent, comparable, and
sustained time-series of key environ-
mental variables;

= providing accurate large datasets and
new solutions (artificial intelligence) to
share these data for increased scientific
and technical knowledge that underpin
the construction of tools supporting de-
cision making and development of effi-
cient regulations and policies;

= delivering essential data for more re-
liable communication to the public

1
Transforming our world: the 2030 Agenda for Sustainable
Development. United Nations (2015)
https.//sdgs.un.org/2030agenda

2.
A European Green Deal. European Commission (2019)
https.//ec.europa.eu/info/strategy/ priorities-2019-2024/
european-green-deal_en

3.
United in Science 2020. World Meteorological
Organization (WMO) (2020)
https://publicwmo.int/en/resources/united_in_science

4.
Making Peace with Nature. UN Environment Programme (2021)
https.//www.unep.org/resources/making-peace-nature
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on events such as volcanic eruptions,
earthquakes, poor air quality and ex-
treme weather as well as information on
biodiversity impacts;

= opening access to environmental big
data from space-based and in situ ob-
servations as key driver for the develop-
ment of new services and for promoting
activities in the private sector; and

= developing new technologies, such as
laser-based sensors, high resolution
wireless networks and remotely oper-
ated autonomous systems, which leads
to additional co-benefits.

The environmental Ris play a key role at the
global scale contributing to the UN Frame-
work Conventions (e.g. the Convention on
Climate Change, the Stockholm Convention
on Persistent Organic Pollutants, the Mina-

ACTRIS, IAGOS,

EIRENE RI

ICOS ERIC,
IAGOS

EIRENERI

eLTERRI,
EISCAT_3D,
AnaEE

EPOS ERIC

mata Convention on Mercury, or the Con-
vention on Biological Diversity) and global
data systems, such as Global Atmosphere
Watch (GAW). They assist the European
component of GEO in the development
of the Global Earth Observation System of
Systems (GEOSS) that will link Earth obser-
vation resources world-wide across mul-
tiple Societal Benefit Areas (e.g. climate,
disasters, weather, water, ecosystems,
biodiversity, agriculture, energy, or health)
making them available for better informed
decision making. They are feeding in the
European Union's flagship Copernicus pro-
gramme providing validated information
services in six areas (land monitoring, ma-
rine monitoring, atmosphere monitoring,
emergency management, security, and
climate change) and focus on operational
monitoring of the atmosphere, oceans, and
land services whose main users are policy
makers and public authorities. Addition-

DiSSCo, ELIXIR,
EMBRC ERIC, MIRRI

EISCAT_3D

integret®
river-s€
svs\eﬂ‘s

DiSSCo DANUBIUS-RI,

ESFRI ROADMAP 2021 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES

al linkages are being developed with the
INSPIRE Directive and on-going Joint Pro-
gramming Initiatives.

In addition to targeted research on phe-
nomena specific for the individual Environ-
ment sub-domains, a holistic research using
cross-disciplinary approaches is needed to
tackle the environmental and societal chal-
lenges. To assist with new research and
innovation Missions, the environmental Rls
aim at:

» addressing global and regional chal-
lenges by deepening the understand-
ing of Earth system processes and
improving the link between scientific
understanding and policy making;

» achieving national and international ob-
jectives for a resilient society, sustain-

LifeWatch ERIC, ICOS ERIC,

DANUBIUS-RI, eLTERRI,

AnaEE, EMPHASIS,
EIRENE RI

LifeWatch ERIC,
ICOS ERIC,
DANUBIUS-RI,
eLTER RI, AnaEE,

EIRENE RI

ICOS ERIC

EMSO ERIC,
EURO-ARGO ERIC

LifeWatch ERIC,

EMBRC ERIC

FIGURE 1.

The Landscape of the Environment domain.



able economies, and a healthy environ-
ment worldwide;

= fostering new economic opportuni-
ties, improving efficiency, and reducing
costs to public sector budgets through
innovation and collaboration.

The creative research beyond the tradi-
tional silos is needed to develop innova-
tive solutions for protective and preventive
measures and to identify the optimal mech-
anisms for their implementation.
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GEOSPHERE: FROM SURFACE TO
INTERIOR OF THE EARTH, FROM
GEOHAZARDS T0 GEORESOURGES

The RIs in the Solid Earth domain provide
a fundamental contribution strengthening
the research communities in their studies of
highly interrelated natural processes con-
necting the solid Earths dynamics to nat-
ural resources, climate change, ecosystem
services to enable fundamental scientific
advancement in understanding and pro-
tecting planet Earth and its societies from
multi-hazards.

Solid Earth Sciences connect multi-scale
features, reaching from thousands of ki-
lometres to micrometres and billions of
years to microseconds: combining physical
processes (e.g. plate tectonics), chemical
processes (e.g. mineralogy) and biological
processes (e.g. microbial interactions with
minerals). Tectonics represents the mech-
anism that drives most Earth's processes:
tectonic plates may diverge, converge, or
slide laterally (transform), triggering earth-
quakes and causing volcanic activity. From
the mountain formation to the ash and gas
dispersion during a volcanic eruption, long-
term and short-term observations as well
as many underlying natural processes (e.g.
seismic activity, ground deformations, mag-
ma rheology) combine and find application
in tectonics, geodynamics, seismology,
geology, geomorphology, soil science, at-
mospheric sciences, marine sciences, bio-
logical sciences and many other planetary
sciences. Many of these interconnected
processes have not yet been fully under-
stood; therefore, broad Research Infrastruc-
tures are the basis for scientists to reveal
answers to Planet Earth's complexity (Fig-
ure 1).

Monitoring of natural hazards (e.g. earth-
quakes, volcanic eruptions, rock falls, land-
slides, soil liquefaction, tsunamis, avalanch-
es) and man-caused hazards (e.g. wildfires
or forest fires, landslides, and groundwater
depletion), but also the monitoring of nat-
ural resources have been identified as es-
sential component for sustainable devel-
opment. Solid Earth sciences RIs (Figure 1)
are used to observe, monitor, and analyse
the present in order to predict the future

developments of the Earth's systems and
to increase the predictive and mitigation
capacities to protect planet Earth. There-
fore, international collaboration is essential
for solid Earth RIs given the fact that these
problems do not respect national bound-
aries. Trans-national integration of mea-
surements and calibrated data to develop
a next generation of Earth System (model-)
observations is crucial to enable research
and societal applications.

In this process, RlIs do:

= offer long-term, high quality and in-
teroperable data, also used to cali-
brate satellites, validate or constrain
earth system models to enable assess-
ing, adapting and mitigating the risks
caused by natural hazards and man-
caused hazards for enabling an accel-
erated transformative change beneficial
for biodiversity and societal resilience;

= make available monitoring infrastruc-
tures, experimental facilities and exper-
tise to optimize sustainable exploration
and exploitation of geo-resources and
monitoring of natural resources (geo-
thermal energy and groundwater), un-
derground storage (carbon, gas, nucle-
ar waste), raw materials, minerals and
rare earth elements, and for estimating
and mitigating the risk of anthropogen-
ic hazards which tend to increase, such
as earthquakes possibly induced by the
extraction of geo-energy resources;

= provide the monitoring and research
background for an economic, viable
and secure use of the underground tak-
ing into account considerations of long-
term environmental sustainability.
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B CURRENT STATUS

The ESFRI Landmark EPOS ERIC integrates
several hundreds of individual Ris in the
Solid Earth domain. The large community
of Rl operators and users chose to estab-
lish an all-encompassing Rl framework,
including all the different RI classes cov-
ering seismology, near-fault observatories,
geodetic data and products, volcano ob-
servations, satellite data, geomagnetic ob-
servations, anthropogenic hazards, geolog-
ical information and modelling, multi-scale
laboratories, and geo-energy test-beds for
low-carbon energy. The overall objective
is to provide the long-term integration of
the operational services at European scale
and to increase global coordination in sol-
id-Earth observing systems. Examples are
the European seismology data repository?,
volcano observatories and geodetic data
from GNSS network data®. EPOS has a
strong participation in the coordination en-
vironmental research data through the EU
initiatives ENVRI and ENVRIplus’ and is ac-
tively engaged in set up of European Open
Science Cloud (EOSC).

lln addition to ESFRI Landmarks EPOS
ERIC, other geosciences RIs and projects
are operated globally; on-going work is
conducted to ensure the required coordi-
nation and integration. These include:

= SoWa RI for comprehensive research
and understanding of soil and water
ecosystems in context of sustainable

landscape use®;

= Joint Research Centre - European Soil
Data Centre (ESDAC) - Soil Atlas of Eu-
rope®.

5.
ORFEUS Observatories & Research Facilities for European
Seismology

https.//www.orfeus-eu.org/

6.
EUREF Permanent GNSS Network
https.//www.epncb.oma.be/

7.
ENVRIplus
https./www.envriplus.eu/

8.
SOWA Research Infrastructures
https.//soilwatereu/

9.
European Soil Data Centre (ESDAC) - Soil Atlas of Europe
https.//esdac.jrc.ec.europa.eu/content/soil-atlas-europe

Large-scale geosciences RIs and projects
are often operated globally. Examples are
the International Ocean Discovery Pro-
gram (IODP)*° and the InterContinental
Scientific Drilling Program (ICDP)**. These
international programs have established
activities for scientific exploration covering
oceans and continents. Each is multimillion
Euro program whereby partners across the
globe operate and share drilling infrastruc-
ture platforms - ships, drilling rigs, reposi-
tories, open data management systems
and analysis tools - to address issues like
global climate dynamics, early develop-
ment of life (and humanoids) and its adop-
tion to extreme environments, dynamics of
earthquakes and volcanos as well as cata-
strophic events such as meteorite impacts.
In terms of scientific production, European
partners are dominating these efforts. A
continued strong participation in these, and
other international programs, are vital for
the European Earth science community.

An important global initiative for security
and fast hazard response based on large
infrastructure investments and with strong
European participation from both the scien-
tific and public sector is the GEOSS (Glob-
al Earth Observation System of Systems)
initiative of the GEO (Group on Earth Ob-
servations). GEO is a worldwide network
creating innovative solutions (e.g. Volcano
observatories, EU MARSite -Near Fault Ob-
servatories/EPOS) to global challenges at
a time of exponential data growth, human
development and climate change that tran-
scend national and disciplinary boundaries.
The global collaboration of experts helps
to identify gaps and reduce duplication in
the areas of sustainable development and
sound environmental management.

10.
International Ocean Discovery Program (IODP)
www.iodp.org

11
InterContinental Scientific Drilling Program (ICDP)
www.icdp-online.org
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I GAPS, CHALLENGES
AND FUTURE NEEDS

The interactions between the research-
ers/research infrastructures, the industrial
stakeholders and the public sector - such
as the European geological surveys coordi-
nated through EuroGeoSurveys network™®
- needs to be further strengthened as is
now the case within the raw materials sec-
tor (i.e. EIT raw materials*3). It should involve
the accountability of data and data provid-
ers as well as the adoption of interaction
strategies in which clear role of scientists is
identified. Ethical issues in communicating
science and geo-hazards to society must
be addressed.

New Rls and data are urgent in the fields of
geo-resources and mining to achieve en-
ergy and mineral security in Europe. Lab-
oratories - rock deformation labs, deep
underground labs, technologies for envi-
ronmentally friendly bio-mining, analytical
facilities for geochemistry and mineral re-
sources - and modelling facilities are key
required ingredients.

The EU is now between 75% and 100% re-
liant on import of most metals (e.g. China
supplies 98% of the REEs used in Europe)**.
In future, Europe must provide and ensure
access to strategic minerals and metals
from primary and secondary sources as
they are required for the green transition of
industry and society (transport, energy, ICT,
home electronics, etc.). The situation is even
more dramatic for critical metals, where
the European Union strongly depends on
geo-resources like rare earth elements. Eu-
ropean collaborations like ERA-MIN and EIT
Raw materials are set up to address this.

12,
EuroGeoSurveys network
https.//www.eurogeosurveys.org/

13.
EIT raw materials
https.//eitrawmaterials.eu/

14.
Critical Raw Materials Resilience: Charting a Path towards
greater Security and Sustainability. Communication from
the Commission to the European Parliament, the Council,
the European economic and social committee and the
committee of the regions. COM(2020) 474 final, 3.9.2020
https.//eur-lex.europa.eu/legal-content/EN/TXT/
PDF/?uri=CELEX:52020DC0474&from=EN



https://www.orfeus-eu.org/
https://www.epncb.oma.be/
https://www.envriplus.eu/
https://soilwater.eu/
https://esdac.jrc.ec.europa.eu/content/soil-atlas-europe
http://www.iodp.org
http://www.icdp-online.org
https://www.eurogeosurveys.org/
https://eitrawmaterials.eu/
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52020DC0474&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52020DC0474&from=EN

Solid Earth RIs need to interact with on-go-
ing European initiatives in Geothermal Ener-
gy (e.g. ETIP-GeoThermal)*® to support both
technical development and data coordina-
tion to fulfil the implementation road map
towards European leadership in sustainable
production of heat, electricity and cooling
from underground resources.

There is also a need for RIs to enable mem-
ber states to fulfil the requirements for sci-
entific research and technological devel-
opment for safe management of high and
medium grade nuclear waste in accordance
with international and European legislation
- eg. Directive on the Management of Ra-
dioactive Waste and Spent Fuel (2011/70/
EURATOM & 2013/59/EURATOM).

Furthermore, Rls should take into account
the formation of new minerals during the
Anthropocene, caused, for example, by
mining or increasing ‘chemical’ waste,
leading to the creation of new environ-
ments with specific chemical conditions.
These may cause a change of habitats for
life of e.g. microorganisms inducing ge-
netic changes and in turn inducing further

changes of minerals by metabolic products.

Furthermore, the European Union must
amplify its efforts to tackle environmental
challenges like the climate crisis. Coordi-
nated effort of RIs across various ESFRI do-
mains and ENV sub-domains (Figure 1) is
required to support implementation of the
European Green Deal and Horizon Europe
Missions (e.g. Soil Health Mission) and pro-
tect the environment, soils and biodiversi-
ty. Carbon Capture and Storage (CCS), for
instance, is an important element for the
long-term storage of Carbon dioxide from
the atmosphere (ERA-Net ACT and the
ESFRI Landmark ECCSEL ERIC (ENE). Green
Infrastructures have been demonstrated to
enhance nature protection and biodiversity
beyond protected areas, to deliver ecosys-
tem services such as climate change mit-
igation and re-creation, to prioritise mea-
sures for defragmentation and restoration
in the agri-environment and regional devel-
opment context, and to find land allocation
trade-offs and possible scenarios involving
all sectors.

15.
Implementation Roadmap for Deep Geothermal - ETIP-DG
https./www.etip-dg.eu
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ATMOSPHERE: FROMNEAR GROUND
10 THE NEAR SPACE ATMOSPHERE

The atmosphere hosts many physical and
chemical processes and represents a ma-
jor part of the environment to which life on
Earth is sensitively responsive. The atmo-
sphere is part of the larger connected glob-
al environment and is central for climate,
weather, and transport of chemical species
over large distances. Perturbation of the at-
mosphere impacts different thematic areas
like climate change, air quality, environ-
mental hazards, environmental risks, food
security, and water cycle.

The research on the atmosphere is multi-
disciplinary, embracing atmospheric chem-
istry, physics, dynamics, and radiation; and
it combines observations and modelling. It
also covers the full altitude range from the
planetary boundary layer near the surface
across the tropopause and stratosphere up
to the middle atmosphere - i.e. from ground
to 50 km altitude and beyond (Figure 1). The
atmospheric domain interacts with marine,
terrestrial, freshwater, and solid earth sys-
tems but also with biological systems in-
cluding humankind.

The atmosphere contains a wide range of
trace species. The identification and quan-
tification of their properties, atmospheric
transport, transformation processes and
lifecycles require highly interdisciplinary
approaches. Both natural and man-made
gases and aerosols may be transported
from emission to receptor sites over long
distances in the atmosphere across national
borders and continents. Thus, atmospheric
research and monitoring requires close in-
ternational collaboration. Climate change
poses a foremost scientific challenge be-
cause of large uncertainties in our current
knowledge on climate change processes.
Particularly, the understanding of climate
feedback mechanisms requires consider-
able joint research where enhanced coop-
eration of existing Rls plays an important
role and expansion of the current focus may
be needed.

Atmospheric processes are multiscale in
time and space, ranging from the sub-sec-
ond, sub-micron microscopic scales to
the decadal global scale characteristic of

climate change. In this context, the atmo-
spheric infrastructures should be sufficient-
ly equipped to be able to inform across a
similar range of scales.

B3 CURRENT STATUS

The European atmospheric landscape cov-
ers a wide range of actions ranging from
the establishment of ESFRI long-term at-
mospheric RIs to EU-funded projects such
as Integrating Activities (IA), Design Studies,
and other projects. Based on this categori-
zation, the current landscape includes:

= |Long-term atmospheric observation
platforms (Figure 1): the ESFRI Land-
mark ACTRIS; the ESFRI Landmark
IAGOS (Airborne, lower atmosphere);
the ESFRI Landmark ICOS ERIC; the
ESFRI Landmark EISCAT_3D (upper
atmosphere). There is a high level of
interoperability between the infrastruc-
tures, especially between ACTRIS, ICOS
and IAGOS (also demonstrated by the
joint ATMO-ACCESS project described
below). These long-term facilities are
complemented by the following short-
er-term on-going projects: the Europe-
an atmospheric simulation chambers
(IA-EUROCHAMP-2020, 2017-2021, now
integrated within ACTRIS), and the bal-
loon platforms for atmospheric obser-
vations (IA-HEMERA, 2018-2022). Some
of the current ESFRI Projects have
also matured from former integrated
projects, e.g. the Integrated non-CO2
Greenhouse gas Observation System
(InGOS) project in FP7 has been incor-
porated into ICOS, while the Svalbard
Integrated Arctic Earth Observing Sys-
tem (SIOS) (Integrating all observations,
terrestrial, marine and atmosphere at
Svalbard) did not reach the pan-Euro-
pean dimension that is required to be
an ESFRI Landmark and is therefore not
listed anymore as ESFRI RI (but kept
here as part of the Landscape Analysis).

International atmospheric monitoring
networks in support of the European
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and international policies such as Eu-
ropean Monitoring and Evaluation pro-
gramme (EMEP)*® established in sup-
port of the Long-Range Transboundary
Air Pollution (UNECE LRTAP) Conven-
tion, the Global Air Passive Sampling
(GAPS) and the MONitoring NETwork
(MONET) passive air monitoring pro-
grammes supporting the effectiveness
evaluation of the UN Stockholm Con-
vention on Persistent Organic Pollut-
ants (POPs), the Global Mercury Ob-
servation System (EU project GMOS) in
support of the UN Minamata Conven-
tion, Arctic Monitoring and Assessment
Programme (AMAP), etc. Most of these
networks were not formally established
as Rls.

= European ERA NETSs, such as the Euro-
pean Network for Observing our Chang-
ing Planet (H2020 ERA-PLANET)* with
the overarching goal to strengthen the
European Research Area in the domain
of Earth Observation in coherence with
the European participation to Group on
Earth Observation (GEO) and the Coper-
nicus, and associated IGOSP (Integrat-
ed Global Observing Systems for Per-
sistent Pollutants) project focused on
the integration of real-time monitoring
data from various platforms, develop-
ment of modelling tools and advanced
global cyber-infrastructure for data
sharing and interoperability.

= GEO Flagships and Initiatives such as
the Global Observation System for Mer-
cury (GOS4M)*® and the Global Obser-
vation System for POPs (GOS4POP).

= Exploratory Platforms: Exploratory Plat-
forms are needed to complement the
observational long-term activities with
short-term activities to address specif-
ic questions, ideally with close links. A
good example for the response to this
need is the incorporation of the labora-
tory based EUROCHAMP-2020 project

16.
European Monitoring and Evaluation programme (EMEP)
https.7/www.emep.int/

17.
European Network for Observing our Changing Planet
(H2020 ERA-PLANET)

http:/www.era-planet.eu/

18.
Global Observation System for Mercury (GOS4M)
http:./www.gosam.org/

with its atmospheric simulation cham-
bers in ACTRIS.

= e-Infrastructures: the Infrastructure for
the European Network for Earth System
Modelling (IS-ENES)*®.

= Networking activities: Airborne plat-
forms for field experiments (EUFAR).

The components of the Atmosphere
sub-domain cover the full altitude range,
from the surface up to the middle atmo-
sphere, and are set to document the wide
variety of trace species and processes in-
volved in determining atmospheric com-
position changes, emissions, transport, re-
moval, and feedback mechanisms (Figure
1). The ESFRI Landmarks ACTRIS and ICOS
ERIC are crucial in providing data to Coper-
nicus and Copernicus Atmosphere Moni-
toring service (CAMS). ACTRIS can make a
substantial contribution to improve air qual-
ity and study the climatological effects of
short-lived atmospheric constituents such
as aerosols. The ESFRI Landmark ICOS
ERIC is of paramount importance to reach
the goal of climate neutrality. At the same
time, it shows a lack of RIs supporting the
research on chemical pollution of the at-
mosphere other than PM, trace, and green-
house gases (e.g. POPs).

The European atmospheric research com-
munity is well recognised at an international
level and in many specific research topics it
has an undisputed leadership. Atmospheric
Ris have a fundamental role to strengthen-
ing the EU position and leadership in this
research area by providing unique informa-
tion, services, tools, and reference method-
ologies that are used and applied by a very
wide community also outside Europe.

One major user of Atmosphere RIs data
products and services is CAMS. The ESFRI
Landmarks ACTRIS, IAGOS and ICOS ERIC
data are used by CAMS, for example, for
Near-Real Time Model Validation, Monitor-
ing Air Quality in Europe and for providing a
forecast of air quality in Europe for Europe-
an cities, also shown daily on EURONEWS.

ATMO-ACCESS is the organized response
of distributed atmospheric research facili-

19.
Infrastructure for the European Network for Earth System
Modelling (IS-ENES)

https.//is.enes.org/
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ties — the ESFRI Landmarks ACTRIS, ICOS
ERIC and IAGOS - for developing a pilot
for a new model of Integrating Activities.
The project will deliver a series of recom-
mendations for establishing a comprehen-
sive and sustainable framework for access
to distributed atmospheric RIs, ensuring
integrated access to and optimised use of
the services they provide. ATMO-ACCESS
gathers all ACTRIS components (includ-
ing EUROCHAMP-2020), as well as the key
observation and monitoring infrastructures
for non-CO2 gases, first integrated into the
FP7-InGOS project, and now combined in
ICOS (ATMO-ACCESS is limited to the at-
mospheric dimension of ICOS for non-CO2
gas activities), and the digital services of |A-
GOS (IAGOS-Data Centre).


https://www.emep.int/
http://www.era-planet.eu/
http://www.gos4m.org/
https://is.enes.org/

I GAPS, CHALLENGES AND FUTURE NEEDS

It is important to study not just components of the atmospheric
system but observe them synergistically, to fully understand pro-
cesses and linkages. A synergistic approach must include the use
of in situ surface observations, together with columnar and vertical
profiles, aircraft and satellite observations as well as laboratory and
model studies to understand atmospheric composition and pro-
cesses.

Long-term data records for atmospheric parameters, which are
relevant for both air quality and climate research, are inadequate
at the moment, and atmospheric contamination by legacy and
emerging persistent pollutants has not been covered at all in ex-
isting RIs so far. Persistent Organic Pollutants (POPs) are chemicals
of global concern due to their potential for long-range transport,
persistence in the environment, ability to bio-magnify and bio-ac-
cumulate in ecosystems, as well as their significant negative effects
on human health and the environment. The new ESFRI Project
EIRENE RI (H&F) together with existing POPs monitoring projects
and networks and existing atmospheric Rls should fill this gap?°.

Biocontaminants in the atmosphere are another gap that could
possibly be covered by a Design study. Monitoring of the strato-

LANDSCAPE ANALYSIS ENVIRONMENT

sphere is also crucial to study the properties of smoke injected
from intense forest fires that have become more extreme recently.
These observations are critical for assessing the impact of smoke
on stratospheric dynamics and studying possible implications for
geoengineering. Moreover, the geographical coverage by atmo-
spheric observing infrastructures in the Mediterranean including
North Africa and Eastern Europe is incomplete. A better integration
of existing programs and projects in the atmospheric area will help
to build and sustain the European component of GEOSS.

There is great interest in the use of cheap sensors with the poten-
tial to be used in much higher numbers than the usual costly and
labour-intensive instrumentation. However, the sensors' precision
and accuracy must be carefully evaluated, where the Ris can play
a major role.

Air pollution is a major environmental risk to health. New variables
such as the oxidative potential have recently been discussed as
potential markers for health effects but are largely missing in Rls.
As a consequence, interconnections with other domains (Health,
Humanities) need to be better explored. The new ESFRI Project
EIRENE RI (H&F) could play an important role here.

HYDROSPHERE: FROM FRESHWATERS TO MARINE WATERS

The hydrosphere is essential for human life and nature and plays
a critical role in most natural processes. Water continues to be of
huge global geopolitical importance, and it is central to many en-
vironmental challenges including climate change, usage, biodiver-
sity, natural hazards, pollution, ecosystem services and desertifica-
tion.

Approximately 97% of the hydrosphere is saline and found most-
ly in oceans and seas, with the remaining ca. 3% of freshwater in
icecaps and glaciers, groundwater, rivers, lakes and swamps. Land
use, including changing human occupation, agriculture, economic
activities such as energy production and industry, greatly impact
the status of water. While there are policies in place, the quality and
the ecological status of waters, from mountain springs through to
coastal zones and Europe's regional seas, are still threatened. Water
availability is also becoming an increasing issue as the risk of wa-
ter scarcity increases. With changing climate patterns, water eco-
systems become more exposed to extreme hydrological events.
These challenges require improved scientific understanding of all
relevant processes to inform policy and to increase Europe's resil-
ience to the impacts from climate change.

20:
Food safety: Persistent organic pollutants (POPs)
https.”/www.who.int/news-room/q-a-detail/food-safety-persistent-organic-pollutants-

Within the future-oriented EU policy agenda, more systemic policy
solutions are being formulated. For example, The EU is launching a
Mission on Ocean, Seas and Waters under Horizon Europe®*. This
opens new opportunities for the Rl community.

FRESHWATER: ICE,
GROUNDWATER, LAKES, RIVERS,
ESTUARIES

Environmental agencies across Europe collect vast amount of data
on freshwater. Linking routine monitoring with high-resolution data
from freshwater supersites and remote sensing data would benefit
society directly as well as by supporting research in the area. Long
time series, collected by research facilities, have been instrumental
in understanding the coupling between the water cycle, the chang-
ing climate, environmental pollution, and ecosystems. It is of vital
importance to ensure that such data series are continued. Exper-
imental facilities for studying complex water-related phenomena
- e.g. physical modifications of estuaries, behaviour of substanc-

21
Mission on Healthy oceans, seas, coastal and inland waters. Horizon Europe
https.//ec.europa.eu/info/research-and-innovation/funding/funding-opportunities/
funding-programmes-and-open-calls/horizon-europe/missions-horizon-europe/healthy-

(pops)

oceans-seas-coastal-and-inland-waters_en#latest
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es and energy in mesocosms, etc. - allow
physical models to underpin better system-
ic understanding, often in conjunction with
mathematical models.

The multi-faceted water research in Europe
is well captured by the overarching visions
and agendas outlined by the upcoming
Horizon Europe Water4All Partnership
that builds on the research and innovation
agendas of Water JPI*? and, at higher Tech-
nology Readiness Levels (TRL), of Water
Europe®3. Large scale integrated systemic
innovation pilots play a key role to enable

successful innovation?42526,

22:
Water JPI
http.27/www.waterjpi.eu/

23.
Water Europe
https.//watereurope.eu/

24
Water JPI - Strategic Research and Innovation Agenda
2025
http.2/www.waterjpieu/mapping-agenda/strategic-
research-and-innovation-agenda-sria/waterjpi_sria2025_
web.pdf

25.
Water Europe - Strategic Research and Innovation
Agenda
https://watereurope.eu/wp-content/uploads,/2019/07/
Water-Europe-SIRA.pdf

26.
Water Europe - Atlas of the European Water Oriented
Living Labs
https./7/watereurope.eu/wp-content/uploads,/2019/07/
Atlas-of-the-EU-Water-Oriented-Living-Labs.pdf

B CURRENT STATUS

Much of the current science is done relying on access to existing water bodies, i.e. with-
out specific and dedicated large-scale Research Infrastructures. The ESFRI Project DANU-
BIUS-RI supports interdisciplinary research in river-sea systems (Figure 1). It is the only
physical pan-European Research Infrastructure devoted to support research on transitional
zones between coastal marine and freshwater areas. The development of DANUBIUS-RI
as a distributed environmental RI builds on existing expertise to support interdisciplinary
research on River-Sea Systems, covering whole river basins and the coastal waters that
they influence. Addressing the conflicts between sustainable development, environmental
change and environmental conservation in River-Sea Systems, DANUBIUS-RI's mission is

to achieve healthy River-Sea Systems and advance their sustainable use?’.

The ESFRI Landmark LifeWatch ERIC as the only e-Rl, extends its area of interest to the
whole freshwater environments (see section Biosphere).

There are European networks of basins for hydrological monitoring and research, such as
the European Network of Hydrological Observatories (ENOHA). The HYDRALAB+ network
supports the use of environmental hydraulic facilities. The ESFRI Landmark AnaEE (H&F),
also offers access to experimental facilities in freshwater environments, applying an eco-
system services approach to key sectors including food security, human welfare and the
wider bio-economy.

I3 GAPS, CHALLENGES AND FUTURE NEEDS

Europe needs a dense, highly instrumented network of freshwater monitoring, as well as
simulation and experimental platforms. Lake, river and ground water monitoring and ex-
perimental super-sites should serve as calibration, validation and development services for
remote sensing applications as well as for ecosystem service modelling. For the compre-
hensive analysis of the changes in the aquatic ecosystems, an integrated basin approach
is necessary to understand the impact of different drivers and to find measures for sus-
tainable water resources management. The ESFRI Project DANUBIUS-RI, with its structure
consisting of the four Nodes (Observation/Measurements - Analysis - Modelling - Impact),
is aiming to bridge the before mentioned gaps, at a basin-wide, river-to-sea approach. The
Horizon Europe Water4All Partnership considers Rls as important enablers to support the
implementation of its ambitious agenda.

27.
DANUBIUS-RI Science and Innovation Agenda 2019
https://danubius-pp.eu/www,/ wp-content/uploads,/2019,/11/DANUBIUS-RI_Science_Agenda_web_version_Dec2019.pdf
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MARINE: FROM COAST TO DEEP
OCEANS AND ICE GAPS

Approximately 10% (680 million) of the World's population current-
ly lives on the coast and this number is expected to rise to one
billion people by 205028. Seas and oceans provide food, energy,
and many other resources on which mankind depends and oceans
have a fundamental influence on climate and are being significant-
ly impacted by climate change (e.g. sea level, ocean acidification).
Cumulative pressures from human activities has resulted in loss of
habitat, biodiversity and ecosystem functioning and services>®.

Economic activity in the ocean continues to expand and in the EU
in 2018 had a turnover of € 750 billion with 5 million people directly
employed in the Blue Economy?°. The OECD confirms that the Blue
Economy will continue to expand but noted that ocean health, and
its continuing deterioration due to climate change, pollution and
over-exploitation, was an important constraint**. The UN Decade
of Ocean Science for Sustainable Development 2021-20303% has
commenced, led by the Intergovernmental Oceanographic Com-
mission (I0C). This will see scientists work with policy makers, man-
agers and service users to demonstrate how ocean science can
deliver greater benefits for both the ocean ecosystem and for soci-
ety. In tandem, the United Nations Environment Programme (UNEP)
and the Food and Agriculture Organization (FAO) launched the UN
Decade on Ecosystem Restoration 2021-203033. As such significant
input from the marine science community is required if it is to suc-
ceed with its goals of halting and reversing the decline in the health
and productivity of our ocean and its ecosystems and to protecting
and restoring its resilience and ecological integrity34.

28.
IPCC Special Report on the Ocean and Cryosphere in a Changing Climate (2019)
https.//www.ipcc.ch/srocc/

29
Climate Change 2013: The Physical Science Basis. Contribution of Working Group | to the
Fifth Assessment Report of the Intergovernmental Panel on Climate Change. IPCC (2013)

http:27www.ipcc.ch/report/ar5/wgi1

30:-
The EU Blue Economy Report (2020)
https.//blueindicators.ec.europa.eu/sites/default/files/2020_06_BlueEconomy-2020-
LD_FINAL-corrected-web-acrobat-pro.pdf

31
The Ocean Economy in 2030, OECD (2016)
http.//dx.doiorg/10.1787/9789264251724-en

32.
UN Decade of Ocean Science for Sustainable Development 2021-2030
https:.//www.oceandecade.org/

33.
UN Decade on Ecosystem Restoration 2021-2030
https.//www.decadeonrestoration.org/

34.
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B CURRENT STATUS

Marine RIs are diverse and range from fixed observatories, data
centres to research vessels and autonomous vehicles that gener-
ate, analyse and apply in situ, remote sensed and modelled data
and provide an array of services that aim to inform science, poli-
cy and society. These data and associated services are essential
for ocean and coastal sea monitoring, biological and ecological
research and for numerous established, and emerging, industries
in the Blue Economy?*. Key RIs for water-related research are fos-
tered in ESFRI, as illustrated in Figure 1, while there are also other
EU projects and initiatives supporting networks that are directly rel-
evant for research:

= River-sea interaction, freshwater, water-ice: the ESFRI Project
DANUBIUS-RI, the ESFRI Landmark LifeWatch ERIC as e-R,
HYDRALAB+, AQUACOSM (mesocosms).

= Open ocean mobile platforms: the ESFRI Landmark EURO-
ARGO ERIC, EuMarineRobots.

= Open ocean and coastal fixed-point observatories: the ESFRI
Landmark EMSO ERIC, Coastal/shelf seas observatories like
JERICO.

= Research vessels and underwater vehicles: ARICE, EUROF-
LEETS.

= Data storage and standards, access: EMODnet and linked
Copernicus Marine Service (CMEMS) for operational oceano-
graphic services; EuroGOOS, SeaDataNet/ SeaDataCloud.

= Marine biology, omics and bio-informatics: the ESFRI
Landmark ELIXIR (H&F), the ESFRI Landmark EMBRC ERIC
(H&F), the ESFRI Landmark LifeWatch ERIC as e-Rl, and the
ESFRI Landmark AnaEE (H&F).

= Marine Renewable Energy: the ESFRI Project MARINERG-i
(ENE).

= Carbon cycle: the ESFRI Landmark ICOS ERIC, and the ESFRI
Landmark LifeWatch ERIC as e-RI.

I3 GAPS, CHALLENGES AND FUTURE NEEDS

= The range of services offered by Rl will have to evolve, will need
to be tailored and will have to increase scientific knowledge and
understanding not just in the scientific community but across soci-
ety, policy and industry. This will enable individual citizens, society
at large, policy makers and the business community to identify the
impact they have had, and are currently having, on coasts, ocean
and ice caps. Importantly these services should inform and demon-

Global Ocean Science Report - The current status of ocean science around the world
UNESCO (2017)
https.//en.unesco.org/gosr

35.

The United Nations Decade of Ocean Science for Sustainable Development 2021-2030
-10C (2018)

https://unesdoc.unesco.org/ark:/48223/pf0000261962
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strate how these end-users can remedy
and reduce their impact. This will require
a paradigm shift and collaboration across
research communities with disciplines that
traditionally would not have worked togeth-
er to play a bigger part in meeting future
challenges. RIs will have to work synergis-
tically if they are to meet their end-user
needs and enable the sustainable manage-
ment of environmental resources3®37,

As the coastal ocean is currently a key com-
ponent of the UN Decade for Sustainable
Development and has become a high prior-
ity on the worldwide environmental political
agenda, Europe needs dense enough, well
instrumented sites and regions to study,
observe and monitor water of the coastal
shelf. The comprehensive analysis of the
changes in the coastal ecosystems requires
an integrated basin approach to under-
stand the impact of different drivers and
to find measures for coastal preservation,
management and planning. The long-term
observation is needed to address transver-
sal scientific and societal challenges act-
ing at various spatio-temporal scales , and
to understand large-scale processes that
can significantly impact coastal and littoral
areas. This could only be achieved at the
pan-European level.

36.
Navigating the Future V: Marine Science for a Sustainable
Future. Position Paper 24 - European Marine Board (2019)
https.//zenodo.org/record/2809392#.YDFdWSgaZos

BIOSPHERE: BIODIVERSITY AND ECOSYSTEMS

Biodiversity is the diversity of biological sys-
tems at all levels, including genes, species
and ecosystems. Biodiversity is part of our
common natural heritage which underpins
our health and quality of life, livelihood,
food security and economies. Understand-
ing Biodiversity is critical to ensure a sus-
tainable Earth for the future. This includes
knowledge about terrestrial, marine and
freshwater ecosystems, its structural com-
ponents, how they interact with each other,
and with human societal activities (Figure
1). The biodiversity collapse is thought to be
one of the biggest challenges humankind
faces. Ecosystem services are essential to
our current welfare and well-being.

The outcome of this research is also de-
terminant to support policy making. IP-
BES, which interfaces research and policy,
stresses in its 2019 Global Assessment for
Biodiversity and Ecosystem Services3®, the
importance in supporting primary research
by countries. This should cover not only
biodiversity, but also related areas like food,
energy, health and genetic resources.

The goals set by the European Union Biodi-
versity Strategy for 2030%9 indicate the need
to be on the path for biodiversity recovery by
2030, with the involvement of citizens, busi-
nesses, social partners and the research and
knowledge community. The essential role
of Biodiversity and Ecosystem Services in
protection and restoration of wetlands, peat-
lands and coastal ecosystems, sustainable
management of marine areas, forests, grass-
lands and agricultural soils, mitigation and
adaptation to climate change or food security
have been recognized. Green infrastructures
contribute to lowering urban areas' extreme
temperatures and reduction of natural disas-
ter impacts. Some of the extensive policy EU
instruments, like the Common Agricultural
Policy (CAP) or the Common Fisheries Policy
(CFP), include criteria of sustainable use of bi-
ological resources.

38
Summary for policymakers of the global assessment
report on biodiversity and ecosystem services of
the Intergovernmental Science-Policy Platform on

Biodiversity and Ecosystem Services. IPBES (2019)
https.//doi.org/10.5281/zenodo.3553579

37.

39.

Oceans Beyond 2020: Draft Strategy Framework - JPI
Oceans (2020)
http://jpi-oceans.eu/draft-strategy-framework-
beyond-2020

EU Biodiversity Strategy for 2030 Bringing nature back
into our lives. European Commission (2020)
https./eur-lex.europa.eu/legal-content/EN/
TXT/?uri-CELEX'52020DC0380
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EU sets ambitious but concrete targets for
the next decade. These include that at least
30% of land and sea should be protected,
including 10% with strict protection. It also
determines the restoration of land and sea,
the naturalisation and increase of sustain-
able practices in agriculture, reversion of
genetic diversity decline, increase in for-
estation, including in urban areas, among
other actions. It also sets objectives for
marine environments. freshwater ecosys-
tems, reduction of pollution and combat to
invasive alien species. The strategy is in line
with the European Green Deal® and sup-
ports the role of Europe in the global land-
scape towards stopping biodiversity loss, in
the context of the UN SDGs 14 and 15%*, and
the Convention of the Biological Diversity4?,
which had the Conference of the Parties in
October 2021.

The implementation of the strategy needs
a sound scientific basis. Only % of the ex-
isting species on Earth were estimated to
be known to science*3. Many species will
become extinct without being discovered,
and their potential benefits in terms of food,
medicine and ecosystem services will be
lost. Some of the main drivers for scien-
tific research are linked to main threats to
biodiversity. This is the case of land-use
change causing habitat destruction and
the alien invasive species. Unhealthy and
too close interactions between the human-
kind and wildlife resulted, among others, in
the COVID-19 pandemics leading to major
global societal and economic crisis. The
loss of biodiversity decreases ecosystem
services and affects ecosystem function-
ing and stability. Sustainable agriculture
practices need to combine the promotion
of ecosystem services, for example polli-

40:
European Commission. 2020. The European Green Deal
European Commission (2020)
https://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=COM.2019:640:FIN

41
UN Sustainable Development Goals (SDGs)
https.//www.un.org/sustainabledevelopment/sustainable-
development-goals/

42.
UN Convention on Biological Diversity (CBD)
https.//www.cbd.int/

43.
How many species are there on Earth and in the ocean?
Mora, Camilo, et al. PLoS Biol 9.8 (2011)
https.//doi.org/10.1371/journal pbio.1001127



https://zenodo.org/record/2809392#.YDFdWS9aZ0s

http://jpi-oceans.eu/draft-strategy-framework-beyond-2020 
http://jpi-oceans.eu/draft-strategy-framework-beyond-2020 
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2019:640:FIN
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2019:640:FIN
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.cbd.int/
https://doi.org/10.1371/journal.pbio.1001127
https://doi.org/10.5281/zenodo.3553579
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0380
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0380

nation, with promotion of wildlife and the
reduction of fertilisers and pesticides. Life
in oceans also depends on sustainable
management of resources, and protection
of coastal areas from effects of pollution.
Plastics in marine environments are a real
threat to wildlife but their adverse effects
throughout the food chain and mechanisms
through which populations are affected are
largely unknown. This is an example of in-
terdisciplinary research need linking all
environmental domains to social sciences,
health and food. Mechanisms of adverse
effects of microplastics on the whole food
chain are still a largely unknown area.

B3 CURRENT STATUS

The European landscape for terrestrial and
marine biodiversity and ecosystem RIs cov-
ers the complexity of the research agen-
da (Figure 1). The ESFRI RiIs organised as
distributed infrastructures are built on or
closely connected to EU-funded projects
such as Integrating Activities.

= Observatories and Monitoring Facilities:
the ESFRI Landmark ICOS ERIC and the
ESFRI Landmark EMBRC ERIC (H&F),
(related IA ASSEMBLE Plus), the ESFRI
Projects DANUBIUS-RI and eLTER RI,
the IAs INTERACT and JERICO-S3, SIOS
(Integrating all observations, terrestrial,
marine and atmosphere at Svalbard).

= Facilities for in situ and in vivo experi-
mentation: the ESFRI Landmark AnaEE
(H&F), the IAs AQUACOSM-plus and
HYDRALAB-.

= Biological collections, data infrastruc-
tures and reference data: the ESFRI
Project DiSSCo (linked IA Synthesis
PLUS), the ESFRI Landmarks ELIXIR
and MIRRI (H&F), and the IA BiCIKL.

= e-Infrastructures for data, analysis
and modelling: the ESFRI Landmark
LifeWatch ERIC, and the IAs IS-ENES3
and SeaDataCloud.

It is important that capacities of ESFRI Rls
are able to support the newly built European
Partnerships in Horizon Europe. These aim
to connect R&l programs from national to
European programs, in which the Rls on bio-

sphere and ecosystems can play a relevant
role in several of the European Partnerships
in food, bioeconomy, natural resources, ag-
riculture and environment as well on health.

Within the framing of Grand Challenges that
ranges from ecosystem conservation to
preservation of ecosystem services, some
Ris target ecosystems within the environ-
mental domain. The ESFRI Project eLTER
Rl is tackling a broad spectrum of ecolog-
ical challenges, based on observations that
enable understanding ecosystems using an
approach of ecological integrity, including
the socio-ecological dimension. The ESFRI
Landmark AnaEE (H&F) alternatively, pro-
vides experiments instead of observations,
with stronger focus on agriculture and food
security from a defined set of ecological
and societal challenges and has a more an-
thropocentric approach.

The ESFRI Landmark LifeWatch ERIC has
a cross-domain approach and a focus on
the Grand Challenges of preserving biolog-
ical diversity and of protecting ecosystem
health. LifeWatch ERIC is an e-Infrastructure
that enables knowledge-based solutions to
environmental managers by providing ac-
cess to a multitude of sets of data, services
and tools about the role of biodiversity in
ecosystem functioning and conservation.
The focus is made in the construction and
operation of Virtual Research Environments
(VRE), backed by strong computational
capacity and metadata catalogues. On an-
other side, the ESFRI Landmark ICOS ERIC
also has a cross-domain approach to en-
able understanding the carbon cycle and
to provide necessary information on the
land-ecosystem exchange of CO2, CH4 and
N20 with the atmosphere.

The digitization of biological collections
and the connection to genomics is a game
changer in the biodiversity research aiming
to close the taxonomic gap, which still is a
major limitation to biodiversity knowledge.
The ESFRI Project DiSSCo is developing
tools and resources to speed up digitization
and virtual access to Natural History Collec-
tions (NHC). Only 10% of European NHC are
digitally catalogued, and even a lower per-
centage are digitally imaged. The virtual ac-
cess to collections is essential to help taxo-
nomic efforts and speed up the description
of the undiscovered biodiversity existing
both in these collections and in nature.

LANDSCAPE ANALYSIS ENVIRONMENT

I3 GAPS, CHALLENGES
AND FUTURE NEEDS

Some of the Grand Challenges related to
biodiversity and ecosystems research still
miss a counterpart support by the existing
Rls. The above mentioned global and Euro-
pean strategic agendas indicate, for exam-
ple, the need to increase protected areas,
restore degraded ecosystems, reverse the
decline of pollinators, increase biodiver-
sity-rich landscapes on agricultural lands.
Consequently, a call is made for intense
research on conservation planning, eco-
logical restoration, and ecosystem services,
which are only partially covered by the ex-
isting RIs and in limited scales.

These needs extend to monitoring biodi-
versity and ecosystem changes, supporting
the development and implementation of
Essential Biodiversity Variables** as eco-
logical data products underpinned on data
and metadata standards, data quality, data
preservation and open data policies. An-
other aspect that needs further attention
is the environmental contamination and its
interplay with a climate change, hazards
and risks associated with toxic mixtures, es-
pecially endocrine disruptors. Testing plat-
forms for elucidation of adverse outcome
pathways are also required.

Urged by the biodiversity loss, the taxo-
nomic gap needs to be overcome, in order
to discover and describe the % of the bio-
diversity still to be known. Rapid advances
in genetic sequencing and ICT, including
big data analysis of genetic sequences, and
mass digitization can be integrated to pro-
vide more automated systems concerning
genomics, species and ecosystem analysis.

Other challenges are the invasive species,
for which the RIs need to adjust their data
lifecycles in order to enable rapid alert sys-
tems and better monitoring and modelling.
Observations and experiments need further
scientific integration. Modelling can be a
powerful tool for the conjunction of organ-
ismic and process-oriented approaches as
well as multiple challenges perspectives in
ecosystem analysis. However, most existing

44,
Essential Biodiversity Variables. Pereira, HM. et al.
Science 339, 277-278, (2013)
https.//doi.org/10.1126/science.1229931
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ecosystem models represent only facets VISION AN D PE RSPECTIVES
and require further development.

The manifold connections to other fields, Securing long-time access to natural resources is fundamental for the economic compet-

particularly Health & Food, but also Social itiveness of the EU. There is a growing concern about the effects of environmental dete-

Sciences and Energy are apparent. Human  rioration on both ecosystems and humans as the urbanization, land degradation, climate

activities, energy production, construction, change, chemical pollution, infectious agents, biodiversity loss and disruption of ecosys-

traffic or agriculture directly affect ecosys-  tems services were shown to work together to damage health and quality of life, affecting

tem integrity which itself is an important  disproportionally socially disadvantaged and vulnerable populations.

factor for human health or food security.

Environmental literacy and behaviour are It has been acknowledged that it is necessary to increase the value given to natural ecosys-

important interfaces to Social Sciences. tems, sustainable use of resources and improving human health since the transformational
change in these areas is most needed and potentially most beneficial for the EU econo-
my, society and natural environment. The Green Deal developed as an integral part of the
Commission's strategy to achieve the Sustainable Development Goals and the Global 2050
Vision of ‘Living in harmony with nature' covers numerous policy objectives and strategies
including climate neutrality in 2050, biodiversity preservation strategy, sustainable food
strategy, circular economy action plan or the overarching zero pollution ambition.

The political strategies must be accompanied by the research strategies aimed at im-
proved understanding of the environmental processes and the impacts of various stressors.
Based on extensive consultations of scientific communities and other relevant stakehold-
ers including policy makers, local authorities, NGOs, and industries across Europe, the Eu-
ropean research agenda for the Environment, Climate & Health for 2020-2030 was recently
developed within the H2020 HERA project*®. Resulting research priorities included: (i) re-
duction of effects of ecological degradation and climate change on health; (ii) elimination
of environmental exposures to chemicals, wastes, and biological agents harmful to health;
(iii) improved health impact assessment of environmental factors; (iv) promotion of healthy
lives in sustainable societies; or (v) promotion of intervention research. Among the top pri-
orities was filling a gap in the landscape of RIs and building infrastructural capacities for
assessment of environmental exposures and their health impacts (including new sensor
technologies, laboratory capacities, data interpretation and modelling), as well as educa-
tion, training and capacity building for improved understanding of combined environmental
impacts (including toxic mixtures) on health. The new ESFRI Project EIRENE RI (H&F) will
significantly contribute.

The identified needs have been addressed in the new European Research & Innovation
framework programme Horizon Europe, namely in the Global Challenges and European In-
dustrial Competitiveness pillar containing Clusters on Food, bioeconomy, natural resourc-
es, agriculture and environment, but also on Climate, energy and mobility. To increase the
effectiveness of funding by pursuing clearly defined targets, the research and innovation
Missions were incorporated into the Horizon Europe covering Adaptation to climate change
including societal transformation, Climate-neutral and smart cities, Healthy oceans, seas,
coastal and inland waters, Soil health and food, and Cancer. None of these Missions can
be carried out without the interdisciplinary research collaboration across the traditional
domains, not just within the environmental sciences but at the interface between Environ-
ment, Health, Food, Energy, and Humanities.

The key implementation tools of the Horizon Europe are the European Partnerships bring-
ing the private and public partners together to address some of Europe's most pressing
challenges through concerted research and innovation initiatives. There are numerous can-
didate partnerships in the areas of Climate, energy and mobility, Food, bioeconomy, natural
resources, agriculture and environment, or Health including the European Partnership for
Chemicals Risk Assessment (PARC) which is meant to bridge the Environment and Health
domains. The partnerships should significantly contribute to reducing the fragmentation of
the research and innovation landscape in the EU and achieving the EU's political priorities

45.
Health Environment Research Agenda for Europe (HERA)
https.//www.heraresearcheu.eu/
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including Green deal. These new instruments of Horizon Europe
(missions and partnerships) provide a cross-sectoral approach to
bridge the relevant Clusters and science-policy-society interface to
leverage the impact and increase the relevance and uptake of new
tools, innovations and knowledge to the direct benefit of citizens.

There are strong expectations on how the innovative research can
help to find the best approaches and support achievement of the
political goals. In collaboration with new Horizon Europe Partner-
ships the Landscape of the Environmental Research Infrastructures
should be further developed to keep up with the holistic research
pursuing all five Missions and bridging those Missions together by
providing an environmental perspective to the Cancer mission and
a health perspective to the other four missions. The Rls should bet-
ter facilitate trans-disciplinary research and enable researchers to
work in a more integrated manner across multiple domains. They
should inspire new transformational approaches to addressing the
environmental and societal challenges in their full complexity in-
cluding ethical, political, socioeconomic, equity, sustainability, and
communication aspects. The knowledge gained from such a ho-
listic approach will help to define how to walk the delicate balance
of utilizing natural resources with minimum impact on the environ-
ment and ensure that today's actions do not impede the well-being
of future generations.
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HEALTH & FOOD

The Health & Food Research Infrastructures are
becoming truly a key pillar of Europe's endeavour in
transition to a healthy planet encompassing healthy
population living in balanced environment. Within the
priority European Green Deal, Health & Food RIs focus
on topics such as climate change, biodiversity, and
food security:, trying to ensure environment supporting
conditions for healthy and diverse population that

can cope with major challenges of health including
civilisation disorders, healthy ageing, and also infection
diseases, all of which affect European community
development and economy.

Development of Health & Food Rls is flawlessly in line with the declaration of the European
Commission to preserve and restore our ecosystem needs. In the Health & Food domain,
Environment meets Health with all its major challenges. RIs are committed for solving chal-
lenges such as cancer or recently unexpectedly appearing pandemics and there is also
a need to develop new effective and economic solutions for health challenges without
compromising the environment.

With a turnover value of € 2.3 trillion and accounting for 8.2% of the EU workforce, the
bioeconomy is a central element to the functioning and success of the EU economy?. The
ESFRI Roadmap 2018 already highlighted the role of Health & Food RIs as research, innova-
tion and skills hubs boosting the economic development and competitiveness in a global
economy. Since 2018, the H&F RIs have all made significant progress - as Landmarks, they
are mature and provide a comprehensive service portfolio and comprehensive knowledge
to serve the Health & Food communities. RIs designated as Landmarks are expanding their
memberships, their knowledge and service portfolio, establishing a strong record of ac-
complishment in services provided. ESFRI shall thus promote new ways of collaboration
among existing Rls and advanced communities, mediate interactions between existing and
aspiring Rlis to create a fair and supportive milieu where needs of new user communities
can be identified and new models of services created by encouraging the clustering of
existing RIs for joint services towards advanced communities, building new ways for inno-
vation.

A concrete step forward to be mentioned is the European Life Sciences Research Infra-
structures (LS RIs)® group which has developed from its original formation as the Biomed-
ical Research RIs within the CORBEL project®. Made up of representatives of the Biological
and Medical Research Infrastructures, this group was brought together to establish a mod-
elto provide combined multi-RI services that support research spanning from fundamental
science to clinical application. Along the way, the model has identified, developed and test-
ed shared processes, which progressively resolved some service and expertise complexity.

To engage the scientific community in developing interdisciplinary research, new clusters
among RIs from different sectors should develop including Health & Environment, Food
& Environment, Health & Social Sciences, and naturally, Health & Food with agriculture
should further proceed.

LANDSCAPE ANALYSIS HEALTH & FOOD

1

Political Guidelines for the Next European Commission
2019-2024
https.//ec.europa.eu/info/sites/default/files/political-
guidelines-next-commission_en_o.pdf

2.

A Sustainable Bioeconomy for Europe: Strengthening
the Connection between Economy, Society and the
Environment (the updated Bioeconomy Strategy in 2018)
https./knowledge4policy.ec.europa.eu/publication/
sustainable-bioeconomy-europe-strengthening-
connection-between-economy-society_en

3.
European Life Sciences Research Infrastructures
https.//lifescience-rieu/

4.

CORBEL Project
https..7www.corbel-projecteu/homehtml

PAG
77

LANDSCAPE ANALYSIS


https://ec.europa.eu/info/sites/default/files/political-guidelines-next-commission_en_0.pdf
https://ec.europa.eu/info/sites/default/files/political-guidelines-next-commission_en_0.pdf
https://knowledge4policy.ec.europa.eu/publication/sustainable-bioeconomy-europe-strengthening-connection-between-economy-society_en
https://knowledge4policy.ec.europa.eu/publication/sustainable-bioeconomy-europe-strengthening-connection-between-economy-society_en
https://knowledge4policy.ec.europa.eu/publication/sustainable-bioeconomy-europe-strengthening-connection-between-economy-society_en
https://lifescience-ri.eu/home.html
https://www.corbel-project.eu/home.html

PAG
78

HEALTH & FOOD LANDSCAPE ANALYSIS

THE H&F LANDSCAPE AND ITS EVOLUTION

HEALTH & FOOD SUBDOMAINS DIVERSITY

Regarding the RI's further development, numerous challenges
need to be addressed including: food security - ESFRI Project
METROFOOD-RI; resilient agriculture and agro-ecological transi-
tion - ESFRI Project EMPHASIS; biodiversity, the environment, and
marine ecosystems - ESFRI Landmark EMBRC ERIC. The research
data created by relevant ESFRI Rls, often managed by the ESFRI
Landmark ELIXIR, need to be interoperable with other non-re-
search datasets, such as crop yields, stock levels or geo-location
environmental/ecological data. New machine learning and Arti-
ficial Intelligence (Al) approaches will increasingly allow for faster
and more accurate analysis of datasets and at a greater scale. Data
management and interoperability play an important role in con-
necting the two subdomains of H&F, which cover a very wide range
of areas, spanning from fundamental biological science and med-
ical research through biotechnological applications to Agri-food
aspects involving also plants genetic aspects. This broad thematic
diversity does not feature direct collaborations across the whole RI
landscape of H&F. For instance, the ESFRI Landmark AnakEE is pri-
marily collaborating with the ESFRI Project EMPHASIS, aiming at
bringing innovative solutions for sustainable intensification of agri-
culture by integrating the study of plant phenomics and agro-ecol-
ogy but also with the ESFRI Landmark ELIXIR because of common
standards for life science data. On the other hand, the biomedically
oriented ESFRI Landmark MIRRI interacts with the Food area, aim-
ing to develop new, safe and healthy food products and the biolog-
ical management of soils and crops, which connect the Agri-Food
subdomain with the Health one.

DEVELOPMENT, ADAPTATION, UPGRADING
AND NEW Rls

Over the last 18 years, within the framework of ESFRI and the ES-
FRI Roadmap process, national governments have worked in close
partnership with the European Commission and the scientific com-
munity to catalyse the establishment of over 50 European Rls, a
key pillar of the European Research Area (ERA). Many of them are
mature and operate as Landmarks with established services for
numerous research communities, showing a high degree of sus-
tainability. As the whole European research landscape develops to-
gether with its research communities, it is now worthwhile to review
the initially defined aims and missions of H&F ESFRI Rls and facili-
tate their further strategic development, refocussing, approach and
mission adaptation, or their upgrade. The developmental adaption
should follow the gap analysis as well as the development of needs
of user communities that are changing, partly following the appear-
ance of new research fields and opportunities or leaving some oth-
ers. To this end, a continued and focused support of the existing
and successful ESFRI RIs might allow them to serve the needs of
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new and emerging communities. Besides fostering interaction of
the established H&F ESFRI RIs, a new RI strongly bringing togeth-
er environmental aspects in human health appeared on the ESFRI
Roadmap - the ESFRI Project EIRENE RI is filling the gap in envi-
ronmental determinants of health, pioneering the needed knowl-
edge hub on human exosome in EU. H&F ESFRI Ris foresee also
interaction with the ESFRI Project EBRAINS which, although a new
Digital Research Infrastructure, is based on biomedical knowhow of
neuroscience, brain medicine, and brain-inspired technology.

INTRA- AND INTER-DOMAINS CLUSTERING

There is certainly a need to reinforce interactions and collabora-
tions between RIs in Health & Food to exploit synergies and com-
plementarities. The clustering approach of RlIs with highly com-
plementary approaches create new added values, allowing the
research community to reach more complex and comprehensive
goals while acknowledging and allowing that some RI resources
and competencies will remain truly unique outliers in the Rl eco-
system. One example builds on the Alliance of Medical Research
Infrastructures (AMRI)®, which could be extended to other existing
and future ESFRIs. Such clustering could be also used for refocus-
ing the individual RIs to increase their quality and effectiveness. It is
also evident that further intra-domain interactions will be needed to
fully address diverse challenges such as cancer or infection diseas-
es as it could be also observed during the recent pandemics crisis.
The solutions should consider also inter-domain interactions to in-
clude for instance Social & Cultural Innovation, and Environment.

Areas for different Rls interactions are numerous and H&F proceed
to develop knowledge and service clusters for research areas in-
cluding the following examples.

= Human disease challenges, including infections, cancer, rare
diseases, metabolic, neurological and other disorders influenc-
ing human well-being and ageing.

= Ageing connected to environmental impact on human health,
an inter-domain interaction to setup a new directions regarding
exposomes and environmental medicine.

= Foods and diets constitute an age-related and geographically
diverse exposure matrix that affects health and environmental
outcomes across the EU. It is needed to uniquely combine pop-
ulation health and environmental sustainability, the biological
and social drivers of food consumption, and foods and diets
within the diverse European food systems. Interdisciplinary
and multi-stakeholder data, research facilities and innovative
tools should become interconnected to synergise the research
potential of the heterogeneous European Health & Food land-

5.

Alliance of Medical Research Infrastructures (AMRI)
https./www.esfrieu/alliance-medical-research-infrastructures
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scape. To accomplish this, an interdisciplinary effort is needed,
including complementary Rls - e.g. the ESFRI Project METRO-
FOOD-RI, ESFRI Landmark ELIXIR and others.

Reinforcement of advanced drug discovery, from identifying
and characterizing the drug targets, to screening biological
activity of compounds to understanding the drug metabolism
and biological effects. This requires the European researchers
to access technologies and expertise for structural biology,
chemical screening, genetics, understanding mechanisms of
action at the cellular level as well as at the level of the com-
plex organism using advanced tissue and animal models - e.g.
the ESFRI Landmarks EATRIS ERIC, EU-OPENSCREEN ERIC,
INFRAFRONTIER, INSTRUCT ERIC, ECRIN ERIC, and the new
ESFRI Project EIRENE RI.

Advancing the marine biology towards environment and med-
icine by connecting genomics data, with models and image
data of marine microorganisms. The ESFRI Landmark EMBRC
ERIC supports fundamental and applied research towards sus-
tainable solutions in the food sector, as well as in health and the
environment, where it collaborates with other Food and envi-
ronmental Rls.

gt

sy stems
piology

INSTRUCT ERIC

= Use of advanced phenotyping technologies including imaging
to comprehensively understand plant biology and soil health
under changing climate as well as mammals physiological pro-
cesses in health and disease - e.g. the ESFRI Landmarks Eu-
ro-Biolmaging ERIC and INFRAFRONTIER, the ESFRI Project
EMPHASIS.

» Healthy soils and healthy crops for healthy, safe and sustain-
able food - e.g. the ESFRI Project METROFOOD-RI.

An overview of the Landscape of the Health & Food domain is given
in Figure 1.

SCIENTIFIC IMPACT

H&F Rls have increased research and service performance as well
as its quality. Their workflows have improved and analyses have
been more efficient. Integrated Standard Operation Procedures
(SOP) were established, data are better accessible and are being
standardised. Besides this, Rls have developed various training and
education programs, thus providing users with the necessary skills
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FIGURE 1.

The Landscape of the Health & Food domain
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and competences in a wide range of H&F scope. The RIs dissem-
inate the service-related knowledge, relationship capital (i.e. the
benefits of working together such as facilitated knowledge-sharing
and cooperation), policy influence (i.e. increased awareness of the
benefits of Open Science) and bioinformatics resource uptake. It is
becoming clear that the overall economic impact is large and fur-
ther increases. The RIs have built and established knowledge plat-
forms and cutting-edge technologies for every user in open-access
regiment. They especially support excellent research that could
not be performed without the existence of Rls. The added-value
of the pan-European Health & Food Rls steadily increases with the
growing number of users, which could be virtually anywhere in
Europe. Thus, ERA becomes true reality. Without additional large
investments in an individual European country, the ‘European User’
can find a high-quality solution. Such organisation allows working
on complex scientific tasks to solve large European challenges and
to improve research efficiency. The impact of the H&F Rls has also
expanded internationally through a number of cooperation agree-
ments and building global consortia with related RIs and institu-
tions worldwide.

The European Commission estimates that there are more than
500,000 individuals in Europe involved in some way in life science
research and H&F RIs serve substantial part of these user com-
munities, from basic research experts in life sciences and medical
professionals to environmental and food domains researchers. The
access and service of H&F RIs go beyond the European border and
many of them providing services to scientists worldwide directly or
through the establishment cooperation agreements and joint ini-
tiatives.

SOCIO-ECONOMIC IMPACT

H&F RIs enable leading research to happen while societal and so-
cio-economic benefits impact European society well beyond the
Rl site. Health & Food RIs influence also industry as a significant
share of activities is beneficial also for the private sector. The H&F
Ris work to increase awareness of their services exemplified by
ESFRI Landmark ELIXIR, which makes public data available to a
number of small and medium sized enterprises that have built their
business model around these resources.

Technology development is another good example of the so-
cio-economic impacts of Health & Food, in which every Rl devel-
ops or establishes new technologies and methodologies to move
the research possibilities to cutting-edge, which is then used by
researchers or even by the private sector. Thus, for instance, by pro-
moting integrative methods, the ESFRI Landmark INSTRUCT ERIC
provides peer-reviewed access to state-of-the-art, structural biol-
ogy technologies and enables excellent science and technologi-
cal development for the benefit of all life scientists, with strategic
relevance and major impact for pharma and biotech companies.
The ESFRI Landmark EU-OPENSCREEN ERIC offers its shared re-
sources to users from academic institutes, SME's, industrial orga-
nizations, and facilitates collaborative development of novel mo-
lecular tools. ESFRI Landmark EMBRC ERIC, the specialized RI for
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marine biological resources, provides access to marine resources
and cutting-edge services and facilities that allow users from both
academia and industry to study the ocean and develop innova-
tive solutions to tackle even societal issues. The ESFRI Landmark
INFRAFRONTIER, which created the 3rd largest mouse repository
holding more than 6,000 mouse mutants, setups and capitalis-
es the revolutionary technology of genome editing based on the
CRISPR/Casg technology, which allows to create precise models of
human diseases and propose future corrective treatments for many
human diseases.

The ESFRI Landmarks AnaEE, as an example from the Agri-Food,
enables moving beyond past and current scale- or approach-spe-
cific experimental approaches by combining state-of-the-art dis-
tributed experimental and analytical platforms with modelling and
simulation, of direct relevance for the challenges facing Europe-
an ecosystems. The ESFRI Project EMPHASIS builds facilities, re-
sources and services for plant phenotyping across Europe, aiming
to better understand plant performance and translate this knowl-
edge into application.

According to WHO publication Ecosystems and human well-being:
health synthesis: a report of the Millennium Ecosystem Assessment®
ecosystems are the planet's life-support systems for the human
species and all other forms of life. The causal links between envi-
ronmental change and human health are complex because they
are often indirect, displaced in space and time, and dependent on
a number of modifying forces. Thus, preventing the decline in the
world's ecosystems should improve the situation regarding malnu-
trition, infectious diseases, maternal mortality, exposure to unsafe
drinking-water and, most importantly, poverty.

MISSIONS AND CHALLENGES

In Health & Food, each Rl has its own specific mission and dedica-
tion to particular challenges but there are also common missions.
The ESFRI Landmark EATRIS ERIC main mission is condensed in a
short statement “Increasing value, reducing waste", and tackles im-
provement of new therapeutics development as only 40% of drugs
are effectively used worldwide and billions of euros are spent each
year to develop new drugs. The mission of new therapeutics and
vaccine development also requires the technologies and services
provided by the ESFRI Landmarks EU-OPENSCREEN ERIC, IN-
STRUCT ERIC and INFRAFRONTIER.

One of the most prominent missions is dedicated to cancer which,
after cardiovascular diseases, is the leading cause of premature
deaths in the EU. In 2016, one quarter (26% corresponding to 1.3
million people) of the total number of deaths in Europe were due
to cancer and it was predicted to kill 1.41 million in 2019. The ESFRI
Landmarks INSTRUCT ERIC, Euro-Biolmaging ERIC, BBMRI ERIC,
EATRIS ERIC, ECRIN ERIC, INFRAFRONTIER and ELIXIR will strate-
gically contribute to the new European mission” aiming at ‘Conquer-

6.

Ecosystems and human well-being: health synthesis: a report of the Millennium
Ecosystem Assessment. WHO
http.7www.millenniumassessment.org/en/Synthesis.aspx
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ing Cancer' as their services are essential in
the multiple facet aspects of cancer-relat-
ed projects, going from understanding to
prevention and treatment of cancer.

Another very integrative mission of the H&F
Ris is that of protecting human health by
increasing Europe's preparedness for and
capability to respond to highly pathogenic
infectious threats, for which all RIs of the
Health subdomain clustered to provide an
effective organization of service provision to
address health emergencies.

The RIs of the H&F domain aim to contrib-
ute to other Missions of the Horizon Eu-
rope Framework Programs. With respect
to the ‘Caring for Soil is Caring for Life, the
ESFRI Project EMPHASIS has a major role
in providing access to services that are key
for understanding plant performance and
translate this knowledge into application.
These are complemented with services
and technologies of the ESFRI Landmarks
MIRRI and AnaEE which, together with the
ESFRI Landmark EMBRC ERIC, would also
contribute to the ‘Healthy oceans, seas
coastal and inland waters' mission.

7.
European Mission on Cancer
https.//ec.europa.eu/info/horizon-europe/missions-
horizon-europe/cancer_en

8.
Horizon Europe
https.//ec.europa.eu/info/research-and-innovation/
funding/funding-opportunities/funding-programmes-and-
open-calls/horizon-europe_en
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As Health & Food RIs grow and expand, they are developing and adopting policies that
safeguard their operation, including standardization, integration with national facilities, im-
plementation of GDPR, and adoption of cloud services to be able to cope with data storage
and analysis.

Health & Food RIs have developed intra-domain clustering in the area of data storage and
usage across the ESFRI Rls. Since March 2019, the Life science RIs have been working
within EOSC-Life? to share working best-practices in data management that will enable
and prepare the LS Rls to use EOSC*® tools and services. The complexity and scale of the
data being captured and managed by the LS Rls are already astounding and ever increas-
ing and this, along with complex metadata, presents specific issues of data management.
Moreover, this would facilitate interdisciplinary research in the area of health-environmen-
tal-food that is needed for the health and well-being of 450,000,000 European citizen-con-
sumers and their global counterparts.

Another complementary cooperation shows the Alliance of Medical Research Infrastruc-
tures® which includes the cluster of the ESFRI Landmarks EATRIS ERIC, BBMRI ERIC and
ECRIN ERIC, providing a broad spectrum of services with a strong focus on patient benefit
and improvements in societal well-being. The clustering initiatives support the consolida-
tion of the European landscape of infrastructures towards translational-to-clinical research
that share common user communities and are highly complementary in scientific scope
and mission.

"8 CURRENT STATUS

The Health subdomain is very rich regarding the number of research areas, portfolio tech-
nologies, and connected services, and the developmental dynamics, which is especially
remarkable under the current situation caused by the SARS-CoV-2-based pandemics. The
Covid-19 actions of Rls proved a striking example of concerted tackling of an urgent prob-
lem. The RIs against COVID-19 webpage™ lists the Rls working, individually or collectively,
on the COVID-19 pandemics. Involvement of these Ris shows their crucial importance but
also uncovers developing scientific challenges that could be defined as follows:

= interdisciplinary collaboration,

= thematic versus permanent clustering, intra- and inter-domains,
= development, adaptation and enrichment and new Rls,

= Health & Food diversity,

= cross-domain and inter-sectorial clusters.

Within the Life Sciences, Rls have established closed interconnections over the past years?,
signed several inter-RI collaboration agreements and joined forces in the framework of
several EU-funded Projects, including CORBEL, EMBRIC, EOSC-life, RI-VIS, and also ERIC
Forum. For future development, it will be critically important to reinforce cross-RI activities,
especially the implementation of joint user projects, by providing adequate funding to the
Rls. Life Science RIs have also worked together with ERIC Forum to provide information and
participate in consultations for the Horizon Europe Framework, and have contributed to
9.
EOSC-life

https./www.eosc-life.eu/

10.
EOSC Portal
https.//www.eosc-portal.eu/

11
Rls against COVID-19 pandemic
https.//www.esfri.eu/covid-19
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several publications that will shape the future European Research
Area.

In light of this, the medical RIs — the ESFRI Landmarks EATRIS ERIC,
BBMRI ERIC, and ECRIN ERIC - have been jointly intensifying their
engagement of specific communities of practice, notably: patient
engagement, research and development in rare diseases, and can-
cer. In 2019, the ESFRI Landmark EATRIS ERIC signed a collabora-
tion agreement with the European Patients Forum (EPF)*? which, in
2020, has been extended to the European Patients Academy (EU-
PATI)"3,

Huge development appeared also in the field of rare diseases, es-
pecially in the context of the European Joint Programme on Rare
Diseases (EJP RD)*4. Combined, rare diseases patients count more
than 30 million people in Europe; thus the policy and RI attention to
developing diagnostic and therapeutic solutions for them is an im-
portant welfare and economic incentive. The ESFRI Landmarks EA-
TRIS ERIC is co-leading one of the four pillars and the sustainability
planning for the whole programme. The ESFRI Landmarks ECRIN
ERIC, BBMRI ERIC, ELIXIR and INFRAFRONTIER are also involved
as project partners. Interestingly, INFRAFRONTIER partners exceed
the activities in modelling the rare diseases beyond the European
border joining the world-wide Research Infrastructure of Interna-
tional Mouse Phenotyping Consortium (IMPC)*5,

Also in the cancer field, one of the Missions in Horizon Europe, RIs of
the Health subdomain are a strategic asset able to provide unique
services for understanding the molecular bases of cancerogene-
sis — e.g. ESFRI Landmarks INSTRUCT ERIC and Euro-Biolmaging
ERIC - and finding new treatments - e.g. ESFRI Landmarks IN-
STRUCT ERIC and EU-OPENSCREEN ERIC. The ESFRI Landmark
INFRAFRONTIER, providing open access calls to create models for
various cancer types interlinks with EurOPDX consortium®® to de-
velop a new platform for cancer research and patient treatment.
Future development of Rls activities in the cancer field will require
further harmonisation, standardisation, and especially utilisation of
human samples with ESFRI Landmark BBMRI ERIC to foster cancer
treatments.

12.
European Patients Forum (EPF)
https.7www.eu-patient.eu/

13.
European Patients Academy (EUPATI)
https.//eupatieu/

Several other areas which are developing in the European scien-
tific landscape, will be reinforced upon engagement of ESFRI Rls.
The aim of the One Health EJP" is to create a sustainable Euro-
pean One Health framework by integration and alignment of med-
ical, veterinary and food institutes through joint programming of
research agendas matching the needs of European and national
policymakers and stakeholders. The overarching goal of the Eu-
ropean Human Biomonitoring Initiative (HBM4EU)*® is to generate
knowledge to inform the safe management of chemicals and so
protect human health. Innovative Medicine Initiative (IMI)*? is a joint
initiative (public-private partnership) of the DG Research of the Eu-
ropean Commission and the European Federation of Pharmaceu-
tical Industries and Associations (EFPIA). The EU Joint Programme
- Neurodegenerative Disease Research (JPND)?° is the largest
global research initiative aimed at tackling the challenge of neuro-
degenerative diseases. The Joint Programming Initiative on Antimi-
crobial Resistance (JPIAMR)** is a global collaborative organisation
and platform, engaging 28 nations to curb Antimicrobial Resistance
(AMR) with a One Health approach.

The current development of the H&F RIs brings also a new inter-
disciplinary RI the ESFRI Project EIRENE RI on the roadmap. This RI
fills the gap in the European infrastructural landscape and pioneers
bridging the topic of environmental impact and human health with
the topic of human exposome, i.e. environmental determinants of
health. This effort will lead to improved understanding of an im-
pact of exposome on the European population, characterization
of the risk factors behind development of chronic conditions, and
discovery of novel tools for their prevention and treatment. It also
brings together the leaders of the EU and US Environment & Health
research to advance new scientific developments and establish a
large-scale interdisciplinary research providing harmonized work-
flows covering all processes between the data and sample col-
lection and knowledge provided to the end users accessible to
academic researchers, private companies, public authorities and
citizens.

17.
One Health EJP
https://onehealthejp.eu/

18.

14. European Human Biomonitoring Initiative (HBM4EU)
European Joint Programme in Rare Diseases (EJP RD) is a H2020-funded project https./www.hbma4eu.eu/

(2019-2023), bringing over 130 institutions from 35 countries to create a comprehensive -

sustainable ecosystem allowing a virtuous circle between research, care and medical 19.

innovation Innovative Medicine Initiative (IMI)
https./www.ejprarediseases.org/ https./www.imi.europa.eu/

15. 20:

International Mouse Phenotyping Consortium (IMPC)
https:./7www.mousephenotype.org/

EU Joint Programme - Neurodegenerative Disease Research (JPND)
https.//www.neurodegenerationresearch.eu/

16.
EurOPDX consortium
https./www.europdx.eu/
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Joint Programming Initiative on Antimicrobial Resistance (JPIAMR)
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The Food Challenge is multifaceted and complex. e are facing
a challenge in securing food supply to a global growing popula-
tion. Population projections estimate that by 2050 the world pop-
ulation will increase to 9.6 billion and 12.3 billion people in 210072,
The ability to feed the world's growing population is dependent on
the capacity of food supply to meet future food demand, and food
demand is expected to increase anywhere between 50% and 100
% by 2050%3. New disruptive technologies and strategies must be
developed and adopted to be geared towards increasing food pro-
duction while minimizing environmental impact, carbon footprint,
and emission of greenhouse gasses. Such new technologies de-
velopment should help contribute to sufficient supply of affordable
food for European citizens and help facilitate the transition set out in
the EU's Farm 2-Fork Strategy for fair, healthy, and environmentally
friendly food systems. The Strategy is also central to the Commis-
sion's agenda to achieve the United Nations' Sustainable Develop-
ment Goals (SDGs), particularly goals related to food and nutrition
security. In the same way, the Food 2030%* is an EU research and
innovation policy that aims to apply a holistic system-based princi-
ple to meeting the SDGs, and to future proofing our food systems
under four main priorities: Nutrition, Climate, Circularity, and Inno-
vation. This systemic approach views the way food is produced and
how it affects health, well-being and the environment as a circu-
lar issue comprising all elements of food production, processing,
packaging, logistics, and distribution, healthy people, and recov-
ered waste streams.

Asignificant part of the food challenge is our food consumption pat-
terns and their impact on our physical health and health systems.
To effectively realize the transition to healthy and sustainable diets,
interdisciplinary linkages between domain specific Rls are urgently
needed to address the health and food challenges in an integrated
way, including the modification of current eating habits of Europe-
an citizens. Worldwide increases in calorie consumption combined
with a sedentary lifestyle with low physical activity is emerging as
an increasing problem with harmful impacts. Incidences of met-
abolic syndrome, type 2 diabetes and related lifestyle-related
non-communicable diseases are increasing worldwide, escalating
the healthcare costs. Moreover, there is also expected increase of
aged population, those aged over 65 years are anticipated to ac-
count for over 22% of the global population by 2050. \When con-
sidered together with an increased life-expectancy and a need for
extended active working years, the need for nutritional solutions to
both maintain and enhance the quality of becomes increasingly ap-
parent. The dietary habits will not only effect on human health but

22;
World population stabilization unlikely this century. P. Gerland et al. Vol. 346, pp. 23.
(2014) DOI: 10.1126/science. 1257469
https.//science.sciencemag.org/content/346,/6206/234

4-237

23.
The future of food demand: understanding differences in global economic models. H
Valin et al. Volume 45, pp. 51-67 (2014)

https./www.researchgate.net/publication/258883059_ The_Future_of_Food_Demand_

Understanding_Differences_in_Global_Economic_Models
24.
Food 2030

https.//ec.europa.eu/info/research-and-innovation/research-area/environment/
bioeconomy/food-systems/food-2030_en
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it will also influence the agricultural system, which will meet also
changes in environmental conditions due to the climate change.
At a global scale, adoption of more plant-based diets may partic-
ipate on reduction of development diseases and global mortality.
However, several studies, including a major review by the Food
and Agriculture Organization (FAO) of the United Nations, predict
a substantial increase in meat consumption in the next decades?.
Most of this increase will occur in low and middle income coun-
tries. In essence, understanding the interconnection between diet,
environment and agricultural production is essential to be able to
define possible scenarios and set the boundaries for a sustainable
agriculture at a global scale.

In order to meet the increase in animal and crop production that will
be required to feed the projected future population, enhanced pro-
ductivity on existing agricultural lands through genetic selection,
improved fertilizer and irrigation methods and adopting new meth-
ods like precision farming will be necessary. Intensive and large-
scale agriculture should be achieved without negative impacts on
air and water quality, biodiversity, carbon footprint and infectious
disease transmission. This could be in part facilitated by Al & ro-
botic, for monitoring and modelling of the environmental effects on
food production and its application in precision agriculture.

8 CURRENT STATUS

The ESFRI Project EMPHASIS will provide Rl for the quantitative
measurement of plant properties (plant phenotyping) under di-
verse environmental scenarios. This is crucial for the characteriza-
tion of phenotypic variability, which is at the base of plant breeding,
and the subsequent identification of the genes controlling plant
traits. Ecosystem services, central to food security and human
welfare, are at the core of the ESFRI Landmark AnaEE. These ser-
vices are instrumental for analysing factors affecting different
aspects of the ecosystem, from the use of land and nutrient in-
put, to changes in the production of food, of raw material and
of bio-energy, to climate change at global and local scales, to
loss of biodiversity, tackling pollution problems, etc. Several of
these global change drivers have the potential to disturb criti-
cal ecosystem processes, eventually leading to tipping-points
and catastrophic changes in ecosystem functioning. The ESFRI
Project METROFOOD-RI, Infrastructure for promoting Metrology
in Food and Nutrition, tackles services to various stakeholder
in the field of food quality and safety. It provides high-quality
metrology services in food and nutrition, comprising an import-
ant cross-section of highly interdisciplinary and interconnected
fields throughout the food value chain, including Agri-food, sus-
tainable development, food safety, quality, traceability and au-
thenticity, environmental safety, and human health. By providing
Ris for the study of the interactions between agriculture and
environment, the ESFRI Landmark AnaEE, EMPHASIS and MET-

25,
World agriculture towards 2030/2050: the 2012 revision
http./www.fao.org/3/a-aplO6e.pdf
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https://www.science.org/doi/10.1126/science.1257469
https://www.researchgate.net/publication/258883059_The_Future_of_Food_Demand_Understanding_Differences_in_Global_Economic_Models
https://ec.europa.eu/info/research-and-innovation/research-area/environment/bioeconomy/food-systems/food-2030_en
https://ec.europa.eu/info/research-and-innovation/research-area/environment/bioeconomy/food-systems/food-2030_en
http://www.fao.org/3/a-ap106e.pdf
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ROFOOD-RI contribute to the definition of possible strategies for
the development of a sustainable agricultural system.

The food system is also highly dependent on manifold functions
of microrganisms that are involved in a myriad of processes, from
plant nutrition to food processing. The ESFRI Landmark MIRRI, al-
though primarily involved in the biomedical area, makes available
a broad range of high-quality microorganisms, their derivatives,
associated data, services and expertise, which are key assets for
researchers and bioindustries to deliver the maximum value and
impacts from their projects, technologies and products targeting
different Sustainable Development Goals. MIRRI can contribute to
deliver the impacts of the 'SDG 2 | Zero Hunger', especially in what
concerns to promoting sustainable food production systems and
the access to safe, nutritious and sufficient food.

Progress in plant breeding and innovation in agricultural practices
will be at the basis of the increase in agricultural production in the
next future. The introduction of molecular techniques is acceler-
ating the breeding process and recent advances in genomics, to-
gether with the development of plant phenotyping, are facilitating
the identification of key genes controlling productivity and nutri-
tional quality. In this context, the ESFRI Project EMPHASIS plays a
pivotal role in the development of different types of plant pheno-
typing platforms for the quantitative measurement of plant traits
in high throughput, to enhance plant breeding and enable resilient
agriculture. Several efforts are being made also to understand how
a changing climate is going to affect yields and the nutritional char-
acteristics of the edible part of crop plants. This requires monitoring
of the effect of the environment on plant growth under a variety of
experimental conditions.

The transformation of the food system is likely to involve a move
towards greater reliance on plant-based food sources in our diet,
at least in some countries. This will require a refocusing of breeding
efforts in order to improve both the nutritional and technological
characteristics of plant proteins, and reduce the presence on an-
tinutritional factors in plant raw materials. The transition will also
require piloting and up-scaling facilities to for the processing of raw
materials including plant, algae, marine life, fungi and micro-organ-
isms. The ESFRI Landmark INSTRUCT ERIC on the use of structural
biology to support plant and animal sciences, the ESFRI Landmark
ELIXIR on life sciences large-scale data and knowledge manage-
ment, and the ESFRI Project METROFOOD-RI will be functional
in achieving these goals. A continued development of the marine
biotechnologies, which is central to the ESFRI Landmark EMBRC
ERIC, towards Blue Growth can contribute to deliver the long-term
strategy to support sustainable growth in the marine and maritime
sectors. Of course, achievement of the UN Sustainable Develop-
ment Goal to "halve per capita global food waste at the retail and
consumer level, and reduce food losses along production and sup-
ply chains by 2030" could contribute greatly to addressing the food
challenge. As some 1.3 billion metric tons, or one-third of all the
food produced, is thrown away (United Nations' Food and Agricul-
ture Organization), it is estimated that recovering just 25% of that
wasted food could feed 870 million hungry people - effectively
ending world hunger.
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The Joint Programming Initiative on Agriculture, Food Security and
Climate Change (FACCE-JPI)?® brings together 24 countries who
are committed to building an integrated European Research Area
addressing the interconnected challenges of sustainable agricul-
ture, food security and impacts of climate change. The Joint Pro-
gramming Initiative a Healthy Diet for a Healthy Life (JPI HDHL)??
brings together 26 countries that align research programming and
fund new research to prevent or minimize diet-related chronic dis-
eases. The joint health and environmental challenges require fos-
tering innovative research at the cutting edge of these domains.

26.

Joint Programming Initiative on Agriculture, Food Security and Climate Change (FACCE-JPI)
https.//www.faccejpicom/

27.

Joint Programming Initiative a Healthy Diet for a Healthy Life (JPI HDHL)

https./www.healthydietforhealthylife.eu/
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GAPS, CHALLENGES AND FUTURE NEEDS

ESFRI RIs by definition are built on a foundation of scientific excel-
lence and their continuous effort and investment in developing new
technologies and resources of high-quality and standards allows to
tackle the highly complex challenges.

HEALTH CHALLENGES

For the Health subdomain, challenges include the following items.

= Develop and implement platforms and tools to address pan-
demics including tools for diagnostics, early intervention, de-
velopment of cures and prevention approaches - e.g. vaccines.

= Tackle antimicrobial resistance.

= Develop research and service platforms for neurodegenerative
diseases as well as ageing and environmental impact (expo-
somes).

Fostering complementary research activities among health-en-
vironment-food interdependencies would allow to fill the current
gaps and facilitate innovation in the food-nutrition-health axis.

= Boost RIs complementary services and expertise addressing all
phases of cancer research to fully support Mission on Cancer.

= Facilitate precision medicine, stratified and personalised treat-
ments and healthcare, tailored also to rare disease subgroups
or individuals, providing multi-scale facilities as test-beds for
pharmaceutical and biopharmaceutical (therapeutics) manu-
facturing.

This stratification should take into account the paediatric as-
pects, including methodologies and tools covering paediatric
specific pharmacology, formulation, devices and innovative bio-
logical-driven drug discovery tools as well as data science ap-
plications.

= Develop tailored healthcare interventions and robust models
for prevention and treatment, bridging the gap between ge-
nomic information and clinical practice.

HEALTH NEEDS

The emerging picture is complex and indicates that Health chal-
lenges cannot stand in isolation. They have to be framed in the en-
tire science and innovation landscape, taking in consideration the
following needs.

= Excellent science, technologies and high-quality data to de-

velop effective preventions, including screening technologies,
diagnostic opportunities, and treatment requests.

= Development of treatments for diseases, which requires a full
understanding of their molecular bases, the design of new ther-
apeutics and investments into the testing facilities within pre-
clinical development, empowering their translation.

= Build complex inter- and cross-disciplinary research models,
technologies, with bridges between scientific disciplines, en-
terprises and the society, bringing together leading science,
state-of-the-art technologies, healthcare providers, relevant
industry sectors.

= Empowering state-of-the-art technologies, such as 3D tissue
models which can replace certain organ parts, and single and
intra-cell technologies, to improve our knowledge about how
different cell types communicate and collaborate within an or-
gan.

= Enabling research approaches that will combine genetics, envi-
ronmental, and societal challenges.

= Training of novel bioinformatics experts to integrate and interact
with health care.

= Climate change, extreme weather, dramatic changes in ecosys-
tem services, environmental pollution and exposure to harmful
chemicals represent a new combination of issues that require
an integrated approach at the pan-European level.

= Enabling a suitable environment to facilitate research on human
health and well-being at all stages in development, including
ageing, nutrition and behavioural studies, and their connections
to the Social Sciences and Humanities.

HEALTH EMERGING AREAS

As the societal needs of Europe evolve, ESFRI should consider a
strong clustering program, creating an interdisciplinary environ-
ment for new emerging areas.

Synthetic biology. Connection to health, future therapies, food &
agriculture. Programmable bacteria/microbiota.

Future therapies. Fostering translation of new technologies and
genetic findings to enable efficient disease correction and cure.
Gene-therapies: genome editing, personalized medicine including
cancer and rare diseases.

Infections threats and their impact. Multi-sectorial Rls providing
capacity and expertise to diagnostics and prevention/treatments
of infection. Revealing gaps and possible future developments.
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Biomedical engineering and electronics.
An interpectoral collaborative platform or
a new RI could advance biomedical re-
search and innovation especially with re-
gards to clinical use in the area including
new sensors and various medical devices,
and embedded electronics such as: Wear-
able devices and implantable technologies;
Nanorobotics; Brain-computer interfaces
(BCls).

Biotechnologies to interconnect classic
Health RI with preclinical-to-clinical tech-
nologies. 3D-bioprinting and technology for
biomedicine to bridge the gap among bio-
logical science, medicine, and biomedical
engineering.

Intra-domain, inter-domain and cross-sec-
torial clusters to fill existing gaps. Chemis-
try-preclinical development interface, a Rl
platform to facilitate and speed up transla-
tion into medicinal practice.

RI platform for assessment and manage-
ment of human health as environmental
medicine in strong connection to healthy
ageing, e.g. to initiate a trans-disciplinary
infrastructure that would support stud-
ies of the environmental factors, including
the working conditions and circadian mis-
alignment, on human health; more studies
need to be supported in this area in order
to identify scientific connections, provide
mechanisms and pinpoint individuals at the
highest risk.

Linking dietary behaviour to both health
and environmental impact regarding the
research on physiological and behavioural
determinants would generate unique sci-
entific data that would allow to understand
the impact of the nourishment on human
health.

Data. The complexity and scale of the data
being acquired and managed by the Health
subdomain Rls is already astounding and
ever increasing and this, along with com-
plex metadata, presents specific issues of
data management that need to be framed
within EOSC architecture.

Furthermore, the rules and guidelines of
how to collect and properly use patient
data need to be further developed. The
challenge of data, management and stew-
ardship for precision medicine is to some

extent met within the H&F ESFRI RIs. Ethical,
legal and social implications are included
and taken care of by clinical and health-fo-
cused RIs. However, multiple gaps still exist,
both at level of data sharing among differ-
ent communities, as well as of unifying data
collection.

Artificial intelligence has also been iden-
tified as an infrastructure to generate op-
portunities and combine data from different
resources. There is an obvious connection
with the DIGIT domain.

FOOD CHALLENGES

In the Food subdomain, the following gaps
and challenges need to be addressed.

= A gap regarding the focus on animals
in agriculture and food sub-domain. A
new infrastructure or an upgrade of ex-
isting efforts are needed at EU-level in
the field of food, nutrition and process-

ing.

Concerted effort to continue bring-
ing together national facilities at the
pan-European level in the field of ani-
mal genetic resources, phenotyping
and breeding, animal health is needed
to contribute to address the challenge
to produce safe, healthy and sustain-
able food.

= Large farm animals, poultry and fish, of-
ten in relation to adaptation to climate
change and higher feed efficiency.

= World-class facilities for the integration,
conservation and coordination of na-
tional and international animal genetic
stock and potential stock lines for adap-
tation to climate change.

= Integration of facilities for bioimaging,
digital imaging, genomics, proteomics
and metabolomics along with field and
veterinary facilities with farm-scale ex-
perimental platforms for animal studies
and phenotyping, including aquacul-
ture and animal disease facilities.

To bring together pilot-scale facilities,
demonstrators and up-scaling facilities
to enable access to the production and

ESFRI ROADMAP 2021 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES

processing of materials, chemicals (e.g.
antibiotics) and energy, using biological
resources, including plant, algae, ma-
rine life, fungi and micro-organisms.

= High-quality metrology services in food
and nutrition, comprising an important
cross-section of highly inter-disciplinary
and inter-connected fields throughout
the food value chain, including agri-
food, sustainable development, food
safety, quality, traceability and authen-
ticity, environmental safety, and human
health.

= Integrated approaches including e-In-
frastructures are needed to systemat-
ically predict, diagnose, prevent and
treat plant and animal disease, and to
device effective responses to mitigate
the impact on agri-ecosystems.

= Tools for the monitoring of food con-
sumption patterns, to measure their
impact on our physical health and
health systems, on agriculture and the
environment would be instrumental for
the development of a sustainable food
system.

FOOD NEEDS

Fulfilling the following needs should help to
tackle Food subdomain-specific challenges
whose solutions should be solved within
the already established RIs.

Sustainability and improving plant health
and ecosystem functioning. The Food sub-
domain Ris need also to focus on system
approaches for effective management of
pests and harmful alien species to ensure a
European food security system. It should be
well balanced with a sustainable agro-eco-
logical transition and ecosystems services
while developing practical solutions to pre-
dict, prevent and protect agricultural and
forestry ecosystems from native and alien
pests (introduced in EU Member States)
through integrated agro-ecological ap-
proach to plant health.

Reducing greenhouse gas emissions in
ecosystems, especially in agriculture.
There is a need to reduce the environmental
and climate footprint of European agricul-



tural crop production. The aim is quantifying the potential of prom-
ising agricultural practices (improved fertilization methodologies,
water management, and microbiological-targeted amendments)
on crops to improve or maintain ecosystem services delivery (C se-
questration, reduction of GHG emissions, maintaining water quality,
high quality food production), in EU, and under future climate.

Ecosystem carbon storage. European forests constitute a sink
for 450 million tons of CO2 per year, plus in addition 5 million tons
stored in woody biomass and 30 million tons in forest soils. Wet-
lands, 21% of the European surface are also important for CO2
sequestration. However, forests are currently impacted by global
change, and extended drought periods make their resistance to
perturbation decrease, and less resistant to pathogens. Only 50%
of wetlands are considered in good state. Improving the health of
wetlands, and the adaptation of forests to global change pressures
will result in preserving this important CO2 sink. Moreover, sustain-
able amendments can be tested in agriculture to sequester carbon
(negative emission technology).

Energy and climate-smart food systems. These systems as well
as sustainable agricultural production systems can become viable
solutions for development and bring significant structural change in
rural areas relying on clean energy solutions.

Prevent biodiversity loss. Global loss of biodiversity is threatening
the security of the world's food supplies and the livelihoods of mil-
lions of people. Land-use changes, pollution, overexploitation of
resources, and climate change are the biggest drivers of this bio-
diversity loss.

Digital platform technologies. Increase the availability of digital
platform technologies (e.g. 5G; robotic, artificial intelligence) with
increasing opportunities for crop breeding and production. The
development and implementation of novel technology including
machine learning (needed e.g. for smart farming), of common stan-
dards to enable use and reuse of data from agriculture, and data
sciences from sensors to prediction models and decision support,
would be functional to the sustainable intensification of agriculture.

A topic which could be considered as an additional challenge is
related to the development of animal vaccines and treatments for
crops. This requires to exploit the integration of services in both
the Health and the Food domains and include an effort to integrate
new chemistry-based Research Infrastructure. The Health domain
provides the tools for characterizing diseases (virus, bacteria, etc)
and for designing treatments. The Food domain could provide fa-
cilities for testing them and giving feedback for their optimization.
The possibility to set up a Rl in Vaccine Development is currently
pursued by Transvac-DS?2,

With the addition of the ESFRI Projects EU-IBISBA and METRO-
FOOD-RI many of the challenges in the landscape in this thematic
area could be tackled, especially if the Health & Food Rls would
interact to develop together solutions addressing the health status
of people in connection to sustainable food production.

28.

TRANSVAC infrastructure
https.//www.transvac.org/transvac-ds
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For each of the above mentioned fields, it is paramount to embrace
the principle that Health & Food RIs hold the keys for the full and
successful implementation and/or development of pan-European
and national efforts to improve Health & Food Rls, expanding their
capabilities to respond to current and future demands.

Furthermore, a Chemistry-specialised Research Infrastructure, so
far not presented in the ESFRI landscape would be highly needed
for the whole H&F domain to solve major challenges in Europe.

Significant innovations and new developments often occur at the
boundaries of research areas. It is envisaged that the development
of the EOSC, providing an open science ecosystem for research
data following FAIR principles, will foster the critical role of H&F
Ris and their capability to connect their efforts with other domains,
where they have the potential to pioneer new ways of working and
realise true interdisciplinary.
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PHYSICAL SCIENGES &
ENGINEERING

Research Infrastructures have a profound impact on
research excellence, organisation of research and
structuring of Physical Sciences and Engineering
communities. Rls are scientific and technological
hubs, which fully engage scientists to create, design,
and exploit facilities to advance science, industrial
innovation and manufacturing, with overall benefit to

society.

The successful European Rl landscape is
the result of a long-term coordinated strat-
egy to pool efforts and resources through
international collaborations with inclusive,
open, and excellence-based access pol-
icies. PSE RIs enable innovative research
and technology development at a Europe-
an and global scale, with a solid coverage of
Astronomy & Astroparticle Physics (A&AP),
Particle & Nuclear Physics (P&NP), and An-
alytical Physics (AP), and a growing system-
atic impact in new areas. PSE RIs are core
research centres for producing excellent
science culminating in several Nobel priz-
es for Physics and Chemistry. The common
practice of Rls towards global cooperation
enables even greater exchange of knowl-
edge, skills and scientific advances. This
way they can very efficiently address and
solve scientific challenges, often combin-
ing multiple simultaneous probes and mes-
sengers within a complementary methods
approach.

Rls have demonstrated their instrumental
role to scientific communities and society
during the COVID-19 pandemic, providing
technologies, services and analytical skills,
routinely available to PSE researchers, to
support a prompt and well-coordinated
response to a complex emergency. Rls
have responded rapidly to new challeng-
es, drawing on their strengths as science
pillars, knowledge hubs and providers of
reliable open data. Analytical facilities such
as synchrotrons, neutron sources, lasers
and electron microscopes were agile to
rapidly establish access procedures for ex-
periments on the structure and functioning

of the virus. The COVID emergency accel-
erated the broader trend in the ability of RI
to deploy their competences and capacities
to address urgent societal issues, including
the five Missions identified for Horizon Eu-
rope. Continued fostering of scientific and
technological innovations is essential to
develop the Ris and their co-operation be-
yond the state-of-the-art. It is also critical to
create strategies for outreach to increase
public awareness of the crucial role of RIs in
helping Europe to reach the goals of these
missions.

THE PSELANDSCAPEAND ITS EVOLUTION
PSE RIs enable understanding the physical
structure of nature and its interactions over
an enormous range of distances, energy
and time, from the Big Bang to now, and
from subnuclear scales to the whole ob-
servable Universe.

The landscape contains a variety of
RIs in terms of advanced technologies
and services for research and innova-
tion. In ASTRONOMY & ASTROPARTICLE
PHYSICS, data-sharing methods are ex-
tremely advanced and the remotely collect-
ed observational data represent an invalu-
able asset that can be accessed worldwide
for research and educational scopes. In
PARTICLE & NUCLEAR PHYSICS the ex-
ploitation of colliders and accelerators is
organized under the umbrella of large in-
ternational collaborations with researchers
physically accessing the facilities to per-
form the experiments. For ANALYTICAL
PHYSICS, the successful model of synchro-
trons gives access to a very large number

PHYSICAL SCIENCES
& ENGINEERING

of diverse users moving to the facilities to
carry out approved-for-access research. In-
tegration of large-scale analytical facilities
with complementary material synthesis,
characterization and numerical simulation
services facilitates the close engagement
with researchers across universities, insti-
tutes and industry.

An overview of the Ris currently forming the
European landscape is shown Figure 1. This
is an updated version of the last Roadmap
data on Ris based in Europe or participated
by European countries, running internation-
al open access programmes for users.
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MACGT% HESS, EST, DKIST
KM3NeT 2.0, )/_ \K ORP TNA optical telescopes,
lceCube, \\ELT, VLT/I, Rubin/ LSST
Baikal-GVD

ORP TNA radio telescopes,
L|E;%O|2\£GR§£ % SKAO, ALMA, IRAM,
Einstein Tolescope 5 European VLBI Network
(o)
ASTRONOMY &
ASTROPARTICLE S
LISA PHYSICS Euclid, PLATO
Bepi Colombo, ARIEL,

Exomars, JUICE, .
Mars Sample Return Euclid, JWST

G,
e, O-
Re [ GaMMA-
RAYS
Cluster, SOHO, XMM-Newton,

Solar Orbiter, Parker Probe I Athena

Integral,
Fermi

AWAKE,
FLASHForward,
EuPRAXIA

HL-LHC, EIC, ILC,
CLIC, FCC, LHeC, NICA

PARTICLE
& NUCLEAR
PHYSICS

SPS,

ISOLDE, LNL,

JYFL, HIPA, SPIRAL2,
SHE-Factory, FAIR,

MYRRHA, ESS ERIC

DAFNE, ELSA,
MAMI, HiMB,
ELI ERIC (NP), MAX IV
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ALBA, BESSY-II, Diamond,

Elettra, ESRF EBS, MAX-1V,
PETRA-III, Soleil, SLS, EuXFEL,
FERMI, FLASH, SwissFEL
NETWORK: LEAPS

AGOR, Atomki,
ISOLDE-CERN, ANALYTICAL
GANIL, GSI, HZDR PHYSICS

NETWORK: RADIATE

ESTEEM3,
eDREAM

Key questions that the PSE RIs help to answer for the progress of
human knowledge are:

= What is the origin of the Universe and its constituents and how
did they evolve to their present form? Is there a unified theory
of the forces of nature?

= \Xhat are the conditions that enable life and is there life outside
Earth?

= What is the nature of dark matter and dark energy and what
is their connection to physics beyond the Standard Model of
particle physics?

PHYSICAL SCIENCES
& ENGINEERING

ESS ERIC, ILL, ISIS, IBR-2,
MLZ, SINQ, JEEP I, REZ, BNC,

Delft, Vienna
%NETWORK LENS

% EMFL

l ELI ERIC (BL, ALPS, NP)

NETWORK: LaserLab-Europe AISBL

FIGURE 1.

The Landscape of the Physical Sciences & Engineering domain

* What are the relationships between the functionality and prop-
erties of materials and their atomic structure and dynamics?

* How to engineer new materials with unprecedented proper-
ties?

Answering these questions underpins the vision of scientific re-
search in the PSE domain and defines the mission of the PSE Rls.
However, gaps remain in the landscape that should be filled to sat-
isfy the scientific needs to answer these questions. Table 1 provides
a view of the vision and gaps against the relevant ESFRI PSE pro-
gramme, with non-ESFRI large scale international Rl's programmes
also contributing to address some of the questions.
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VISION GAPS & CHALLENGES ESFRIRIs
ASTRONOMY & Understand the Universe and Integration of multi-messenger information CTA
éﬁ&g%PSARﬂCLE Z\s/g:ﬁrtwizt:uents, their origin and Temporal domain ET
Search for life ELT
High angular resolution/adaptive optics EST
KM3NeT 2.0
SKAO
PARTICLE & Understand the fundamental par-  High field (High Tc) superconducting magnets EUPRAXIA
gH%FCASR tihcelejgcgr?ggsgtgzgigaié?sgg . High gradient acceleration with breakthrough FAIR
physics beyond the standard model technologies HL-LHC
E(e);;igs for high intensity and high quality muon KM3NeT (ORCA)
High performance detector for photons and charged SPIRAL2
particles
High intensity rare isotope beams
ANALYTICAL Solve grand societal challenges by  Higher brilliance and stronger fields ELI
PHYSICS Eﬁgg?é?g;&orr:ﬁ;ig{;gggﬁ?ﬁ ntal Higher temporal and spatial resolution EMFL
In situ and in operando experiments ESRF EBS
Detector technology ESS ERIC
European XFEL
ILL

PSE RIs share technologies, tools and prac-
tices that go beyond thematic disciplines
and constitute a solid basis for effective co-
operation. Sharing technologies increases
the efficiency of the RIs while lowering their
overall cost.

The data and data analysis chain - FAIR
principles (Findability, Accessibility, In-
teroperability, and Reusability), big data,
open data, open software, deep learning,
etc. - and enabling technologies for inter-
operability and digitalization are exemplars.
However, despite the Big Data challenges
pressing on the field, a common limitation is
that funding of the data and computing in-
frastructure is not always included in the RI
initial cost estimate. The large experiments
of Particle & Nuclear Physics, through their
needs for massive data transfer, storage and
processing, drive the field of Big Data. The
complexity of the data structures requires
development of sophisticated data analysis

TABLE 1.

Research drivers of the PSE subfields against the ESFRI RIs programme

approaches based on artificial intelligence
methods. Quantum computing, although
still far from practical implementation, of-
fers the potential to solve specialized tasks
much more effectively than conventional
methods. At the Analytical Physics facili-
ties, the brilliance increase enables higher
throughput of samples with higher resolu-
tion by employing faster and larger detec-
tors. The rapid growth of the data produced
at these RIs creates needs for strategies to
transfer, store and treat Big Data. Also, the
increasing number of multidisciplinary us-
ers demand new fast and reliable tools for
analysis of large datasets. Use of artificial
intelligence as well as standardisation in
the hardware and software will aid progress
toward this goal.

Technologies developed specifically for the
needs of RI often spill-over to other fields,
finding widespread cross-disciplinary ap-
plications with a large impact on society
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and citizens. Particle & Nuclear Physics
requires accelerators at the forefront, new
types of detectors with increased resolution
and sensitivity, and highly efficient systems
for acquisition, storage and processing of
some of the largest data-streams ever en-
countered. These front-line technologies
ultimately find their way into numerous ap-
plications in medical imaging and therapy,
advanced detection and diagnostic meth-
ods, environmental science, computing etc.
The methods of Particle & Nuclear Physics
are closely related both in terms of science
and in technology, but have significant
overlaps with many other fields in astropar-
ticle, astronomy, material science, real-time
chemistry and biology. Closer cross-dis-
ciplinary exchanges are burgeoning and
should be further reinforced. The selec-
tion of common tools in Table 2 shows the
crossing between thematic areas.
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ASTRONOMY & PARTICLE &

ASTROPARTICLE NUCLEAR ANALYTICAL
COMMON TOOL & KEY TECHNOLOGY PHYSICS PHYSICS PHYSICS
Adaptive mirrors (]
High field and superconducting magnets [ ] [ J
High gradient acceleration [ ] [
Isrlta%iliigtgir;‘;?t/rsg?ms, instrument and ° ° °
Detectors ([ ([ [ J
Cryogenics [ ] [ ] [
Big and FAIR data [ ] [ ] [ ]
Deep learning, Artificial Intelligence [ ] [ ] [ J

The PSE RIs provide FAIR datasets of high
reproducibility and quality as well as ad-
vanced data analysis methods and compu-
tational resources, contributing to drive the
European Open Science Cloud (EOSC) and
to make it workable. As demonstrated in as-
tronomy, a global implementation of a FAIR
disciplinary framework and openly avail-
able data, the so-called astronomical Virtu-
al Observatory, enables exploitation of the
data produced by the Infrastructures by any
scientist around the world, and provides ac-
cess to premium scientific data also to citi-
zen scientists. Rl services, however, should
evolve to cope with the new needs of FAIR
data, effective Interactive Remote Access
(IRA), and mission-originated demand for
research. This evolution requires signifi-
cant strengthening of the skilled human
resources available at Rls, to make IRA and
mission-driven research possible. Boosting
in-house science capability can better sup-
port the wider research community. New
access schemes, different from the tradi-
tional model of users' originated projects,
should be developed. The model of re-
mote observation, common in Astronomy,
could be more widely applied to the other
domains. In the case of analytical facilities,
protein crystallography has shown that ro-
botized beamlines and mail-in samples can
tremendously improve the throughput in
standardized measurements. On the other
hand, in certain highly specialized experi-

ments, users and their hands-on expertise
will still be needed to be present at the
facility. Nevertheless, IRA technologies,
from real-time on-line remote connection
to augmented reality technologies, should
be implemented to make the user control
of remote experiments as effective as pos-
sible. This would improve the productivity
of RIs while guaranteeing efficient training
for young researchers. Increasing human
resources at RIs can be pursued in various
ways. A further increase in PhD students
carrying out their research program at Rls,
and Post-Doctoral positions at Rls, would
reinforce the RIs as research and know!-
edge hubs in cooperation with universities
and industries. RIs can play an increased
role in preparing and training skilled young
scientists and technology developers, as
innovation-ready employees of industry
and civil services.

REINFORCING Rl COLLABORATION
THROUGH NEW MODELS

Interconnection of RIs can occur sponta-
neously via clustering and joint offering of
services such as common developments
of protocols for FAIR data and services.
The EOSC will be an element of evolution
of the landscape. Interoperability of Rls
is a new organizational and technologi-
cal frontier enabling overarching research
programmes beyond the measurement or
observation session model and widening

TABLE 2.

Tools and key technologies common to the subfields

the portfolio of services for the users com-
munity. Clustering is powerful in enabling
synergies between the ESFRI Rls, including
sharing of technologies and best practices.
A framework should be established to en-
courage such endeavours under Horizon
Europe, beyond the current cluster projects.

The Astronomy ESFRI & Research Infra-
structure Cluster project (ASTERICS, 2015-
2019) successfully gathered the Astronomy
& Astroparticle ESFRI RIs. Enhancing their
performances beyond the state-of-the-art,
it demonstrated the power of building syn-
ergies and common endeavours between
the ESFRI RIs. ASTERICS was succeeded in
2019 by the European Science Cluster of As-
tronomy & Particle Physics ESFRI Research
Infrastructures (ESCAPE) - one of the five
EOSC-related Clusters, which includes the
European Organization for Nuclear and Par-
ticle Research (CERN), and the European
Southern Observatory (ESO). ESCAPE also
brings on board other world-class estab-
lished astronomical observatories, such as
those operated by ESO (e.g. APEX, ALMA,
the Paranal and La Silla observatories) and
other Research Infrastructures including
the European Gravitational-Wave Observa-
tory (EGO-Virgo) and the Joint Institute for
VLBI ERIC (JIVE), and the European Virtual
Observatory teams.
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Along with clustering of thematic Rls, a new
model of multiple exploitation of broad-
ly thematic Ris to pursue scientifically fo-
cused goals is proposed by the Analytical
Research Infrastructures in Europe (ARIE)*
position paper, where the alignment and
exploitation of the wide range of services
available at the RIs enable to meet the five
Horizon Europe Missions, i.e. climate change,
cancer research, climate-neutral and smart
cities, healthy oceans, seas, coastal and in-
land waters, as well as soil, health and food.
There are seven European networks under
the ARIE umbrella representing about 120
national and international research facili-
ties, including all the thematic ESFRI Proj-
ects and Landmarks: the League for Euro-
pean Accelerator based Photon Sources
(LEAPS)* brings together the European ac-
celerator based light sources, the Europe-
an Distributed REsearch Infrastructure for
Advanced Electron Microscopy (e-DREAM)
collects the major actors in electron mi-
croscopy, LaserLab-Europe® coordinates
the laser infrastructures, the League of ad-
vanced European Neutron Sources (LENS)*
the neutron facilities, EMFL the high mag-
netic field facilities, and INSPIRE the pro-
ton and RADIATE the ion facilities. These
networks thrive to create common tools for
data, expand user communities, advance
the technologies, and access models in-
cluding industrial use. This is a joint effort
undertaken within the networks and, under
the ARIE umbrella, crossing the networks.

A pioneering approach towards the ex-
ploitation of complementary techniques
was proposed by the NFFA-Europe model,
now the newly funded NEP (NFFA-Europe
Pilot) project for nanoscience, and the
CERIC ERIC model in material and life sci-
ence. NEP provides a rich catalogue of ser-
vices and instruments to researchers who
can access the theoreticaland experimental

1
Analytical Research Infrastructures in Europe - A key
resource for the five Horizon Europe missions, Joint
Position Paper. Pre-release 8 July 2020
https.7www.lens-initiative.org/wp-content/
uploads/2020/07/ARIE-PosPaper-2020-07-07-14.00.pdf

2.
League for European Accelerator based Photon Sources
(LEAPS)

https.//leaps-initiative.eu/

3.
LaserLab-Europe
https.7www.laserlab-europe.eu/

4.
League of advanced European Neutron Sources (LENS)
https.7www.lens-initiative.org/
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facilities needed for their project. Thematic
infrastructures, intrinsically distributed and
multidimensional - highly specialized aca-
demic laboratories, large clean room facil-
ities, large fine-analysis installations - that
are already part of the landscape will most
likely evolve into more structured and inte-
grated organisations with the potential of
extending PSE resources and methods to
other fields of research such as life scienc-
es.

Recent studies assess the overall economic
impact of research carried out at Rls. This
is complex as the technological innovations
or scientific discoveries enabled by the PSE
RiIs extend over long time scales, up to de-
cades after the invention or the finding®. In-
dicators have been proposed to guide the
studies of economic impact of research at
Rls. One of the most recent studies was car-
ried out by the Centre for Economics and
Business Research (CEBR) for the European
Physical Society and published in 20196. Ac-
cording to this report, physics-based indus-
tries generate more than 16% of total turn-
over and 12% of the overall employment in
Europe, thus representing a net annual con-
tribution of at least 1.45 trillion Euro’. Evalu-
ation of the wider impact of RIs on society
and economy should include the returns on
discoveries and technology that sometimes
find applications well beyond the initial tar-
gets, apart from the easier evaluation of the
returns on RIs construction budgets that, in
a variable measure from 40% to 60%, flow
back into industries and companies of the
partner countries through the procurement
of supplies and services. The large inno-
vation potential of technical solutions, for
example, in detector and accelerator tech-
nologies, data handling, or remote control,
is often exploited also for commercial appli-
cations and act as boosters for new applica-
tions and new practices.

Ris play key roles in training, higher edu-
cation and communication to society and
citizens. As hubs of knowledge and centres

5.
STFC Impact Report 2018
https.//stfc.ukri.org/files/stfc-impact-report-2018/

6.
The Importance of Physics to the Economies of Europe -
A study by CEBR for the period 2011-2016 (2019)
https.//www.eps.org/page/policy_economy

7.
CERN Courier July/Aug 2020
https.//cds.cern.ch/record/2722711/files/
CERNCourier2020JulAug-digitaledition.pdf
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of excellence, Rls are crucial for advancing
skills by giving access to cutting-edge fa-
cilities and providing opportunities for stu-
dents and young researchers to specialise
and develop their careers in stimulating
Collaboration  platforms
with European universities and research
organisations are an important instrument
to strengthen the link between education
and research while stimulating the compet-
itive excellence profile of the RIs through a
beneficial and sustained injection of young,
motivated researchers. The constructive

environments.

links between RIs and universities are also
apparent from the provenance distribution
of the users, which in large percentages are
M.Sc. and PhD students, and the European
RiIs serve many thousands of international
users.

The overall evaluation of the users com-
munity size provides numbers as high as
30,000 for the Particle & Nuclear Physics
area, at least 30,000 for Astronomy & As-
troparticle Physicss, and 40,000 for Ana-
lytical Physics. PSE users very positively
adopted the access modes developed to
mitigate restrictions to mobility, actively
collaborating to implement interactive re-
mote participation in the actual conduct of
experiments. That prepares the ground for
a transformative usage of the RIs enforcing
the resilience of the transnational access
paradigm.

To strengthen the public perception of the
RiIs value in everyday life, well-structured
plans for communicating the unique scien-
tific achievements enabled by the Rls are
developed, explaining clearly the returns in
knowledge, technology and education for
the benefit of society.

8.
Data from the astronomical facilities is open to the global
community after a proprietary period, hence the relevant
user community is the global astronomical community.
The minimal number of potential users from the A&AP
community is derived from the number of authors of the
articles published in the 7 main journals of the field on
one year (private communication from the Astrophysical
Data System, the reference bibliographic database for
astronomy)



https://www.lens-initiative.org/wp-content/uploads/2020/07/ARIE-PosPaper-2020-07-07-14.00.pdf
https://www.lens-initiative.org/wp-content/uploads/2020/07/ARIE-PosPaper-2020-07-07-14.00.pdf
https://leaps-initiative.eu/
https://www.laserlab-europe.eu/
https://www.lens-initiative.org/
https://stfc.ukri.org/files/stfc-impact-report-2018/
https://www.eps.org/page/policy_economy
https://cds.cern.ch/record/2722711/files/CERNCourier2020JulAug-digitaledition.pdf
https://cds.cern.ch/record/2722711/files/CERNCourier2020JulAug-digitaledition.pdf
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ASTRONOMY & ASTROPARTICLE PHYSICS

Astronomy & Astroparticle Physics (A&AP)
seek to understand the Universe and its
components: from its still mysterious begin-
nings to its growing complexity, with the for-
mation and evolution of galaxies, stars and
planetary systems, until the emergence of
life. The main science questions addressed
by the RIs can be summarized as follows:

= understand the origin of the Universe
and its main constituents;

= understand the extreme conditions the
Universe hosts;

= understand the formation of galaxies
and their evolution;

= understand the formation of stars and
planets;

= search for planetary systems in our gal-
axy, study the Solar System and extra-
solar planets, search for life and under-
stand the conditions enabling life.

The domain relies on a combined approach
of observations, theoretical work and mod-
elling, and more and more on laboratory ex-
periments. The level of precision necessary
to constrain models requires high-perform-
ing space, ground-based and underground
observatories, mostly built and managed
through international collaboration, and
exploited in synergy. Observations of our
Universe extend beyond the historical op-
tical domain, to the whole electromagnetic
spectrum from radio waves to gamma-rays,
and new messengers such as gravitation-
al waves and neutrinos. Multi-messen-
ger astronomy, with its multi-wavelength,
multi-instrument approach, is the new fron-
tier to study the phenomena of the Universe
and their evolution. Underground physics
laboratories investigate the rarest phenom-
ena to discover dark matter and the nature
of neutrino mass.

Gravitational wave astronomy is develop-
ing. On-going observation of gravitational
waves is completed by the first identifi-
cations of their source by the detection of
electromagnetic and neutrino counterparts,
opening a new window for observation. It
exemplifies the potency of international

and interdisciplinary collaboration, relying
on the joint exploitation of VIRGO (EU) and
LIGO (USA) data which enables the study
of the direction of the signals, whereas the
astronomy community mobilizes its tele-
scopes to identify the electromagnetic and
neutrino counterpart of the gravitational
wave events.

The study of planets from our Solar System
through telescope observations, planetary
probes and sample return missions, has built
up a multidisciplinary field spanning from as-
trobiology to geology. In recent decades the
knowledge of planetary systems outside our
own Solar System vastly expanded, with - as
of May 2021 - more than 4,300 exoplanets
detected from ground and space observa-
tions, indicating that our galaxy alone holds
100 billion planets. With the ESFRI Land-
mark ELT and other forthcoming facilities
able to probe the atmospheres of these
planets, a new direction in comparative cli-
mate science could yield new insights about
our own planet's climate.

The usage of data from multiple telescopes
and instruments is now part of the astron-
omers' daily life. Another example of a
significant result obtained by international
collaboration involving several instruments
is the imaging of the central black hole of
a galaxy by the “Event Horizon Telescope”,
a very long baseline array which comprises
millimetre and submillimetre-wavelength
telescopes separated by distances compa-
rable to the diameter of the Earth, including
IRAM telescopes in France and Spain, APEX
and ALMA in Chile, in which European par-
ticipation is secured by ESO.

The key contribution of space missions is
illustrated by the map of the positions of 1.7
billion galactic stars and the radial veloci-
ties of 7 million of them by the Gaia satellite,
which is triggering a number of follow-up
observations with ground-based
ments. Solar Orbiter, launched in February
2020, will provide an unprecedented de-
tailed close look at the Sun.

instru-

The science drivers of Astronomy & As-
troparticle Physics merge with those of
Particle & Nuclear Physics, linking the phys-
ics from the infinitely large to the infinite-
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ly small, giving a holistic rationale for the
overall Research Infrastructure investment
in the Physical Sciences and Engineering
field. This is exemplified by the extension
of the Astronomy & Astroparticle Physics
community gathered in the ASTERICS clus-
ter to Particle Physics in ESCAPE.

W8 CURRENT STATUS

European Astronomy & Astroparticle Phys-
ics continue to occupy a world-leading
status as a result of a strong portfolio of
intergovernmental, multi-national and na-
tional Research Infrastructures available to
the community. The community is strong-
ly organised at the European and national
levels, with two bodies dealing respectively
with the Astronomy & Astrophysics and the
Astroparticle Physics strategy, ASTRONET?
and APPEC"®. ASTRONET, which started as
an ERA-NET, is now a self-sustained group
of funding agencies and associated bod-
ies. The last update of their Infrastructure
Roadmap was in 2015; they are establish-
ing a new Science Vision and Infrastructure
Roadmap up to the 2030s, which is expect-
ed to be published in 2021. The Astroparti-
cle Physics European Consortium APPEC,
which was created in 2012 following the
preparatory work of the ASPERA ERA-NET,
launched its European Astroparticle Phys-
ics Strategy 2017-2026™" in January 2018.

These European-level community-driven
roadmaps coupled with the planning pro-
cesses convened by ESO and ESA, have
provided strategic coherence and continue
to be implemented. Ground-based tele-
scopes continue to deliver new science.
ESO's Very Large Telescope/Interferometer
(VLT/1) is the world-standard, recently con-
tributing to the 2020 Nobel Prize in Physics.
The ALMA millimetre/sub millimetre array
in the Atacama Desert (Chile), the largest
such facility in the world, is in full operation.
The International LOFAR Telescope (ILT)
and the Joint Institute for VLBI ERIC (JIVE)
in the European Very Long Baseline Inter-
9.

ASTRONET
https.//www.astronet-eu.org/

10.
APPEC
https./www.appec.org/

11
European Astroparticle Physics Strategy 2017-2026
https../www.appec.org/roadmap
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ferometry (VLBI) Network are pathfinders for the ESFRI Landmark
SKAO and international infrastructures on their own. High-energy
gamma-ray Cherenkov telescopes HESS and MAGIC developed
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tronomy, and are pathfinders for the ESFRI Landmark CTA. The cur-
rent status of the ESFRI Landmarks and Projects in the Astronomy &
Astroparticle Physics domain is summarized in Table 3.

the observation of TeV scale photon sources into a full-fledged as-

ESFRIENTRY  NAME

STATUS (AS OF DECEMBER 2020)

LANDMARK

2006 ELT

2006 SKAO

2008 CTA

Currently in construction in Chile's Atacama desert.
The first set of instruments are passing their Preliminary Design Reviews.
Stands to be the first 25-40m class telescope available.

Dual location established in Australia and South Africa.

International treaty signed in March 2019, being ratified.

SKA Observatory intergovernmental organisation launched, and
Construction Proposal and Observatory Establishment and Delivery Plan
published, in February 2021.

Two hosted sites chosen, ESO Paranal (Chile) and IAC La Palma (Spain).
Large Size Telescope in pre-production in La Palma.
ERIC agreement signature foreseen in 2021.

PROJECT

2016 EST

2016 KM3NeT 2.0

2021

Einstein Telescope

Significant technological progress and well organised community.
Promising but not yet confirmed stakeholders’ commitment.

Two Mediterranean sites, Capo Passero (Italy, ARCA) and Toulon (France,

ORCA).

First phase of building ORCA completed -

the detector is taking data.

Upgrade of the ARCA infrastructure progressing.
Actions to prepare legal entity (ERIC) underway. Aims at higher luminosity

than IceCube.

Two potential sites to host the facility. Initial steps of the project underway.

Transnational access to national or multina-
tional astronomical facilities - medium-size
optical telescopes and radio telescopes - is
organised through the H2020 programme
OPTICON-Radionet-Pilot (ORP), which fol-
lowed the successful EC-funded OPTICON
and Radionet networks starting in March
2021 and will continue to develop synergies
among activities in the communities (Table
4).

TABLE 3.

Current status of the ESFRI Projects and Landmarks for Astronomy & Astroparticle Physics

OPTICAL Australia, Siding Spring AAT
TELESCOPES Chile, La Silla MPG/ESO 2.2m, REM
France, Pic du Midi TBL
France, Saint Michel OHP 1.93m/1.2m
Greece, Helmos Aristarchos
South Africa, Sutherland SALT
Spain, La Palma CAHA 2.2m/3.5m, INT, LT, NOT, TNG
Spain, Teide TCS
USA Hawaii, Mauna Kea CFHT
Distributed LCOGT
RADIO Chile, Llano de Chajnantor APEX
TELESCOPES France, Plateau de Bures IRAM Interferometer
Germany, Effelsberg Effelsberg
Italia, Sardinia SRT
Spain, Pico Veleta IRAM 30m
Sweden, Onsala 0SO
The Netherlands, Westerbork \WSRT
United Kingdom, Jodrell eMERLIN
Bank
USA Hawaii, Mauna Kea JCMT
Distributed EVN, LOFAR

TABLE 4.

Medium-size telescopes and radio telescopes available
for transnational access in ORP, with their location.
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I3 GAPS, CHALLENGES AND FUTURE NEEDS

The lifetime of present-day scientific instrumentation and large telescopes exceeds the
natural evolution timescales of the science cases that motivated them in the first place. The
original science case often evolves in substantial ways by the time the facility becomes sci-
entifically productive. Thus proposed new projects usually have broad science cases cov-
ering several fields of (astro/particle) physics that ensure their continued interest over their
expected operational lifetime. The programme of development of new facilities is princi-
pally on track, but timelines get longer as the cost and complexity of projects increase.

The evolution of Astronomy & Astroparticle Physics projects clearly goes towards inter-
nationalisation in the construction as well as the operation of Research Infrastructures.
ALMA and the ESFRI Landmark SKAO have been the first global astronomy infrastructures.
Moreover, RIs may work in close collaboration and international networks can be set up to
deal with key subjects, for instance, for the follow-up of gravitational events. Ground-based
observations can play an essential role in the scientific exploitation of space observations.

The development of time-domain astronomy will be boosted in particular by the advent
of the 10-year Legacy Survey of Space and Time (LSST), a US-led project with participa-
tion from several European countries. The novel multi-messenger paradigm incorporates
follow-up observation and interpretation of transient phenomena alerts by a network of
telescopes and underground or underwater/ice detectors. Particularly relevant projects
for the observation of gravitational waves are the Laser Interferometer Space Antenna
(LISA) selected by ESA as its third Large Mission, foreseen to fly in the early 2030s, and the
ESFRI Project Einstein Telescope (ET), which is proposed as the European Third-Genera-
tion Gravitational Wave Observatory with a significant increase in sensitivity.

The study of the planets from our Solar System and other planetary systems in our galaxy,
and the conditions enabling life, builds up as an inter/multidisciplinary field, using a variety
of techniques, complementary ground- and space-based observations, the Solar System
studies including landers and sample return. A key topic for the future is the search for ear-
ly life sighature in exoplanet studies, the expansion of astrochemistry to this field and the
development of astrobiology.

State-of-the art back-end instruments are essential to ensure the optimal science return of
Ris. Instrument development can lead to technological advances shared with the private
sector. The long time span of Ris requires instrument suites to be developed with comple-
mentarity and technological advances in mind. For instance, the lessons learnt from the
on-going development of the first generation of the ESFRI Landmark ELT instruments will
have to be taken into account for the next one. Several generations of cameras are also
expected for the ESFRI Landmark CTA.

PHYSICAL SCIENCES
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PARTICLE & NUCLEAR PHYSICS

Particle & Nuclear Physics (P&NP) deal with
the smallest building blocks of Nature that
constitute our present world and Universe
and the interactions among them. The en-
ergies required to produce fundamental
particles are so large that their study re-
quires some of the largest accelerators and
detectors ever built. Dedicated accelerator
facilities are necessary to probe hadronic
and nuclear structure. The research relies
on intense international collaboration and
pooling of resources on a regional or glob-
al scale to be able to build and operate the
necessary Research Infrastructures.

The scientific landscape confronting Particle
& Nuclear Physics at the turn of the 2020s
is both exciting and challenging. It holds the
perspective of revealing some of the deep-
est mysteries and secrets of Nature and
transforming the understanding of the world.

In Particle Physics, the discovery of the
Higgs Boson completed the Standard
Model (SM). Yet, in spite of the astonishing
success of the Standard Model, we also
know that it cannot be the full story since
it provides no explanation for Dark Matter
and Dark Energy, which are now known to
constitute about 95% of the energy content
of the Universe. Measuring the coupling
strengths of the Higgs boson to known
particles with great precision, and to itself,
could provide important clues to new phys-
ics beyond the SM and to cosmological rid-
dles, such as the stability of the Universe.
Searches for feebly interacting particles in
accelerator experiments with high intensi-
ties and in underground experiments may
provide clues to new physics. The study of
the elusive neutrinos raises fundamental
questions to which the SM cannot answer,
namely the origin and the structure of the
neutrino mass matrix. Resolving these is-
sues may also help answering why the Uni-
verse is dominated by matter.

At the confluence of Particle & Nuclear
Physics, the exploration of the Quark Glu-
on Plasma and of the phase diagram for
strongly interacting matter gives access to
study, under earthly conditions, the proper-
ties of the matter prevalent in the early Uni-
verse at times before the first millionth of a
second after the Big Bang.

Nuclei are complex objects and a quanti-
tative description of Nuclear Physics from
first principles is still a challenge. A major
direction involves the use of unstable parti-
cles (rare isotope’ beams) to study reaction
mechanisms and nuclei far from stability.
This is of increasing relevance for under-
standing nucleosynthesis in stars, responsi-
ble for generation of elements. Super heavy
elements discovered recently, including the
heaviest one Oganesson (proton number
118), were produced in nuclear physics lab-
oratories. Nuclear Physics contributes with
precision measurements to the search for
dark matter and for new physics beyond the
standard model. Fundamental and applied
research in nuclear physics are playing an
important role in the development of car-
bon free sources of energy and advanced
cancer diagnosis and treatment.

ESFRIENTRY  NAME

W8 CURRENT STATUS

The current status of the ESFRI Landmarks
and Projects in the Particle & Nuclear Phys-
ics domain is summarized in Table 5.

In Particle Physics, Europe currently has
the global lead at the energy frontier based
on the exploitation of the Large Hadron
Collider (LHC) at CERN that delivers beam
energies an order of magnitude higher
than anywhere else. The LHC is currently
being prepared for a substantial upgrade
to higher luminosities (HL-LHC) by 2027,
delivering about an order of magnitude
more collisions. Similarly, the large experi-
ments (ALICE, ATLAS, CMS, LHCb) are un-
dergoing significant upgrades to be able
to handle the challenges following from
the higher collision rate and increased data
rates. The upgraded facility will be unique
on the world scale for attacking the physics
that lies beyond the Standard Model (BSM)
and exploring new phases of matter. On
the technological side the HL-LHC has led
to the development of new high magnetic
field superconducting magnets (11 Tesla),
R&D that will be further strengthened in the
coming years at CERN and in Europe.

CERN is contributing importantly to the
study of accelerator-based neutrino phys-
ics via its ‘neutrino platform' helping de-
velop novel detectors for use mainly in the
DUNE project in the US that will study neu-
trino oscillations at the so-called ‘intensity
frontier. A similar experiment is HyperK in
Japan. Neutrino properties are and will be
studied also through a number of experi-

STATUS (AS OF DECEMBER 2020)

LANDMARK 2006 FAIR Under construction in
Darmstadt. Expected to be
operational 2026
2006 SPIRAL 2 Under commissioning at GANIL
2016 HL-LHC Under construction at CERN.
Expected to be operational in
2027
PROJECT 2016 KM3NeT (ORCA)  Under construction
2018 IFMIF-DONES Under development
2021 EuPRAXIA Two potential sites to host the

facility. Initial steps of the project
underway.

TABLE 5.

Current status of the ESFRI Projects and Landmarks for Particle & Nuclear Physics

ESFRI ROADMAP 2021 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES




ments, exploiting neutrinos produced in the
upper atmosphere or coming from space,
in large stopping volumes of either ice
(IceCube in Antarctica) or water (the ESFRI
Project KM3NeT 2.0 in the Mediterranean
and Baikal-GVD in the Baikal lake). China
is active in the study of neutrinos from the
reactors now preparing for the JUNO ex-
periment. A number of other experiments
focus on determining neutrino masses di-
rectly (e.g. KATRIN) and on the nature of
neutrinos (e.g. GERDA/LEGEND, CUORE/
CUPID, SuperNEMO, etc) through search-
es for neutrinoless double beta decay in
low-background environment realised at
deep underground facilities.

Candidates for new particles (Dark Matter,
WIMPs, Axions etc)) are also sought in spe-
cialized experiments at the underground
facilities utilizing detector media such as
liquid xenon and argon (e.g. XENONRNT,
DarkSide) or in solid state (e.g. COSINUS,
DAMA, EDELWEISS, Sabre) looking for scat-
tering of (unseen) exotic particles on nuclei.

The study of strongly interacting matter
(SIM) and its phases, using heavy ion colli-
sions, is at the border of Particle & Nucle-
ar Physics. The ALICE experiment at LHC,
operating at the highest center-of-mass
energies in the world, is under substantial
upgrade and plans for further upgrades ex-
ist. At GSI-FAIR, the planned Compressed
Baryonic Matter (CBM) experiment will
search for the critical point in the phase
diagram of SIM. At JINR the NICA facility is
entering the commissioning phase with the
Multi-Purpose Detector (MPD).

Likewise, the study of the nucleon proper-
ties and bound quark structure is in strong
international focus. The DOE has approved
the Electron-lon-Collider (EIC) as the next
large accelerator project in the US, focusing
on understanding the partonic structure of
nucleons at medium and high-x. Europe has
proposals (e.g. LHeC) for much higher ener-
gy accelerator configurations and detectors
that could probe (at smaller x) the gluon con-
tent of nucleons and study possible gluon
saturation and condensation phenomena.

Rare isotope beams allow synthesizing
nuclei far from the stable nuclei that ex-
ist. Such nuclei play important roles in re-
actions in stars and their properties must
be determined in experiments on Earth in
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order to accurately simulate astrophysi-
cal processes. Several major new facilities
are in the commissioning phase, the ESFRI
Landmark SPIRAL2, or under construction,
the ESFRI Landmark FAIR, and will become
operational in the coming years. In the US,
FRIB is under construction. CERN has been
upgrading the ISOL (Isotope Separation On-
Line) facility with a new superconducting
post accelerator (HIE-ISOLDE), SPES@LNL
and ISOL@Myrrha is under development in
conjunction with the prototype accelerator
driven fission reactor.

The extension of the periodic table of stable
nuclei with new superheavy elements and
the search for an island of stability will make

PHYSICAL SCIENCES
& ENGINEERING

further advances with the GSI-FAIR facili-
ties, SPIRAL2 and the SHE-factory at JINR.
Nuclear structure experiments require
high-resolution and high efficiency gam-
ma-ray detectors, such as the pan-Euro-
pean AGATA multi detector. Such detectors
also find applications outside basic science,
for example in environmental and medical
areas.

Non-ESFRI facilities and projects of rele-
vance for the Particle & Nuclear Physics
thematic area are reported in Table 6.

NAME STATUS (AS OF DECEMBER 2020)
OTHER MAJOR LNGS Operational, Gran Sasso National Laboratory
Eéﬁ:ll\HEEEST NICA Under commissioning, JINR
(NON-ESFRI) HIE-ISOLDE  Operational, CERN

SHE-Factory Operational, JINR

Baikal-GVD  Operational, Russia

IceCube Operational, Antarctica

IBR2 Operational, JINR
POTENTIAL FUTURE ILC, CLIC, Proposed and under discussion
FACILITIES FCC

EIC Approved (US). Expected start-up 2035

LHeC Proposed, CERN

TABLE 6.

Other facilities and projects of relevance for Particle & Nuclear Physics landscape
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I GAPS, CHALLENGES AND FUTURE NEEDS

The search for physics beyond the Standard Model will remain the central quest for Particle
Physics. The recent European Strategy for Particle Physics Update (ESPPU)*?, adopted by
CERN's member states in 2020 identifies a Higgs factory as the next future accelerator goal
for Europe in order to explore in detail the properties of the Higgs particle. Such a facility
could either be based on a linear or a circular collider design. The Japanese high energy
physics community has proposed to host the International Linear Collider (ILC). China has
also expressed ambitions in this direction with a circular collider. CERN will study the fea-
sibility of a new hadron collider at the energy frontier (100 TeV) based on extremely high
magnetic fields (16-20 T) in a 100 km tunnel possibly starting with electron-positron colli-
sions. Already, R&D efforts in magnet research, superconducting RF and High Temperature
Superconductivity (HTS) are being boosted with a potential for dramatic technological spin
offs that can benefit society in multiple ways.

Complementary to the energy frontier, new physics can be probed by experiments search-
ing for extremely rare phenomena. There are several proposals (i.e. SHIP, LDMX, ALP, etc))
targeting feebly interacting particles in the low mass region that could reveal new particles
with possible cosmic relevance. They require very intense particle beams or lasers. The
direct dark matter searches in underground laboratories will require detectors with much
larger target mass (e.g. DARWIN). In the longer-term, new detector technology capable of
directionality have to be developed.

In accelerator technology, developing further new and compact acceleration schemes,
such as laser and electron or proton induced wakefields in static plasmas are potential
game changers. A broad European consortium to that end has been established, now
evolved as the new ESFRI Project EUPRAXIA. The large field gradients (> 1 GV/m) that can
be achieved could—if the technologies are developed and standardized—revolutionize the
field from the research machines to the work-horse accelerators that are already so import-
ant for material and biosystems studies and medical therapy, making them more compact
and cheaper. Likewise, the development of a muon collider demonstrator in Europe would
be a major new element in accelerator technology opening new scientific doorways.

Advanced and reliable innovative detectors are a cornerstone of research in Nuclear Phys-
ics and Particle Physics and propagate over time to detection and imaging systems for
use in many other areas of science and society. New Quantum sensing devices are under
development that will increase precision of measurements considerably. Overall detector
technology has a very high societal spin-off value and potential for technology transfer.

12.
European Strategy for Particle Physics Update (2020)
https./7home.cern/sites/home.web.cern.ch/files/2020-06,/2020%20Update%20European20Strategy.pdf
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ANALYTICAL PHYSICS

Analytical Physics (AP) Infrastructures ex-
plore the frontiers of science ranging from
fundamental physics to applied materi-
als science using high-brilliance beams of
electrons, neutrons, ions or photons, or high
magnetic fields. They offer a variety of ana-
lytical techniques based on particle and field
interactions with matter. They enable the
manipulation and characterization of materi-
als and processes at multiple length scales,
from atoms to industrial-scale products and
living beings, and in ultrafast timescales
down to the attoseconds range. They serve
academia, industry and society with strong
links to other ESFRI facilities especially in
the sectors of energy, environment, health
and food. They find use in physics, chemis-
try, materials science and engineering, envi-
ronmental research, life sciences, and in the
field of cultural heritage.

The AP facilities offer solutions to analyse
minute concentrations and chemical spe-
ciation of elements in soil, water, plant,
animal, and human cells as well as in mi-
crobes, allowing the discovery of ways to
fight pollution and increase food safety.
Micro and nanoscale imaging with different
modalities enable the study of cells, their
organelles, and their interaction with phar-
maceutical products with unprecedent-
ed resolution and accuracy. Resolving the
structure of proteins and other macromol-
ecules via crystallography has given us the
key to understand the biological function
of these complex systems. Protein folding
dynamics can be revealed by ultrashort
X-ray pulses from Free Electron Laser (FEL)
sources. CryoEM has emerged as a power-
ful alternative to crystallography in this field.

The action to reduce greenhouse-gas emis-
sions relies on new technologies and mate-
rials, for which the AP Rls offer characterisa-
tion in real time and in operando conditions.
They work together in the fields of clean en-
ergy and climate action to lead the research
on rechargeable batteries, fuel cells, hydro-
gen storage, photovoltaics, catalysis, the cir-
cular economy, and other means of cleaner
energy production and green industrial pro-
cesses. They also provide non-destructive
analyses of samples for our material cultural
heritage and to understand the evolution of
life and species on Earth.

LANDSCAPE ANALYSIS

High-performances, innovative and state-
of-the-art nanotechnologies are also es-
sential to address several of the global chal-
lenges identified by Horizon Europe and by
the European Green Deal. Nanotechnolo-
gies are indeed involved in Clean Energy,
Climate Action, Eliminating Pollution but
also Cybersecurity or Advanced Biomedi-
cal Technologies, Key Digital Technologies
and Advanced Computing. Universities and
research centers possess top-level skills,
with extremely high capabilities in devel-
oping new nanotechnologies, facing basic
and applied research challenges and serv-
ing large communities of users from sever-
al different scientific fields. However these
skills are often distributed among several
tens of centers and their overall perfor-
mances and capabilities are strongly limit-
ed by the lack of structured communication
and organization.

The AP scientific case has strong links to
other fields of PSE. For astronomy, sam-
ples returned from planetary exploration or
comet missions are studied using AP facil-
ities, giving crucial information on geology,
atmosphere and climate within the planets
in our Solar System and beyond, even help-
ing to understand the origin of life. Extreme
conditions created by the brightest particle
beams ever created by humankind reveal

ESFRIENTRY  NAME
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processes and the structure of matter in
the interior of giant planets. The AP RIs work
strongly together with Particle & Nuclear
Physics in research and development of
accelerator, beam, laser and detector tech-
nologies. The co-operation in technology
development, especially in Big Data sci-
ence, across all fields in PSE, is an increas-
ingly important key to success of the AP RIs.

W8 CURRENT STATUS

The current status of the ESFRI Rls in the
field is given in Table 7.

Major modifications have occurred in the
landscape of neutron sources recently.
Within Europe, there are now ten such fa-
cilities in operation. Two have recently been
closed, i.e., the Berlin-based BER-Il and the
Saclay-based ORPHEE reactors. The start
of the ESFRI Landmark European Spall-
ation Source ERIC in Lund (Sweden) is
currently foreseen for 2023. ESS will be a
gamechanger, far beyond an incremental
improvement of the existing sources. It of-
fers up to 100 times the brilliance of current
spallation sources, making it the world's
most powerful neutron source. The League
of Advanced European Neutron Sources
(LENS) brings the European neutron infra-
structures together and provides transna-
tional user programs.

STATUS (AS OF DECEMBER 2020)

LANDMARK 2006 ELI In the transition from
construction to operational
phase, the two ELI pillars
Beamlines and ALPS
transformed their governance
from an AISBL (ELI-DC) to an
ERIC

2006 European Under construction
Spallation Source
ERIC
2006 European XFEL In operation with three undulator
beamlines
2006 ILL In routine operation
2008 EMFL In routine operation
2016 ESRF EBS New storage ring started

operation in 2020 and four
new beamlines are being
constructed during 2020-2022

TABLE 7.

Current status of the ESFRI Projects and Landmarks for Analytical Physics
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Synchrotron light sources and free-electron lasers (FELs) are
brought together within the League of European Accelerator-based
Photon Sources (LEAPS), a strategic consortium that ensures and
promotes the quality and impact of the fundamental, applied and
industrial research carried out at these facilities.

There are nearly 15 operating synchrotron light sources in Europe.
The advent of Multibend Achromat (MBA) technology has allowed
synchrotron storage rings to decrease the horizontal emittance
down to the diffraction limit and thus created the 4" generation of
synchrotron light sources. The development started from the MAX-
IV Laboratory and was followed by the ESFRI Landmark ESRF EBS
(Extremely Brilliant Source). There are several plans to upgrade na-
tional synchrotrons, e.g. the Diamond Light Source, Petra-IIl, SOLEIL,
and the Swiss Light Source, using different implementations of the
MBA technology. This allows the synchrotrons to perform even bet-
ter for nanoscale materials analysis, operando studies of processes,
and enable new uses of coherence properties of the light.

FELs provide ultrashort pulses of very intense highly coherent radi-
ation from a laser-like radiation process with a peak brilliance typi-
cally 5-6 orders of magnitude higher than that of a synchrotron light
source. These properties make them excellent facilities for study-
ing structural and electron dynamics at the atomic and molecular
scale covering the fs-ps time domains. These techniques are often
combined with lasers operating at other wavelengths in order to
study pump-probe dynamics. There are 9 FEL's in Europe providing
light from the infrared to the hard x-ray range.

Laser Rls and research centres in Europe are coordinated through
Laserlab-Europe AISBL. The evolution from a long-standing EU
funded network, Laserlab-Europe, to a legal organization maintains
a stable and sustainable network of national facilities. This transition
strengthens the leading role of Europe in laser research through
joint research activities and offers a sustainable centralized access
to state-of-the-art laser systems and is open to worldwide collab-
orations.

The ESFRI Landmark ELI is currently moving from construc-
tion to operation of three sites with complementary capabilities:
i) ELI-Beamlines, for novel laser-plasma-accelerators delivering
particles and photon sources with extremely high energies; i) ELI-
ALPS, for generation of ultrashort light pulses down to attosecond
time domain with applications in atomic and molecular physics; iii)
ELI-NP, for nuclear photonics applications with petawatt-class laser
systems and a high-energy narrow-bandwidth gamma source. ELI
will be the gateway to new regimes in fundamental physics and will
promote the advent of new laser technologies.

There are over 100 high-end Electron Microscopy (EM) instru-
ments in Europe with 15 leading laboratories and some SMEs form-
ing a networked infrastructure ESTEEM3™3. It is the primary Euro-
pean portal for EM and provides access to state-of-the-art TEM
instrumentation and methodologies for industry and academy. It
provides expertise and infrastructure for solving complex prob-
lems in physics, materials technology, engineering, and chemistry.
13.

ESTEEM3
https.7www.esteem3.eu/
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Within the ARIE network, the eDREAM consortium of partners from
ESTEEM3 has formed. Both consortia explore possibilities for cre-
ating a complementary pan-European Research Infrastructure for
advanced EM providing sub-10 meV energy resolution and 50 pm
spatial resolution. The recent development of direct electron de-
tectors enabled faster frame rates and higher resolution for physi-
cal sciences applications and facilitated the exponential growth of
use of cryo-EM for structural biology.

lon beam analysis techniques provide unique information on the
depth-dependent chemical composition, defects and impurities.
lon beams also provide information about the age and origin of
geological, archaeological, and cultural heritage samples. Other
applications are in the atomic scale modification of materials. A
sensitivity enhanced by several orders of magnitude is provided by
implantation of radioactive ion beams (e.g., at ISOLDE-CERN) into
a sample followed by the detection of the emitted radioactive de-
cay products, providing unique information about the structuraland
functional properties of the host lattice.

The high magnetic field activities in Europe are organised under
the ESFRI Landmark EMFL, with a common user access program,
outreach, training, and technical developments. Maximum field
strengths are increasing, with two hybrid magnets designed to ex-
ceed 43 Tesla (T), and bringing fully superconducting magnets into
user operation, non-destructive pulsed magnets up to the vicinity
of 100 T at Toulouse and Dresden, while in Toulouse, a semi-de-
structive pulsed field installation now offers fields of 100-200 T. All
EMFL facilities have recently been fully renewed or upgraded, are
internationally competitive and have complementary specificities.
Two of them (Nijmegen and Dresden) are directly coupled to a THz
FEL, allowing unique joint operation.

I GAPS, CHALLENGES AND
FUTURE NEEDS

The Analytical Physics Ris aim to use the most advanced methods
of physics to meet the goals of the five Horizon Europe missions.
AllL AP facilities boost their technologies to increase the beam bril-
liance or field density to improve the characterisation sensitivity as
well as the resolution in time and space.

Short-pulse, high-power lasers and their secondary sources of parti-
cles and radiation aim at highly efficient and high repetition rate laser
systems to drive laser-plasma based particle accelerators and x-ray
sources. Addressing these new needs in laser technology is becom-
ing a challenging task in order to further enlarge the user community
in areas with high industrial and societal impact. The laser Rls inter-
act strongly and have a strong impact on Particle & Nuclear Physics
through common development of accelerator technologies.

Radically novel electron microscopes aim at three-dimensional
imaging of materials' functional properties. Developments are also
needed in sample preparation, in situ microscopy and sub-1-Kelvin
microscopies, as well as in low dose imaging of biological and other
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beam-sensitive materials. Next generation CryoEM, enabled by im-
proved technologies for electron beams and detectors, will operate
at much lower voltages, making them much more widely available
and less damaging to biological samples.

The future unavailability of neutron sources poses a major threat as
older sources are closing down while existing sources are unable
to cope with the demand and the ESS is still under construction.
Therefore, there will be a strong need to continue to support the
existing national sources. Several centres are working on the de-
velopment of accelerator-based compact neutron sources that can
play a strong role in particular applications. Furthermore, the future
policies strongly endorse initiatives to seek an optimal way to har-
monize neutron and X-ray studies, for example, in the framework of
LENS and LEAPS.

In ion beam facilities, there is a growing interest in the use of ra-
dioisotopes in materials research, and institutes like ISOLDE-CERN
and GSI are making efforts to accommodate this. Large-scale ion
beam infrastructures are complemented by stand-alone ion-beam
based techniques like atom probe tomography and helium micros-
copy and this synergy will be further pursued.

For high magnetic field facilities coordinated development across
RIs (CERN, NS, etc.) is needed to develop even higher static and
pulsed magnetic fields and to improve the required materials (su-
perconducting, copper alloys, reinforcement) and enabling a wider
portfolio of measurements in the short time scales of pulsed fields.

To fully exploit the potential of nanotechnologies, Europe needs to
capitalize on the top-class competences available and investments
already made, by streamlining the landscape of upstream research
that is currently very fragmented, through a stronger organization.
This would enable Europe to build a world-class nanofabrication
ecosystem for fundamental research with exceptional perfor-
mance, able to face the upcoming global challenges.

In conclusion, significant scientific and technological break-
throughs are expected from the Analytical Physics infrastructures
by exploiting new ways of open cooperation with other fields of PSE
and users from different fields of science, new thematic user access
modes, as well as the close involvement of industrial research and
development.

PHYSICAL SCIENCES
& ENGINEERING
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SOCIAL & CULTURAL INNOVATION

Research Infrastructures that support research
across and within the Social & Cultural Innovation
domain are among the first known infrastructures:
libraries, museums and archives are the most
obvious examples of this legacy. In today's digital
age, Research Infrastructures in the Social Sciences
and Humanities (SSH) aim to enhance research into
the historical, social, economic, political and cultural
contexts of the European Union, providing primarily
data, tools and knowledge to support strategies at the
European as well as at the national level.

The data collected and provided by SCI Ris
contribute as tools and basis to research
that offers new insights into Europe's cul-
tural heritage, its creative industries, educa-
tion, health and well-being of its citizens, as
well as the workings of democracies, social
and economic policies and societal trends
in and across Europe. These insights are
fundamental to understanding European
society and to answer to emerging chal-
lenges moving forward.

Many SSH Research Infrastructures bring
together information and data from differ-
ent countries over a long period of time
and as such contribute to a better under-
standing of cultural and societal challenges
in Europe or to address the UN Sustainable
Development Goals. Enhancing demo-
cratic governance and citizens' participa-
tion, safeguarding and promoting cultural
heritage, and responding to multifaceted
economic, technological and cultural trans-
formations are objectives of the Horizon
Europe Pillar Il Cluster 2*. And the UN has
set ambitious goals® to erase poverty and
hunger, bring quality education to all chil-
dren, advance gender equality and reduce
inequalities, and to foster peace, justice and
strong democratic institutions. Evidence
based and impact oriented SSH research
lays the foundation to work towards these

1
Horizon Europe
https://ec.europa.eu/info/horizon-europe_en

2.
UN Sustainable Development Goals
https.//www.undp.org/content/undp/en/home/
sustainable-development-goals/

objectives and Research Infrastructures are
essential especially in areas where informa-
tion from different sources, countries and
over time needs to be collected and made
available to the research communities.

The value of SSH research, however, is not
limited to such direct societal and cultur-
al challenges. Climate actions, affordable
and clean energy, responsible consump-
tion and production, sustainable cities and
communities or good health and well-be-
ing depend inherently on transforming
human behaviour. The ability to reach the
climate objectives, to take the example of
the biggest current challenge in the world,
is not a simple technological challenge. The
ability of governments to act depends very
much on political support for measures to
reduce carbon emissions and to change
our personal lives. In order to address these
challenges, requires therefore a sound un-
derstanding of historic, social and political
processes. Similarly, to fight a global pan-
demic does not only require developing
vaccines, it requires an understanding of
everyday social interactions or how to cre-
ate acceptance for new vaccines or, how
much balance is needed between reach-
ing health related objectives to reduce in-
fections but at the same time avoid several
long-term negative economic and social
consequences.

The SSH community reflects the impor-
tance and need of understanding society
and cultural identity, and the community is
also substantial in size: according to avail-

able data, SSH area accounts for over 40%
of the students in Europe. Eurostat® reports
that 34% of the students are in Social Sci-
ences - including journalism, business and
law - and 10% in Arts and Humanities.

Data from Social Sciences and Infrastruc-
tures that create, collect, assemble and
curate relevant information are fundamen-
tal to the further development of the social
science research community of Europe.
The data literacy and research potential
of the next generation of Social Scienc-
es is nurtured using the resources of net-
worked social science data archives and
cross-national surveys. Public statistics and
official administrative data, major scientific
surveys, and increasingly data collected
through digital processes represent es-
sential sources of knowledge for the Social
Sciences. The research outputs of Europe's
social scientists have an impact on Europe's
politics and map the social and econom-
ic conditions of the continent. Developing
better measures of well-being and progress
is supported, at the international level, by
the Organisation for Economic Cooperation
and Development (OECD), its Global Sci-
ence Forum (GSF)* and the European Com-
mission (EC)°, with important contributions
arising from the Social Sciences.

Research in the Humanities provides a
better understanding of our society, both
diachronically through historical and ar-
chaeological research to answer questions
of how we became what we are, how we
developed our cultural identities, by which
mechanisms this was driven, and how we
can elaborate this knowledge for shaping
the future development of our society; and
synchronically, for example, by monitoring
the media to detect what is currently hap-
pening in our society, how we react to the
3.
Eurostat - Tertiary education statistics

https.//ec.europa.eu/eurostat/statistics-explained/index.
php/Tertiary_education_statistics#Fields_of_study

4.
OECD Global Science Forum
https:/www.oecd.org/sti/inno/global-science-forum.htm

5.
What is the 'Beyond GDP' initiative, European Commission
https.//ec.europa.eu/environment/beyond_gdp/index.
en.html
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major challenges, and how societal challenges in our neighbour-
hood can be addressed. Furthermore, Humanities make essential
contributions to understand the intellectual and cultural foundation
of humanity in general and the European societies in particular, by
analysing its literature and the philosophical bases of economic,
political and religious thinking and beliefs, as well as by anthropo-
logical research. As diversity increases in the European population,
Humanities will have a major role to play in proposing methods to
manage diversity and resolve conflict, both within and between so-
cieties. Humanities Rls also serve society by providing resources
for the research into education, language learning, sign language,
communication and gestures, etc.

There is economic impact from this knowledge, as well as a sol-
id base for developing politics and society at large. The increased
availability of digital resources in the Humanities and Social Scienc-
es, and the development of advanced digital methods for research,
have prompted remarkable changes in the scale and scope of re-
search in these disciplines. In the area of the Humanities, collabo-
ration between the RIs and the GLAM sector - galleries, libraries,
archives and museums - will lead to an enhanced impact on cul-
ture and society as advanced tools are now being developed. In the
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Social Sciences, the turn towards doing research with existing data,
instead of data designed and collected specifically for research, re-
quires new infrastructures to use and access data, and in collabo-
ration with other disciplines also to analyse such data.

Further drivers of SSH research and SSH Research Infrastructure
needs are impact assessments and the push towards Open Sci-
ence. In addition to scientific impact, which is at the core of Re-
search Infrastructures, SSH research creates impact by enhancing
evidence-based public policy, through a deeper engagement of
citizens in the understanding of culture and cultural heritage in
increasingly diverse societies, through contributions to resources
and tools for handling citizens' needs, and through creating col-
laboration among multiple stakeholders. SSH Research Infrastruc-
tures strengthen this process through new tools, technologies and
services®. The strong push towards more Open Science by poli-
cy-makers and funding agencies in many disciplines has also im-
portant consequences for the Research Infrastructure landscape.
There is a common understanding that a lot of research data and
information is a public good, but this requires institutions to allow
storing and finding this information or accessing it in terms of data
or also accessing publications in open publications formats.

6.
See for example the Social Impact Open Repository that allows researchers to upload
qualitative and quantitative testimonies of the social impact of their research, making use
of specific indicators

http://sior.ub.edu
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SUPPORTING COMPARATIVE RESEARCH
AND OPEN SCIENGE

Some information and data for SSH research in Europe is still col-
lected in a rather punctual and isolated way. While this leads to
interesting and valuable scientific outputs, the ability to do high
value SSH research increases exponentially if such information and
data is more easily available from a single point or at least a smaller
number of points even if they arise from different sources, different
countries and different points in time. This allows to understand cul-
tural and societal processes in comparison and to detect broader
trends.

Not accidentally, many SSH Research Infrastructures therefore aim
at collecting data or making data available that allows comparisons
over different instances and events, countries or over time. Current
SSH infrastructures do this in different ways. The ESFRI Landmark
ESS ERIC collects high quality data from many countries and on
many aspects of human life and behaviour through opinion surveys,
the ESFRI Landmark SHARE ERIC gathers information on health,
ageing and transition between work life and retirement of older Eu-
ropean citizens, the ESFRI Landmark CLARIN ERIC gives access
to more than 700,000 resources from many countries expressed
in many different languages and relevant tools to treat them. As
an example, CLARIN provides access to parliamentary debates
so that parliament discussions may be compared across countries
and across time. The ESFRI Project EHRI connects information from
many different resources to perform Holocaust research, and the
ESFRI Landmarks DARIAH ERIC and CESSDA ERIC aim at making
information from different sources easily available. Such Infrastruc-
tures make an important contribution to sharing existing informa-
tion and knowledge and through that contribute substantially to-
wards reaching more Open Science.

As regards in particular the cultural part of Humanities, the data
collected and provided by the existing Rls or other repositories
and libraries, function as the basis for initiating the actual research.
Therefore, they are primary material for the actual research that
leads to the knowledge, understanding and interpretation of the
past as well as of the cultures, their diversity and common traits.
History, archaeology, literature, film, music and art history are some
representative examples in Humanities that may benefit from the
collected data, without, however, being totally dependent on them.
Collaboration and interdisciplinarity play a crucial role to their future
as well to as to the future of cultural heritage.

BIG DATA

Big data is seen as an important driver in the fields of Social Sci-
ences and Humanities. The speed and versatility of electronic com-
munication and the growth of digital media and tools, as well as
their accessibility and linkage, is underlying the success of the five
ESFRI Landmarks in the SCl domain. From large-scale databases to
virtual museums, the tools that these developments have fostered
are changing the way in which research is carried out. From the old
model of theorise/hypothesise/collect data/test/refine/conclude,
scientific enquiry has now become much more data-driven and, at
the same time, more theory- and method-dependent. The ability
to rapidly access large bodies of texts in different languages, to
examine music archives, to compare three-dimensional images, to
analyse census and survey data from around the world provides
research possibilities that were inconceivable 20 years ago and re-
define parts of Social Sciences and Humanities research.

The term Big Data started to be used to describe assemblages
of data - data files, datasets, databases or data streams - that, in
terms of their volume, their variety, and the velocity of creation,
pose severe challenges for many conventional analytical and com-
putational methods in SSH. The amount of digital content is esti-
mated to over 33 Zettabytes (ZB, 10* bytes, 102 GB) in 2018 and it is
growing fast every year, expected to be at 175 ZB in 20257, Big Data
technologies, tools, and services that turn this information over-
load into information gains are the next opportunity for competi-
tive advantage. Language Technology (LT) is an example of such a
core Big Data technology and the translation technology segment
will continue to dominate the European LT market. RIs in LT are in-
dispensable in breaking new ground. It must be noted that even
though the amount of SSH data may be relatively less big than in
other domains, for example astronomy, they are far more complex.

A common characteristic of Big Data in SSH is that they have signif-
icant research value in terms of the information contained either in
its own right or when linked to other sources. They can, for example,
be used to extract information about preferences (opinion mining
and sentiment analysis), or undiscovered relations between people,
and therefore provide important snapshots of human activities and
orientations. When data are collected over time, such collections
willalso contain information about how culture and society develop.
Data generated by social media interactions can be used to gauge
the mood of users, their political affiliations, or to document pop-
ular interpretations of significant events - e.g. migration, riots, and
virus outbreaks. Biosocial data, such as a genome-wide scan linked
to longitudinal life course survey data, represent a special form of
Big Data, with the potential to demonstrate the links between our
health, well-being and lifestyles. These data are evidence bases as
well as indicators of the effects of public policies. The treatment of

7.
The Forum for Europe's Language Technology Industry
https.7www.lt-innovate.org/sites/default/files /L Tlpresentation_European_Data_
Forum100413_0.pdf
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Big Data is obviously also taken up by other,
more technical, scientific domains, but it is
important for society that the domain of SCI
continues to play an important role in this,
so that future solutions will take the human
aspect into account.

Very closely linked to Big Data is their use
in Artificial Intelligence. Currently, we are
witnessing the development of technolo-
gies that will transform our world. Therefore,
even if a major part of the development is
seen as belonging to the technical domain,
the development of algorithms is a very
important field for SSH right now and in the
future. The contribution from Research In-
frastructures will be from Social Sciences as
well as from Humanities (tools for analysis
etc.), and will enable researchers to investi-
gate the questions arising from the chang-
es where humans and computers become
more integrated. Therefore, the European
Commission has also taken this up as a
central activity, witnessed in a long range of
documents and communications, such as
the White Papers.

8.
Artificial Intelligence - A European approach to excellence
and trust - European Commission White Paper (2020)
https.//ec.europa.eu/info/sites/default/files/commission-
white-paper-artificial-intelligence-feb2020_en.pdf
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NEW FORMS OF INTERDISCIPLINARITY

Recently there has been an increase in the
value and practice of interdisciplinary SSH
research.

INTERNAL INTERDISCIPLINARITY

The traditional fragmentation of the area is
being overcome: Social Sciences and Hu-
manities make way for promising interac-
tions. Disciplinary boundaries seem to be
gradually fading to make room for integra-
tive and transversal research methods con-
cerning the entire field of Social Sciences
and Humanities. On the one hand, a large
body of digitised texts allows Humanities
to use quantitative methods that were pre-
viously confined to the Social Sciences and
Information Technology. On the other hand,
a linguistic turn within the Social Sciences,
makes room for new types of discourse and
conversation analysis. Media Studies, which
connect the Social Sciences and Human-
ities, are an articulate example of that evo-
lution. There is a need for the extension of
Media Studies even further to the scientific
study of the production and dissemination of
phenomena such as fake news, and its inter-
action with other social problems and chal-
lenges that were highlighted even further
during the COVID-19 crisis with its geopolit-
ical ramifications. In particular, the scientif-
ic study of the web, which has become an
integrated part of society, culture, business,
and politics, is a burgeoning field of research
activity, with enormous potential for contrib-
uting to societal challenges related to the
evolution of communication, solidarity or
security issues. This internal interdisciplinary
collaboration between Social Sciences and
Humanities Research Infrastructures is also
supported by the SSHOC cluster project
funded by the European Commission under
the Horizon 2020 programme.

EXTERNAL INTERDISCIPLINARITY

The increase of the interaction between
SSH and other sciences is one of the most
salient features of the recent period. There
is now a more acute perception that many
causal chains that are the object of natural
sciences have their determinants in human
action and behaviour. Nevertheless, inter-
disciplinary research that allows gaining
insights into the interaction of behavioural,
socioeconomic and political developments
on the one hand and technical, environ-
mental or biological changes on the other
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hand is still rare. Such research, however,
would be essential to address some of the
sustainable development goals such as
clean energy, clean water and sanitation,
sustainable cities, responsible consump-
tion and production chains (including food,
nutrition and health areas that are particu-
larly important for major SDG goals) climate
action or the protection of our ecosystems.
Also, the combination of social indicators
and bio-medical or genomic information
would allow to better understand how
bio-medical and social factors interact. The
evolution of collective behaviour, especially
in many Western societies, towards the use
of public transport, car sharing or less pol-
luting individual vehicles over the last 30
years is a major move away from the trend
of extreme individualism and the associa-
tion of the idea of freedom with possessing
an automobile. This development has been
accentuated by recent developments in the
way of managing research. Horizon 2020
and Horizon Europe, which are not struc-
tured by disciplinary fields, but by societal
challenges - eg. health and well-being,
climate changes - are the paradigmatic
examples of this transformation of the re-
search system in Europe.

Substantial European financing has been al-
lotted to these areas during the 2018-2020
period of H2020. The research encouraged
during the COVID-19 crisis was also an ex-
cellent example of ‘external interdiscipli-
narity’ between natural and Social Scienc-
es, because social and economic choices,
behaviour and mobility across the world
shaped the response to the COVID-19 cri-
sis, from the political, medical and sanitary
point of view. In the post-pandemic period,
SCI RiIs will have specific opportunities to
cooperate with the H&F and other fields.

Another example of interdisciplinarity is
seen with hybrid Research Infrastructures,
aggregating data arising from different do-
mains or, alternatively, new forms of collab-
oration and interchange between existing
infrastructures. A good example of this hy-
bridization is provided by the ESFRI Project
E-RIHS which combines material science
methods with interpretative schemes of
history of art to rejuvenate the field of heri-
tage studies.


https://ec.europa.eu/info/sites/default/files/commission-white-paper-artificial-intelligence-feb2020_en.pdf
https://ec.europa.eu/info/sites/default/files/commission-white-paper-artificial-intelligence-feb2020_en.pdf

I} CURRENT STATUS

The digital aspect of the currently most
prominent SCI ESFRI Landmarks and ES-
FRI Projects is outlined below to testify the
progress in the use of digital techniques
throughout SSH research methodologies.

Scientific databases are a crucial part of
the pan-European Infrastructures and more
generally in the global science system.
Effective access to research data, in a re-
sponsible and efficient manner, is required
to take full advantage of the data and the
possibilities offered by the rapidly evolving
digital technology. Accessibility to research
data is an important condition for maximis-
ing the research potential of new digital
technologies and networks. An open and
democratic access policy not only provides
scientific advantages to the whole aca-
demic community, it also provides greater
returns from public investments in research
activities.

An Infrastructure provides a technology
platform, creating a whole range of tools
and services that make and represent new
knowledge, new resources, for a range of
stakeholders generating opportunities for
growth, challenge and engagement, for
sustainability and for the innovative cataly-
sis of ideas. Creating meaning and knowl-
edge work are central to these mechanisms
for sharing, with a foundational interopera-
bility as standard. Research Infrastructures
widen participation and strengthen the Eu-
ropean Research Area.

The ESFRI Landmark CESSDA ERIC is a
distributed Research
brings together social science data archives
across Europe, with the aim of promoting
the results of social science research and
supporting national and international re-
search and cooperation. CESSDA brings
important added value to national data ar-
chives through providing a central data cat-
alogue, a platform to jointly develop new
user friendly tools and services, training
especially in research data management,
building trust in data through ensuring data
quality and standards on how to archive
and re-use data. CESSDA also plays an im-
portant role to integrate social science data
archives into the European Open Science
Cloud (EOSC) in the coming years.

Infrastructure that
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The ESFRI Landmark ESS ERIC is an aca-
demically driven long-term cross-national
survey that has been conducted across Eu-
rope since its establishment in 2001. Every
two years, face-to-face interviews are con-
ducted with newly selected, cross-section-
al samples to chart and explain the interac-
tion between Europe's changing institutions
and the attitudes, beliefs and behaviour
patterns of its diverse populations. Based
on open calls and a scientific evaluation
procedure, the core module is comple-
mented with changing rotating modules
to allow new topics to be included into the
study. In total 10 rounds of data have been
collected with up to 30 European countries
participating in each round, round 11 is in the
fieldwork phase in 2021. ESS had more than
170,000 registered users and ESS data has
been downloaded 130,000 times by 2021
and therefore ESS is one of the most widely
used Social Science projects worldwide.

The ESFRI Landmark SHARE ERIC is a
Research Infrastructure for studying the
effects of health, social, economic and en-
vironmental policies over the life-course
of European citizens and beyond. SHARE
collects multidisciplinary and cross-nation-
al survey panel data on health, socio-eco-
nomic status and social and family networks
of individuals aged 50 or older (biennial
survey waves). Starting in 2004, 480,000
face-to-face interviews with 140,000 indi-
viduals have been collected in 29 countries
over 8 waves by now. SHARE has more than
12,000 users from many different disciplines
by 2021.

The ESFRI Landmark CLARIN ERIC via
CLARIN's Virtual Language Observatory
(VLO) provides easy and sustainable access
to digital language data - in written, spoken,
video or multimodal form - and advanced
tools to discover, explore, exploit, annotate,
analyse or combine them, wherever they
are located. CLARIN makes these data,
tools and services available to scholars,
researchers, students and citizen-scien-
tists from all disciplines, especially in the
Humanities and Social Sciences, through
single sign-on access. CLARIN offers long-
term solutions and technology services
for deploying, connecting, analysing and
sustaining digital language data and tools.
CLARIN supports scholars who want to en-
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gage in cutting edge data-driven research,
contributing to a truly multilingual Europe-
an Research Area.

The ESFRI Landmark DARIAH ERIC aims
to enhance and support digitally-enabled
research and teaching across the Arts and
Humanities. DARIAH is a network of people,
expertise, information, knowledge, content,
methods, tools and technologies from its
member countries. It develops, maintains
and operates an infrastructure in support of
ICT-based research practices and sustains
researchers in using them to build, analyse
and interpret digital resources. By work-
ing with communities of practice, DARIAH
brings together individual state-of-the-art
digital Arts and Humanities activities and
scales their results to a European level. It
preserves, provides access to and dissem-
inates research that stems from these col-
laborations and ensures that best practices,
methodological and technical standards
are followed.

The ESFRI Landmarks CLARIN ERIC and
DARIAH ERIC have collaborated on the
relaunch of the Digital Humanities Course
Registry.

The ESFRI Project E-RIHS supports re-
search on heritage interpretation, preser-
vation, documentation and management. It
connects researchers in the humanities and
natural sciences and facilitates a trans-dis-
ciplinary culture of exchange and coop-
eration. E-RIHS will enable the provision
of state-of-the-art tools and services to
cross-disciplinary users and communities.
It aims at the advancement of knowledge
about heritage and the division of innova-
tive strategies for its preservation. E-RIHS
joined the ESFRI Roadmap in 2016, and is
currently working towards reaching the Im-
plementation Phase.

The ESFRI Project EHRI joined the ESFRI
Roadmap in 2018 and is currently trans-
forming itself from a project into a perma-
nent organisation that will help secure the
future of trans-national Holocaust research,
commemoration and education. EHRI will
undertake all the necessary legal, financial
and strategic work to have this permanent
organisation fully operational by January
2025, the 8oth anniversary of the liberation
of Auschwitz.
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The ESFRI Project GGP provides scientists and policy makers with
high quality and timely data about families and life course trajecto-
ries of individuals to enable researchers to contribute insights and
answers to current societal and public policy challenges. The GGP
survey focuses on inter-generational and gender relations between
people, expressed in care arrangements and the organization of
paid and unpaid work. GGP is run by social scientists and National
Statistical Offices.

The ESFRI Project GUIDE is a pan-European comparative birth
cohort survey including a sample of new born infants as well as a
sample of school age children. Both cohorts will be surveyed us-
ing a common questionnaire and data collection methodology at
regular intervals until the age of 24 years. The Research Infrastruc-
turewill be an important source of high quality longitudinal statisti-
cal evidence to support the development of social policies which
will enhance the well-being of children, young people and their
families across Europe.

The ESFRI Project OPERAS is a distributed Research Infrastrusture
enabling Open Science and upgrading scholarly communication

ESS ERIC, SHARE ERIC,
GGP, GUIDE %

OPERAS o—

E-RIHS

RESILIENCE
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practices in the Social Sciences and Humanities in line with the Eu-
ropean Open Science Cloud. OPERAS' aim is to make Open Science
a reality for research in the SSH and achieve a scholarly commu-
nication system where knowledge produced in the SSH benefits
researchers, academics, students and more generally the whole
society across Europe and worldwide, without barriers.

The ESFRI Project RESILIENCE is an interdisciplinary scientific Re-
search Infrastrusture for all Religious Studies, building a high-per-
formance platform, supplying tools and access to physical and
digital data to scholars from all scientific disciplines. RESILIENCE
primarily serves the academic community, but at the same time its
impact extends significantly to the non-academic community: an
innovative approach for building a European response to the chal-
lenges of diversity of religion.

An overall representation of the Landscape of the Social & Cultural
Innovation domain in provided in Figure 1.

\B SCIE/V
c,oo & _e CESSDAERIC

EHRI

FIGURE 1.

The Landscape of the Social & Cultural Innovation domain
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I3 GAPS, CHALLENGES AND FUTURE NEEDS

Several strong SSH Rls already exist and they create a solid founda-
tion to fill existing gaps in three main areas:

= The landscape is still very fragmented. for some scientific com-
munities, strong RIs already exist that facilitate research in
their domain. Other communities lack such infrastructures and
hence have a much weaker information base to advance re-
search in their field. Also the geographical coverage of Rls var-
ies a lot, which creates inequalities in the availability of good
foundations in doing research between European countries.
Such gaps need to be filled either through expanding the scope
of existing Rls or through allowing new RI to emerge and grow.
For Social Sciences and Humanities it is especially important to
allow also for medium-sized Rls to emerge and develop®.

» The addition of big and new forms of data requires new environ-
ments to access, process and analyse such data also in the SSH
domain to gain new knowledge on social and cultural process-
es. Such data from the administration, private companies or in-
ternet transactions are used increasingly in research in many
SSH domains.

= Connectivity will be a main challenge of Rls infrastructures in the
future. This needs to happen in different ways. While existing
information sources are often FAIR in themselves nowadays,
we are far away from having an entire information system that
is FAIR in all aspects of FAIR. This is the case within the SSH
domain but especially between different domains. Many exist-
ing resources are not easily findable if researchers don't know
where to search. Many data sources, especially around big data
are not easily accessible or not accessible at all. And using in-
formation available from different sources for research requires
developing joint standards and procedures how to make data
interoperable. To do so is not mainly a technical process, it
requires bringing together entire communities to reflect and
agree on such standards.

9.
Four Golden Principles for Enhancing the Quality, Access
and Impact of Research Infrastructures. LERU (2017
https./www.leru.org/files/Four-Golden-Principles-Full-
paper.pdf

Rls FOR HUMANITIES

For the Humanities some strong digital Rl initiatives have been initi-
ated. However, clearly they are far from showing full coverage of all
humanities disciplines. There is stillan enormous amount of histor-
ical and contemporary cultural data that has not been digitized and
not all available digitized data have been annotated and curated
in such a way that they can be incorporated in the Ris. These can
be historical manuscripts, papyri, books, movies, music, paintings,
artefacts, monuments, landscapes etc., but also the knowledge
about such cultural objects. There are also still vast amounts of
contemporary items - political speeches, newspapers, literature,
new art forms, audio-visual materials, collections of child language
or language learners’ language, social media data - that need to
be incorporated. And new text, video, multimedia and social media
data are being created constantly.

The study of contemporary materials is however often hampered
by copyright and privacy restrictions. The Freedom of Information
Act has made possible the access to public information like par-
liamentary records, but efforts need to be invested in lifting such
restrictions for research when it comes to non-public data.

An additional challenge is that an enormous amount of diverse ma-
terials is widely distributed across Europe and beyond. Much effort
will still be needed to include them. Some data are even difficult to
access from outside local communities, and sometimes they are at
risk of deterioration. An important challenge for RIs is to increase
the awareness of their existence and services, and to provide users
- researchers, teachers, museums and citizens - access to such
data and heritage wherever possible in terms of rights. Moreover
Ris should provide users access to the state-of-the-art analysis car-
ried out by experts and researchers, also by exploiting digital media
and archives.

Already existing technologies and expert knowledge from materi-
al science, physics and chemistry need to be used to better anal-
yse, understand and preserve cultural heritage objects. New digital
techniques also enable the creation of digital copies of historical
objects and environments allowing new types of research without
harming the original objects and historical environments can be
digitally recreated and studied.

By combining new digital technologies, digitised Humanities re-
sources and expertise from Humanities experts (including the cit-
izens) to enrich, link and analyse the data new ways of doing hu-
manities research and new research questions can be enabled.
This new way Humanities scholarship involves collaborative, trans-
disciplinary, and computationally engaged research, teaching, and
publishing.

Finally, new tools and services need to be developed in order to
fully exploit the potential of the Humanities Rls for understanding
society, culture, thinking etc. and for enabling new types of re-
search and teaching, and supporting citizens with special needs,

PAG

LANDSCAPE ANALYSIS


https://www.leru.org/files/Four-Golden-Principles-Full-paper.pdf
https://www.leru.org/files/Four-Golden-Principles-Full-paper.pdf

PAG
12

SOCIAL & CULTURAL
INNOVATION

for evidence-based policy making and for contributing for some so-
cietal challenges like the energy transition and climate change but
also for challenges like fighting fake news or explaining the value of
COVID-19 vaccinations.

Rls FOR SOCIAL SCIENCES

The SSH infrastructure landscape is still fragmented. While some
fields have comparative data and information already easily avail-
able to support research in their domain, similar data collections are
missing in many other fields. To create a Research Infrastructure en-
vironment that allows a less fragmented understanding of how de-
mocracies and societies or economic and cultural processes func-
tion or can be transformed will be one main challenge for the SSH
Research Infrastructure landscape. Collaborative projects therefore
continue to emerge in the field of SSH to create a solid information
base, either through collecting new information or through making
existing information available - or both. Some more specific gaps
can be identified in the Social Sciences.

Access to new forms of data for research. This includes adminis-
trative or private sector data or internet transactional data. There is
an important trend in social science research to use data that has
not been designed for research purposes. A lot of data already ex-
ists in the public and private sector because of digitalised admin-
istrative procedures or through the digitalization of everyday life
that is highly valuable for social science research. A lot of this data
is personal data that increases further in value if such information
can be linked across data sources. However, using such data cre-
ates specific challenges beyond computing power, as such data is
far from being FAIR. Often, findable metadata on such sources is
non-existent and it will be essential in the coming years to create a
comprehensive institutional and legal environment to use, link and
re-use such data for research while respecting data protection and
privacy rights. Only few countries have started to provide such an
environment and existing data archives may have to expand their
focus and develop new tools and processes around remote or se-
cured access to support making such data available for research.

Understanding political and socio-economic dynamics. Existing
comparative surveys allow well to study social conditions and to
some extent developments. Other fields lack comparative or long
term information to the same extent. For example how challeng-
es to democracies and the process of political representation and
political participation developed over time, or trends in socio-eco-
nomic or gender inequalities or migration that can create political
contestation and have an impact on well-being can still be studied
only in a fragmented way. Research Infrastructures that collect, in-
tegrate and provide political, social and economic data and infor-
mation within and across countries as well as over time in a com-
prehensive way are lacking. To have a profound understanding of
these processes, however, would be essential to support achieving
many of the UN Sustainable Development Goals such as peace,
justice and strong institutions, no poverty and reduced inequalities,
decent work and economic growth or gender equality and quality
education.
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Linking nutritional behaviour to environmental and agricultural
sustainability. From a social science point of view this is an interest-
ing question. It is based on three synergistic scientific challenges,
which cannot be solved in isolation: the nutritional health challenge
(as in overweight and obesity reduction), the environmental chal-
lenge (as in the protein transition) and the consumer well-being
challenge (consumer engagement). Social inequality is an import-
ant determinant for unhealthy nutritional behaviour. The environ-
mental challenge (taking into account the diversity of Europe) and
consumer engagement require multiple stakeholder coordination
and bargaining between agro-food businesses, citizen-consumers
and governments and public agencies, which require political en-
gagement and regulatory processes, and collaboration with SSH
disciplines need to be developed.

BIG DATA

The development of high-speed data connection together with
storage capacities and information processing software has provid-
ed access to substantial amounts of data for some fields, as well as
new ways of analysing analogue resources of cultural heritage. The
disciplines in Social Sciences and Humanities are thus confronted
with a momentum that is transforming to a great extent the entire
profession of the researcher. Research Infrastructures in this area
must enable the creation and manipulation of large and very het-
erogeneous bodies of data, of a qualitative or quantitative nature,
opening up new research possibilities and encouraging interdisci-
plinary work. RiIs contribute to the valorisation of scientific and cul-
tural heritage.

Accelerated data storage and processing capabilities delivered via
the web have generated renewed opportunities in terms of appro-
priation and manipulation of research resources. Diverse spaces of
resource production of digital technologies have led to the creation
of many platforms dedicated to SSH. They constitute centres for
bringing together interdisciplinary and technological competenc-
es, which offer many services to support, augment and sustain the
work of researchers - people who use digital technology; for exam-
ple the SSH domain delivers criticality, a human-centred approach
to data with *human agency and oversight” (EU, Al HLEG)*®, fore-
grounding fundamental rights that are primary aspects of the EU's
requirements for ethical Artificial Intelligence.

Infrastructures are vital routes to help the EU address the waste
due to the lack of FAIR research data. RIs encourage education and
infrastructurally cohesive approaches to data stewardship and on
making research accessible, particularly the fundamentals of the
FAIR approach. Researcher education is critical across all domains,
in particular promoting standards-led optimisation of research for
open knowledge creation.

Data storage and digital interactivity have opened up new oppor-
tunities in terms of appropriation and handling of research resourc-

10.
High-level expert group on artificial intelligence, European Commission
https.//ec.europa.eu/digital-single-market/en/high-level-expert-group-artificial-
intelligence
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es. Consequently, we have seen a diversification in the locations of
digital resource production which have resulted in the creation of
many tools and services accessible in dedicated platforms. They
form clusters for bringing together disciplinary and technological
skills that offer many services to support researchers in the Human-
ities who use ICT either directly because the research data is digital
or as an environment allowing for access to new processing tools.

Exponential growth in the amount of data, their increasing use by
SSH scholars, as well as the rapid evolution of technology, opens
up new opportunities for SSH research. The use of Big Data and
Machine Learning also bears new methodological challenges with
implications for empirical research: the implementation of surveys
on emerging social trends in longitudinal perspectives can lead to
important advances in epistemological and methodological fields.
In particular, Big Data raises some important issues for the SCI do-
main.

In light of the changes outlined in the preceding section, new forms
of Research Infrastructures combining storage and state of-the-art
information extraction methods and services are required if the re-
search community is to utilise all potential research opportunities.
This section identifies a number of areas in which the changing
research landscape needs to foster new research opportunities in
SSH and at the disciplinary boundaries with other scientific com-
munities.

INCREASING THE GLOBAL REACH

Given that RIs in the Social Sciences and Humanities will be stably
anchored in Europe in the future, further actions have to be under-
taken to make them well-known, attractive and compatible on a
global scale. This can progress in two steps. Even though coop-
eration on Research Infrastructures is increasing in the European
Union and with Associated countries, this cooperation needs to be
further deepened in terms of financial sustainability and the use
of FAIR principles, in a context where government support will be
constrained for financial and budgetary reasons in a post COVID-19
scenario, and there needs to be close cooperation to make the ex-
isting infrastructures sustainable. Secondly, Europe's expertise in all
the areas discussed here is also a sphere of global scientific lead-
ership for Europe, which can be strengthened through a coopera-
tion strategy across countries. The current and further experience
how to collaborate across countries in Social Sciences and Human-
ities through its distributed Research Infrastructures can serve as a
model how to collaborate worldwide and would allow for European
leadership in scaling-up European to worldwide infrastructure in
many domains.

The accessibility of digital research data - e.g. survey data in the
Social Sciences, digitized and annotated documents and cultural
heritage in the Humanities - the development of standards and
tools allowing for inter-operability is obviously the key driver for
increasing global research not only in the Social Sciences and Hu-
manities but in the whole scientific system. It can be stated that
not only there is still a possible gap between different standards for
certain kinds of data - depending on the source from which they
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were derived - between European Research Infrastructures and
non-European Research Infrastructures, there are also rather diffi-
cult challenges to meet that are inherently connected to the con-
tent types of data and research traditions between different parts
of the world. In particular, it needs to be mentioned that countries
that have been ravaged by war and conflict in recent times need
cooperation on appropriate Research Infrastructures to preserve
their cultural heritage, and cooperation in areas such as traffick-
ing of cultural heritage assets have made encouraging progress in
enabling such cooperation during the H2020 programme which is
being continued in the Horizon Europe programme.

Digital tools and functions may have to be updated when applied
to sources in languages, scripts or symbols more recently encoun-
tered by the technology. The underlying understanding of text
types, art classification systems and semantics would potentially
have to be adjusted, complete methodologies would have to be
(re-)negotiated. The same is true for political and sociological re-
search terms and classification systems. In order to integrate and
interconnect heritage and knowledge from and about societies and
cultures from all over the world, their history and self-conception, a
lot of work has to be done to enable global infrastructures to offer
a certain degree of consistency between these data and concepts.

SUSTAINABILITY AND GEOGRAPHICAL
COVERAGE

There is an increased sustainability of the research data due to the
fact that all RIs provide archives for storing data and state-of-the-art
methods to analyse and interpret them. This is an important differ-
ence with respect even the recent past where data could disap-
pear when a researcher retired. Currently not only data are stored
in sustainable, long-lasting and secure archives, but many of the
current Rls - e.g. the ESFRI Landmarks CLARIN ERIC and CESSDA
ERIC - also use methods such as Persistent Identifiers for resources
and data collections, so that the same version can always be re-
trieved and so that research based on their data can be replicated
or extended.

We also need to consider the sustainability of the Rls themselves.
Research Infrastructures need to be sustainable: i) financially and
organisationally; ii) technically; and iii) in terms of human resources.
These three dimensions of sustainability are heavily interlinked and
therefore require adequate financial resources. The organisational
sustainability is supported through the use of the ERIC and other le-
gal structures. The financial sustainability of the central and national
operations may still be an issue worth considering. For all of the
SSH Infrastructures, geographical coverage is crucial for the quality
of the research they support and hence for their sustainability. Data
from one country is not only of interest for the researchers of this
country itself, but also for everyone else in Europe for comparison.
To compare attitudes to different aspects of society, it is not enough
to have information from one part of Europe if other parts are miss-
ing. For those Research Infrastructures where language plays an
important role, it is obvious that a very good geographical coverage
is needed, so that all types of languages, and preferably all lan-
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guages, are described and will be the basis for the research devel-
opments. European data collecting Research Infrastructures have
a higher European Added Value, if they are able to provide data
from all over Europe. Technical sustainability has to do with upgrad-
ing to new versions, following and updating standards, including
new tools and possibilities, following international developments.
All current SSH Research Infrastructures are heavily involved in and
committed to continuous technical development.

Sustainability in terms of human resources is at the heart of our Re-
search Infrastructures. There are three classes of activities where
human resources are crucial:

= building and operating the infrastructure and keeping it up-to-
date in the light of technological and methodological devel-
opments and evolving user needs (this is treated above under
technological sustainability);

= instrumentation and population of the infrastructure with com-
munity specific data and services;

= education, training and research support for existing and future
users.

There are various instruments to make these things happen in a
sustainable way, and they are all implemented to some extent by
the current ESFRI SCI Landmarks. For example, building knowledge
about the availability of RIs within standard university curricula is
a good, sustainable long-term investment. In the shorter term the
obligation for Research Infrastructures to build and maintain what
could be called a Knowledge Infrastructure is important. Knowl-
edge Infrastructure is a formalized way of recognizing and sharing
knowledge among members. It is an acknowledgement that not
all useful knowledge can be concentrated at the central level, and
that the knowledge present at the national level is crucial for sus-
tainability and has to be made visible and shared. This is particularly
true for distributed Research Infrastructures like the SCI Rls.
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INTERCONNECTIONS

The Section 2 of the Landscape Analysis is dedicated
to represent how complexity and diversity of each
research domain bring naturally the Research
Infrastructures to adopt a transdisciplinary approach.
The Rls, besides their research services, often drive
large scientific developments, whose scientific results
and innovation potential can be exploited by other Rls
within their own and also other domains.

The interdisciplinary and complementary approach of Ris is fundamental to stimulate re-
searchers and technology developers to drive their progresses and solve emerging and
complex challenges by answering new scientific questions. Obviously, the cross-cutting
character is valid for the domain of Data, Computing & Digital Research Infrastructures as
data and computing aspects have permeated almost all fields of research. Equally, the
importance and cross-cutting nature of collaboration with the Social & Cultural Innova-
tion domain has been recognised for other ESFRI domains. In the following, we provide
examples for each domain of collaboration among ESFRI and non-ESFRI Rlis, often estab-
lished through bilateral or institutional agreements. Ideas for future collaboration are also
mentioned. A schematic overview of the analysis of interconnections among ESFRI Rls in
Operation Phase or in advanced Preparation Phase and thematic areas is also provided.

The Landscape Analysis of Interconnections has been realized by the Strategy Working
Groups in the respective domain

121 DATA, COMPUTING & DIGITAL
RESEARCH INFRASTRUCTURES

124 ENVIRONMENT

129 HEALTH & FOOD

136  PHYSICAL SCIENGES & ENGINEERING
142 SOCIAL & CULTURAL INNOVATION
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DATA, COMPUTING & DIGITAL

RESEARCH INFRASTRUCTURES

DATA, COMPUTING & DIGITAL

RESEARCH INFRASTRUCTURES

The DIGIT domain includes Data, Computing, Cloud, Digital and
Networking Infrastructures. Current Research Infrastructures in all
domains depend on availability of information sources, data trans-
fer, and computational resources. This dependence makes the in-
teraction with all other domains inherent. The DIGIT-ENE interac-
tion is strong in modeling of energy systems in real-time and with
a high-resolution, modeling of energy materials and components,
and modeling the interactions between domains, for instance be-
tween ENE and ENV. The DIGIT-ENV interaction results in appli-
cations of various High-Performance Computing (HPC) techniques
for climate models, large volume and complex data analytics (Big
Data analytics), in implementing e-tools to ensure data interoper-
ability, data access, data-curation. The PSE domain continues to
develop new methods of handling extreme amounts of data to
be processed by DIGIT Ris thus influencing the DIGIT-PSE inter-
action. The last decade is marked by the process of unification of
the existing databases on materials for ENE, H&F and PSE which
is governed by the rapid development of the DIGIT domain. The
DIGIT-ENE, DIGIT-H&F, DIGIT-PSE interaction boosted research,
growth, and innovation within the physical and life sciences and
engineering. The DIGIT Ris has also played an essential role in the
digital turn that is transforming part of the Social Sciences and Hu-
manities, with Big Data being the core of the DIGIT-SCI interaction.
Most of the SCI RIs use data storage facilities provided by the DIGIT
infrastructures and implement modern techniques like artificial in-

telligence (deep machine learning, deep neural networks) for their
research, that rely on massive computing resources.

The contribution to the EOSC development - as a fundamental en-
abler of the digital transformation of science - is a general charac-
teristic of the interactions between the DIGIT domain and all the-
matic Rls in the ENE, ENV, H&F, PSE, and SCI domains. The latter
are data-generators, but also developers of tools, methods and
standards. Progress in building the EOSC, most notably the legal
status of the EOSC Association and the partnering agreements with
Member States and national initiatives, has been a major step for-
ward and this roadmap witnesses the fruitful interaction between
RlIs and EOSC, mediated and supported by Digital Infrastructures.
EOSC will be supported by high-speed connectivity to transport
data and powerful high-performance computers to process data.
New data produced by laboratories, observatories, analytical,
computational and scholarly work will become progressively FAIR
(Findable, Accessible, Interoperable, Reusable) by design feeding
the EOSC with quality-verified datasets ready for exploitation and
reuse.

See the DIGIT Table for an extended overview of the interconnec-
tions across domains established by those DIGIT Rls in Operation
Phase or in advanced Preparation Phase.
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in Europe
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NE High Performance Computing for energy

Modelling of Energy Systems (high-resolution, real time).
Modelling of Energy Materials and Components.

Modelling of the interaction between Energy and Environment.

High performance computing for environmental sciences
Modelling of complex dynamical systems (oceans, atmosphere, climate, weather forecast).
Modelling of earth and ocean dynamics.

High performance computing for health and food
Modelling and simulation of biological processes.

High performance computing for physical sciences and engineering
Modelling and simulation of condensed matter behaviour.

Modelling and simulation of out of equilibrium phenomena.
Computing theoretical models in HEP, hydrodynamics, etc.

Cl Social and cultural aspects of advanced computing
High-impact scientific discovery and engineering research and development across
all disciplines to enhance European competitiveness for the benefit of society.
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From the primary energy harvest to its transformation into second-
ary energy, its use and the disposal of waste, the energy cycle is a
complex one, which involves all domains represented in the ESFRI
Roadmap. The energy harvest, transformation and disposal of its
waste is intimately linked with the ENV domain. In some cases, Rls
themselves produce components that are of direct impact for the
H&F domain. Efficient energy harvest and transformation are natu-
rally the direct consequence of scientific discovery based on up to
date PSE. The R&D and the diffusion of the results, as in any other
. Last but not
least, both the passage from primary energy to secondary energy

domain, relies on IT under the responsibility of

and its use have impact on the environment and require that soci-
ety embraces and supports the transition process: the understand-
ing of the society appraisal and reactions to change is the expertise
of the SCI domain.

Five Rls represent the portfolio of the domain: ECCSEL ERIC
(Carbon Capture and Storage), EU-SOLARIS (Concentrated Solar
Power), MARINERG-i (Marine Renewable Energy), JHR (R&D in the
field of fission) and IFMIF-DONES (R&D in the field of fusion). JHR
Reactor and IFMIF-DONES have not yet enter into Operation Phase.
Three RIs - EU-SOLARIS, JHR Reactor and IFMIF-DONES - have
been selected for a detailed questionnaire.

The issues addressed by the five Rls have profound links with ENV
and SCI challenges, e.g. the possibility of CO2 removing (ECCSEL),
R&D in support to Nuclear Power Plants (JHR) or alternative use of
solar power (EU-SOLARIS). IFMIF-DONES is part of a longer-term
challenge, nuclear fusion, which is expected to be part of a sus-
tainable energy mix in the second part of this century. In particu-
lar, often the acceptance of advanced technologies needs that the
society becomes an involved partner in their development, hence
the methodology of social science is a key element to understand

)

H&F

DY
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the expectations of the population. All RIs have links with
not only because they all have e-needs to fulfil with respect to their
users, but also to meet the challenge of EOSC.

As in many high technology fields, the link with the domain of PSE
is natural and strong, as illustrated by a few examples. EU-SOLARIS
is focussed on CSP, and high-temperature materials for heat trans-
fer and energy storage are in the spotlight, leading to foreseeable
collaborations in this domain. The JHR has objectives in the fields of
nuclear technology in support to the industry and fundamental sci-
ence (by providing a high neutron flux source), and in radioisotopes
supply for medical applications. It therefore has a link with the MYR-
RHA (waste disposal and radioisotope production) and naturally
with many European laboratories - BR2 operated by SCK.CEN (Bel-
gium), HFR operated by NRG and JRC (The Netherlands), LVR15 op-
erated by CVR (Czech Republic), MARIA operated by NCBJ (Poland).
In the field of radioisotopes, it is also part of the PRISMAP, the Eu-
ropean medical isotope programme: Production of high purity iso-
topes by mass separation, a consortium of 23 beneficiaries from 13
countries, one European Research Laboratory and an International
Organisation. The isotope production by the JHR and the MYRRHA
lends itself to collaboration with H&F. IFMIF-DONES technology is
based on accelerator, leading to collaboration with MYRRHA and
the European Spallation Source ERIC, ILL, and SPIRAL2 (within PSE
domain). Both the JHR Reactor and IFMIF-DONES will have, as one
of their main objectives, the study of material under neutron irradi-
ation, and therefore are expected to have impact on the important
field of material science, together with other ESFRI RIs in PSE.

for an extended overview of the interconnections
in Operation Phase or

Seethe
across domains established by those
in advanced Preparation Phase.

Carbon dioxide Capture and Storage (CCS) research in environmental sciences
Carbon capture and storage verification and climate change.

Carbon dioxide Capture and Storage (CCS) in health and food
Study of the impact of CO2 on benthic organisms and marine ecosystem:;
measurement on carbon cycle and impact on health and agriculture.

Social and cultural aspects of Carbon dioxide Capture and Storage (CCS) research
Carbon capture and storage verification, climate change and impact on human well-being.
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Concentrating Solar Thermal (CST) technologies research in environmental sciences
Concentrating solar thermal solutions for energy budget.

Concentrating Solar Thermal (CST) technologies in health and food
CST impact on health and agriculture.

New technologies and approaches for Concentrating Solar Thermal (CST) technologies
Material science and engineering for energy storage.

Social and cultural aspects of Concentrating Solar Thermal (CST) technologies
CST, climate change and impact on human well-being.

New technologies and approaches for nuclear fusion research
Irradiation of structural materials for nuclear fusion technology.
Accelerator technology: high current CW particle beams.

Social and cultural aspects of nuclear fusion research
Energy security and social acceptance of nuclear fusion.

Nuclear fission research in health and food
Production of advanced radioisotopes for therapeutic and diagnostic applications.

New technologies and approaches for nuclear fission research
Development and optimization of energy materials and components;
irradiation of structural materials for nuclear fission technology.

Social and cultural aspects of nuclear fission research
Energy security and social acceptance of nuclear fission.
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ENVIRONMENT

The Environment domain covers the study of the physical, chemical
and biological world we live in, and how it affects us. Environmental
Rls have multiple roles in tackling global challenges by producing
accurate data and scientific and technical knowledge that underpin
tools supporting decisions. The RIs' observation of environmental
phenomena in their different spatial and temporal scales benefits
from the rapid technological advances which they help fostering.

The Rls in the ENV domain provide many possible linkages with
other domains. Whether the focus is on use of life sciences in H&F,
the environment's role in energy systems in . the underlying
processes of matter and energy in PSE, or the environment in in-
teraction with human society in SCI, there is multiple scope for
cross-fertilization. Methodological and technological advances in
one domain can affect Rls in another domain.

Three Rls - LifeWatch ERIC (e-infrastructure ecosystems and biodi-
versity), ACTRIS (short-lived atmospheric components) and eLTER
RI (long-term ecosystem research) - were identified to represent
Infrastructures in different project phases with significant potential
or existing linkages to other scientific domains.

DIGIT. The cross-fertilization is most evident with the ENV-DIGIT
domain as rapid advances in ICT are harnessed with specific or ge-
neric applications in all Rls, and data-driven research options start
to be vigorously explored in the ENV domain.

= Advances in ICT have opened up new possibilities for devel-
oping cross-domain approaches and involve multiple scien-
tific communities that can make use of cross-cutting services
in order to address issues of common interest. For example,
the LifeWatch ERIC, which includes e-infrastructures, has cre-
ated a so-called ‘horizontal composability layer', which allows
the combination of different data treatment units into complex
workflows, including a tool providing mapping between ontol-
ogies and vocabularies, the LifeWatchEcoPortal. Such a tool is
applicable in different domains. The possibilities for scaling-up
their application are examined in ongoing projects in the con-
text of EOSC.

= Cross-over activities between ENV and DIGIT are for the AC-
TRIS mostly addressed as a participation to the ENVRI cluster
where consideration on data policies, high-performing com-

puting, and data licensing are jointly addressed.

= elTER Rl uses cloud-based platforms such as EOSC. As many
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other environmental Rls, it is working closely with stakehold-
ers - e.g. the Group on Earth Observations (GEO) - to find out
how in situ data obtained from ESFRI RIs can improve GEO data
products. Al and machine learning methods, applied in more
powerful ICT platforms, are expanding the range of methods
for evaluating ecosystem signals across different data streams.

= Digital RlIs create new capabilities that allow analysis of
high-throughput data, whether from genomics, Earth observa-
tion or in situ sensors, and these also facilitate interaction be-
tween eLTER RI and other RIs. In addition, it responds to the
Digital Twin challenge in Europe.

Blockchain technology, such as LifeWatch ERIC enabled its appli-
cation in the ENV domain, is another tool that can assist in scientific
data workflow management. The opportunities created by these
forms of technology development, together with generic archi-
tectures, are a significant driver for collaboration across ESFRI do-
mains, with common solutions to common problems. This results in
transversal e-services that can be employed by communities from
different scientific domains.

HEALTH & FOOD. There is an intimate relation between pur-
pose-driven life sciences for food or health, and the study of bio-
logical phenomena generally.

= elTER Rl is connected to the H&F domain with common inter-
ests in ecosystem issues which can make its research relevant
for agriculture, food, biotechnology and bioenergy production.
Solutions to these questions impact the environmental Ris as
well as the AnaEE, MIRRI and EMPHASIS, and MIRRI. Beyond
H&F, eLTER Rl embraces multi-disciplinary research in a broad-
er societal context (see below in SCI section).

= The key activities of ACTRIS focus on understanding the pro-
cesses and quantifying the impacts of aerosols, clouds and
trace gases on Earth's climate and radiation budget, air quality,
human health, crop yields and ecosystems. There is thus a clear
link of ACTRIS with the H&F domain, aiming to assess a range
of issues from the premature mortality due to the exposure to
atmospheric pollutants to the aerial transport of micro-plastics
to understand how they enter the food chain after deposition
to the ecosystems. ACTRIS expertise was also of fundamental
importance to support industries and authorities during the
COVID-1g9 crisis for evaluating the efficacy of cloth facemasks in
reducing particulate matter exposure.



= An example of implementation by the LifeWatch ERIC infra-
structure with a direct impact in the H&F domain is a Virtual
Research Environment allowing the early detection of invasive
alien species based on environmental DNA. This facilitates
the identification of potential diseases, pathogens or pests for
crops, aquaculture and other food production systems on land
and in the sea.

. Environmental knowledge and resources are key to the
transition to carbon-neutral, renewable energy. ACTRIS provides
the clearest examples.

= |t-supports studies on radiation reaching the ground to esti-
mate solar energy power potential.

= ACTRIS atmospheric simulation chambers allow investigating
the effect of different engine running conditions on exhaust
emissions.

PHYSICAL SCIENCES & ENGINEERING. RIs in the environmental
domain stand to gain detailed insights on energy and matter from
facilities in the PSE domain (see below in PSE section).

SOCIAL & CULTURAL INNOVATION. Ultimately, understanding
economic and societal considerations is key to understanding how
our societies can become more sustainable.

= Adistinctive feature of eLTER Rl is the extension of natural sci-
ence research to the study of society-nature interaction, allow-
ing integrated focus on ecological and socio-ecological inter-
actions. This approach enables linking with other domains and

LANDSCAPE ANALYSIS ENVIRONMENT

disciplines for which the use of ecosystem services is relevant.
One specificity of eLTER is that it integrates about 250 eLTER
sites and el TER Platforms for socio-ecological research, repre-
senting major European natural and socio-ecological gradients.
The eLTER platforms have embedded tools to analyse features
associated with societally relevant attributes, such as the study
of competing land uses, the protection of recreational values or
the conservation of drinking water. The eLTER information sys-
tem is designed to address transdisciplinary challenges.

= ACTRIS is an infrastructure supporting study of climate change
and air quality as fundamentally societal issues; ACTRIS long-
term datasets are used to evaluate the effectiveness of policies
for reducing emissions of pollutants and to connect interven-
tion policies and public acceptance from a local to a national
context.

The complexity of grand global challenges - climate and land-use
change, biodiversity loss, eutrophication and environmental sus-
tainability - requires Rls to enable and support synergistic and in-
tegrative approaches. The ENV Ris address these challenges with
co-creation and co-design of services in collaboration with Rls from
the different domains. Finally, when novel technologies emerge,
long-term data from ENV RIS are a key fundamental prerequisite to
address their viability, impacts and added-value for environmental
sustainability.

See the ENV Table for an extended overview of the interconnec-
tions across domains established by those ENV Rls in Operation
Phase or in advanced Preparation Phase.

ACTRIS

Aerosol, Clouds and
Trace Gases Research
Infrastructure

Open data resources and management for aerosol, clouds, and trace gases observations
Data access and curation, standardisation of data ad metadata, data and services interoperability.

ICT tools for atmospheric research
Virtual Research Environments (VRE) for data processing, trend analysis, and satellite cal/val.
HPC for atmospheric global and regional models, data assimilation and processing of large

volume of data.

Aerosol, clouds, and trace gases observations for energy supply and consumption

D Pt Y

Key atmospheric parameters and environmental assessments
related to different energy production forms.

Aerosol, clouds, and trace gases observations for energy supply
Diagnostics development for wind and solar radiation energy applications.

Aerosol, clouds, and trace gases observations for health and food
Measurements of air quality parameters and impact on health.
Measurements of air quality parameters and extreme weather events and impact on agriculture.

New technologies and approaches for aerosol, clouds, and trace gases observations
Development of laser optics and detectors.
New techniques for atmospheric corrections and aerosol physics.

Social and cultural aspects about aerosol, clouds, and trace gases observations
Key atmospheric parameters, climate change and impact on human well-being.
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DANUBIUS-RI

International Centre
for Advanced Studies
on River-Sea Systems
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Open data resources and management for interdisciplinary research on river-sea systems
Development of DANUBIUS Commons - common set of standards, rules, methodologies
supporting interdisciplinary research in freshwater, transitional and coastal marine environments.

Advanced studies on river-sea systems for health and food
Surface waters analysis in global biogeochemical cycles, food and energy
production, food security, aquaculture, environmental medicine.

Sustainability scenario development for human societies in river-sea systems
Integration of data from interdisciplinary earth and life sciences with social,
economic ad behaviour information on communities living in river-sea systems,
aiming to support sustainable management plans at entire basin scale.

DiSSCo
Distributed System of
Scientific Collections

DIGIT

J

I
-

&

J

Open data resources and management for scientific collections
Multimodal access to collections for a linked open data approach.

System of scientific collections for health and food
Natural science collections for bio- and geo-diversity information,
climate change, food security, health and bioeconomy.

EISCAT_3D

Next generation
European Incoherent
Scatter radar system
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Open data resources and management for monitoring of the atmosphere and ionosphere
Collection and archive of basic data; data processing to describe the ionosphere
and neutral atmosphere; selection of well-designed radar pulse schemes.

New technologies and approaches for monitoring of the atmosphere and ionosphere
Development of new methods of radar coding, signal processing and data analysis.
Sun-earth interactions, radio astronomy, space security, plasma physics, magnetic field studies.

eLTERRI
Integrated European
Long-Term
Ecosystem, critical

DIGIT

J

Open data resources and management for long-term ecosystem research
Access to data across multi-repositories.

zone ar}d socio- H&F Long-term ecosystem research for health and food
ecological Identification of drivers of ecosystem changes for climate, food security, health and bioeconomy.
system Research '\\\
Infrastructure

SCI Social and cultural aspects of long-term ecosystem research

Understand the effects of global, regional and local changes on socio-

'\\\ ecological systems and their feedbacks to environment and society.
EMSO ERIC DIGIT Open data resources and management for monitoring of the seafloor and water column
European Provision of data and metadata.

Multidisciplinary
Seafloor and water-
column Observatory

J

I
-

&

J

o
[72]
m

4

[74]

Cl

4

Seafloor and water column observations for health and food
Biogeochemical and physical parameters measurements to address natural hazards, climate change
and marine species/ecosystems under anthropogenic change; biodiversity and ecosystem stability.

New technologies and approaches for seafloor and water column observations
Development of instrument and technologies.

Social and cultural aspects of seafloor and water column observations
Key hydrosphere observations, climate change and impact on human well-being.

EPOS ERIC
European Plate
Observing System

DIGIT
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High performance computing for solid earth science
Integration of data and services - including data products, models and
facilities HTC resources for data, metadata and services integration.

Open data resources and management for solid earth science
Access to quality controlled data from diverse earth science disciplines,
tools for analysis and modelling data fairness in solid earth science.
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Solid earth science for energy supply and consumption
Carbon capture and storage verification.

Solid earth science for energy supply
Geo-resources; geothermal heating; anthropogenic hazards.

Health impact of natural gas emissions and volcanic ashes
Environmental impact of tsunamis, landslides, volcanic eruptions,
lahar and gas emissions for food security.

New technologies and approaches for solid earth science
Development of instrument and new technologies.

Social and cultural aspects of solid earth science

Solid earth observations for environmental changes and hazards and impact on human well-being.

Hazard assessment, risk communication and emergency management.
Increasing resilience of society to natural and anthropogenic hazards.

EURO-ARGO
ERIC

European contribution
to the international
Argo Programme
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Open data resources and management for oceans observing systems
Access to quality controlled data and data products for climate and oceanography.

Global array of oceans observing systems for health and food
Measurements of physical and biogeochemical parameters of the oceans
and influence on climate change and impact on health.

New technologies and approaches for oceans observing systems
Development of instrument and technologies, e.g. new sensors
to be mounted on autonomous platforms.

Social and cultural aspects of oceans observing systems
Key ocean observations, climate change and impact on human well-being.

IAGOS

In-service Aircraft
for a Global
Observing System
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Open data resources and management for atmospheric composition observations

Near real time data on atmospheric chemical species to weather and research services.

Global observations of atmospheric composition for energy supply and consumption

Key atmospheric parameters and environmental assessments
related to different energy production forms.

Global observations of atmospheric composition for health and food
Measurements of air quality parameters and impact on health.

New technologies and approaches for atmospheric composition observations
Development of instrument and technologies.

Social and cultural aspects of atmospheric composition observations
Key atmospheric observations, climate change and impact on human well-being.

ICOS ERIC
Integrated Carbon
Observation System

HP,

I

&F

J

Open data resources and management for integrated carbon observation system
Highly standardised quality control data archived for the long term, services
for GHG model integration, comparison and visualisation.

Integrated carbon observation system for energy supply and consumption
Large scale monitoring of atmospheric CO2 around CCS.

Integrated carbon observation system in health and food

High precision measurement on carbon cycle in agricultural systems, support
for climate-smart agriculture, evaluation of bioenergy, common analyses of
plant and microbial adaptation to change in relation to carbon cycle.
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SE New technologies and approaches for integrated global carbon and GHG observations
Development of instruments, new arrays for local (city) and regional emission
verification, and technologies for satellite ground verification.

o

4

[74]

Cl Social and cultural aspects of integrated carbon observation system
Key observations on carbon cycle and greenhouse gas budget and perturbations, climate change
and impact on human well-being, common studies on behaviour related to climate change.

4

9
o
_'

High performance computing for biodiversity and ecosystems
Integration of biodiversity and ecosystem data and services -
including data products, models and facilities.

LifeWatch ERIC
e-Infrastructure for
Biodiversity and
Ecosystem Research

4

DIGIT Open data resources and management for biodiversity and ecosystems
Provide Virtual Research Environments (VRE) to run scientific
experiments in cooperative environments.

4

I
-

& Biodiversity and ecosystems in health and food
Advancement of scientific and technological research on human microbiota, vectors

for diseases and parasites and impacts on human health and well-being.

J

I
QO
-

Biodiversity and ecosystems in health and food
Advancement of scientific and technological research on conservation of biodiversity in species
of agricultural interests, ecosystem impacts on/from agriculture, fisheries and aquaculture.

J

o
(2]
m

New technologies and approaches for monitoring biodiversity and ecosystem
Development of ICT instruments and technologies for the control
of atmospheric and hydrosphere composition.

J

w0

Cl Social and cultural aspects of biodiversity and ecosystems
Development of ICT instruments and technologies on socio-ecological
systems, past and future ecosystem services and human well-being.

J

ESFRI ROADMAP 2021 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES



HEALTH & FOOD

LANDSCAPE ANALYSIS HEALTH & FOOD

The Health & Food domain has undergone very dynamic devel-
opment in the last decade, beginning with Ris covering biological
and biomedical sciences (Health) and expanding into Food, to fill
the gap, which is essential to human well-being and health. H&F
exhibited enormous ability and agility to respond to demands of re-
search communities, societal challenges, and gaps on the roadmap
and became a central for establishing connections to Rls from all
the other domains. Besides the vibrant development and capability
to bundle capacities and cluster expertise and a complementary
service, the H&F RIs diversified over the last decade and exist in
two basic subdomains, the Health and Food. The established in-
teractions to other ESFRI domains could be exemplified by ELIXIR
(biological and biomedical data resources), Euro-Biolmaging ERIC
(biological and biomedical imaging), EMPHASIS (Multi-scale Plant
Phenomics and Simulation) and AnaEE (Analysis and Experimenta-
tion on Ecosystems).

Broadening the Health for logically interlinked Food brought further
intensification of interactions with environmental and social do-
mains, creating new opportunities for inter-sectorial solutions and
innovations.

Thus, Food has become a significant second pillar of the H&F as
the Agri-food tackles major challenges including sustainable food
production and distribution systems, and hunger versus agri-food
markets and their functioning. The increasing attention to agri-food
system sustainability represents a global issue strictly connected
to the food security dimensions - i.e. food physical availability, uti-
lization, and stability. Here the H&F RIs have established a pivotal
cross-sectoral interaction platform interconnecting the environ-
mental domains, sustainability of food production in the context of
climate change, and human health.

SOCIAL & CULTURAL INNOVATION. The SCI domain has been cur-
rently linked to the H&F activities via EOSC, a part of the European
Cloud Initiative, which builds a competitive data and knowledge
economy in Europe. Partnerships outside the biomedical field are
being further strengthened in particular with the IT infrastructure
community (tangible with EGI) and randomised interventional stud-
ies (including with cluster randomisation) showing a very powerful
tool to generate evidence on the efficacy of social, economic or ed-
ucational policies.

ENVIRONMENT. The area of Environment is naturally very close to
the Food subdomain, though also biomedical RIs have setup ex-
panding interactions to the ENV domain at the cross-section of

both areas where environment affects the human health. In the
Food, Rls including EMPHASIS, AnakEE, EMBRC ERIC, and METRO-
FOOD-RI closely collaborate with the ENV domain.

The EMPHASIS and AnaEE collaborate, bringing innovative solu-
tions for a sustainable intensification of agriculture by integrating
plant phenomics and agricultural ecology to foster the development
of novel scientific concepts, sensors and, integrated models. Both,
EMPHASIS and AnaEE intensively interact with ICOS ERIC, ACTRIS
and eLTER RI. For instance, about half of the AnaEE platforms are
collocated with ICOS ERIC and/or ACTRIS sites. There are strong
synergies between EMPHASIS and the ecosystem-oriented eLTER
Rl (about 25% collocations) or between the marine biology EMBRC
ERIC and ecosystem infrastructures AnaEE or LifeWatch ERIC. MET-
ROFOOD-RI, a RI at the cross-section of health, food, and environ-
ment has built close links to ENV domain, dealing with sustainability
of agri-food systems, limitation environmental burden and negative
effects on biodiversity, reduction of wastes and resource consump-
tion, soil health protection and biodiversity restoration, improving ag-
riculture, and supporting agroecological transition.

Regarding the environmentimpact on human health, new cross-dis-
ciplinary activities and initiatives have been currently developing,
bridging the existing gaps between environment, food, health and
social sciences. Here, ENV and biomedical RIs have begun to de-
scribe environmental determinants of health (human exposome) to
improve understanding of the impact of environmental exposures
on population health and characterizing the risk factors behind de-
velopment of chronic conditions. This effort centrally bridges the
ENV RIs with H&F enabling assessment of environmental risks,
development of innovative tools for modelling gene modifications,
chronic diseases and ageing as well as discovery of novel tools for
the risk mitigation and prevention in close collaboration with exist-
ing landmarks BBMRI ERIC, INFRAFRONTIER, and ELIXIR.

PHYSICAL SCIENCES & ENGINEERING. The development of new
technological and digital approaches in biology has revolutionized
methods to understand life and has largely contributed to the de-
velopment of new knowledge on its functioning, from the atomic
scale to the scale of the organism without discontinuity and in their
native state. The interaction with PSE could nicely exemplified by
for instance EMPHASIS, AnaEE, Euro-Biolmaging ERIC, INSTRUCT
ERIC and all others as such interaction creates natural bridges be-
tween physicists, chemists, digital specialists, agri-researches, etc.
to develop new concepts and future technologies, all facilitating
the innovation.
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EXTENSIVE MULTIDOMAIN INTERACTIONS. H&F Life Science RIs
have shown to be transversal in all thematic research areas and
have developed also an effort to interact with partners and users
outside Europe. H&F RIs have built new strategic relationships
also outside the EU via the RI-VIS Communication Project®. The
European Monitoring and Evaluation Programme (EMEP)* makes
extensively use of a wide variety of large cross-national Research
Infrastructures, and that encompasses each of the ESFRI domains.
EMEP is a network developed over the past 35 years in order to
support effect-based cost-effective air pollution policies.

Many Rls in the H&F domain are well-positioned to develop interac-
tions with most ESFRI domains as they are archetypal of multi-do-
main interconnections. Thus, EU-IBISBA project (Industrial Biotech-
nology, IB) with connections to other domains became part of its
conceptual basis. Industrial Biotechnology is the application of bio-
logical systems for industrial purposes. While powered by enzymes
and microorganisms, it relies on synergy between biology and
chemical engineering and covers a wide range of market sectors,

1.
RI-VIS Communication Project
https.//ri-vis.eu/network/rivis/Home

2.
European Monitoring and Evaluation Programme (EMEP)
www.emep.int

from bio-based fuels and plastics to bulk and fine chemicals, food
and feed ingredients, waste treatment, pollution prevention and re-
source conservation. IBISBA thus complement generic or special-
ized approaches and meets needs from , ENV, PSE domains.
Moreover, complementarities and the central position regarding
the human health and well-being allow joining forces to tackle also
such global situations, which represent the COVID-19 pandemics
as well as non-communicable diseases that originate from diet
patterns within the European food systems context. The clustered
resources and expertise available from the biomedical Rls demon-
strated how the ESFRI RI's principles help to provide solution to
such a pan-European challenge.

Finally, connecting with cohorts initiatives (general population or
more specialized cohorts), European registries (Rare disease), ge-
nomic information initiatives (BIMG) or health data repositories
outside the specific RIs field, will be instrumental in developing in-
tegrated approaches to solve Health issues that are naturally inter-
linked with the SCI domain.

See the H&F Table for an extended overview of the interconnec-
tions across domains established by those H&F Rls in Operation
Phase or in advanced Preparation Phase.

AnaEE
Analysis and
Experimentation
on Ecosystems

J

Open data and modelling resources for managed and natural ecosystems
Modelling platforms by providing the necessary hardware and software, as
well as the access to expertise, datasets and modelling libraries.

Managed and natural ecosystems for energy supply and consumption
Bioenergy and bio-renewables - trade-offs between food supply, energy supply,
biodiversity and ecosystem services, carbon sequestration in ecosystems.

m
4
<

4

m
<

N

4

m
4
<

4

m
r4
<

4

0

Managed and natural ecosystems in environmental sciences
Land use and exploitation by agriculture change, food security and environmental sustainability.

Managed and natural ecosystems in environmental sciences
Bioenergy and bio-renewables - trade-offs between food supply, energy supply, biodiversity
and ecosystem services, carbon sequestration in managed and unmanaged ecosystems.

Managed and natural ecosystems in environmental sciences
Health, environment and air/water/food pollution.

Managed and natural ecosystems in environmental sciences
Climate change, weather extremes, and epidemiology of
pathogenic agents, in humans, animals and plants.

SE New technologies and approaches for managed and natural ecosystems

Internet of things, new technologies - sensors, drones to satellites - to better predict and
model agricultural systems, crop/livestock yield, and interactions with the environment.

4

[74]

Cl Social and cultural aspects of managed and natural ecosystems
Land use and exploitation by agriculture change, food and
non-food systems, ecosystem services.

Open data resources and management for biobanks and biomolecular resources
Catalogue on sample/data collections with aggregated results.

User-search on sample-level and patient-/donor-level data, including

clinical data, and in some cases deep phenotype and omics data.

BBMRI ERIC
Biobanking and
BioMolecular
resources Research
Infrastructure

Hp,
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New technologies and approaches for biobanks and biomolecular resources
Biomedical engineering and precision medicine: facilitate access to
samples/data for health research (i.e. imaging, digital pathology).

Social and cultural aspects of biobanks and biomolecular resources
Facilitate access to longitudinal studies and cohorts in the healthy population,
e.g. life course studies, ageing.

Facilitate access to longitudinal studies and cohorts in complex disease studies,
e.g. obesity and food demand and consumption.

Social and cultural aspects of biobanks and biomolecular resources
Providing guidance on the ethical, legal and societal aspects in
data/sample management for the life sciences.

i J

EATRIS ERIC Open data resources and management for translational medicine and drug development
European Advanced Open access to anonymised clinical data.
Translational Research
Infrastructure
in Medicine PSE New technologies and approaches for translational medicine and drug development
\ High-end technologies to advance new products from target validation to early clinical trials.
SCI Social and cultural aspects of translational medicine and drug development
Use of longitudinal studies and cohorts in the healthy population, e.g. life course studies, ageing.
\\\ Use of longitudinal studies and cohorts in complex disease studies,
e.g. obesity and food demand and consumption.
SCI Social and cultural aspects of translational medicine and drug development
Anthropological studies using resources in biomedical engineering,
"\\\ clinical data and precision medicine: ethical implication.
ECRIN ERIC DIGIT Open data resources and management for multinational clinical research and trials
European Clinical research medata repository and clinical research data repository(ies)

Clinical Research
Infrastructure Network

J

o

SE

J

(4]

Cl

J
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Cl

J
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for storage, integration and sharing of data from clinical trials.

New technologies and approaches for multinational clinical research and trials
New approaches and design in particular in precision medicine and
machine learning stratification, small populations, platform trials.

Social and cultural aspects of multinational clinical research and trials

Use of longitudinal studies and cohorts in the healthy population, e.g. life course studies, ageing.
Use of longitudinal studies and cohorts in complex disease studies,

e.g. obesity and food demand and consumption.

Social and cultural aspects of multinational clinical research and trials
Trial management: ethical, data protection and cross border legal implication.

Social and cultural aspects of interventional studies
Randomised studies in social science, in particular cluster-
randomised assessment of public policies.

ELIXIR

A distributed
infrastructure for
life-science data

DIGIT

J

m
<

N

J
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J
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High performance computing for integrated bioinformatics resources and services
Data resources for the life sciences and the long-term preservation of biological
data; repositories for publishing open data in the life sciences.

Integrated bioinformatics resources and services in environmental sciences
Sequencing of the DNA and RNA of crop and forest plants, as well
as their pathogens and pests; marine metagenomics.

LANDSCAPE ANALYSIS

Social and cultural aspects of integrated bioinformatics resources and services
DNA and RNA in medical and translational research, and rare diseases: ethical implication.

Social and cultural aspects of integrated bioinformatics resources and services

Use of longitudinal studies and cohorts in the healthy population, e.g. life course studies, ageing.
Use of longitudinal studies and cohorts in complex disease studies,

e.g. obesity and food demand and consumption.
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EMBRC ERIC DIGIT Open data resources and management for marine biological resources
European Marine Interoperability and standardisation of data generated by marine research, marine

Biological “\ biological observation, and bioinformatics; processing, curation and storage of large
Resource Centre datasets of sequences, metadata, historical time series and literature resources.
Marine biological resources for energy supply and consumption
Bioenergy and bio-renewables - bioenergy microbes, plants, crops, aquaculture.
Marine biological resources for energy supply and consumption
Bioenergy and bio-renewables - trade-offs between food supply,
energy supply, biodiversity and ecosystem services.
ENV Marine biological resources in environmental sciences
Volcanic cold seeps, proxies for the future high CO2/low pH oceans; polluted low-oxygen
'\\\ sites, and artificial habitats such as renewable energy test sites for research on bio-fouling.
ENV Marine biological resources in environmental sciences
\ Health, environment and air/water/food pollution on human health.
PSE New technologies and approaches for marine biological resources
Satellite tag and sensor design for specialised services for tracking large
ﬁ\ marine organisms, such as mammals and turtles in their natural habitat.
SCI Social and cultural aspects of marine biological resources
\ Anthropological studies using resources in biobanks and omics.
SCI Social and cultural aspects of marine biological resources
Marine and maritime education (ocean literacy).
%\ Attitudes to new types of sea food.
EMPHASIS Multi-scale plant phenotyping and simulation for energy supply and consumption
European Agriculture and land-use change, food and non-food systems.

Infrastructure for
Multi-scale Plant
Phenomics and Multi-scale plant phenotyping and simulation for energy supply and consumption
Simulation Development and optimization of specific energy plants;
competition of food supply and biomass for bioenergy.

Multi-scale plant phenotyping and simulation for energy supply and consumption
Bioenergy and bio-renewables - bioenergy microbes, plants, crops, biofuels.

m

NV Multi-scale plant phenotyping and simulation in environmental science
Precision agriculture and internet of things, new technologies - sensors,
drones to satellites - to better predict and model agricultural systems,
crop/livestock yield, and interactions with the environment.

4

m
<

N Multi-scale plant phenotyping and simulation in environmental science

Land use and exploitation by agriculture change, food and non-food systems.

J

m
<

N Multi-scale plant phenotyping and simulation in environmental science
Bioenergy and biorenewables - bioenergy microbes, plants,

crops, biofuels - and the environment.

J

m
z
<

Multi-scale plant phenotyping and simulation in environmental science
Bioenergy and biorenewables - trade-offs between food supply,
energy supply, biodiversity and ecosystem services.

4

m
<

N Multi-scale plant phenotyping and simulation in environmental science

Health, environment and air/water/food pollution on human health.

4

m

NV Multi-scale plant phenotyping and simulation in environmental science
Climate change, weather extremes, and epidemiology of
pathogenic agents, in humans, animals and plants.

4
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New technologies and approaches for multi-scale plant phenotyping and simulation
Internet of things, new technologies - sensors, drones to satellites - to better predict and
model agricultural systems, crop/livestock yield, and interactions with the environment.

Social and cultural aspects for multi-scale plant phenotyping and simulation
Land use and exploitation by agriculture change.

ERINHA
European Research
Infrastructure on
Highly Pathogenic
Agents

m
<

N

J

Cl
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Surveillance of highly pathogenic micro-organisms in environmental sciences
Climate change, weather extremes, and epidemiology of
pathogenic agents, in humans, animals and plants.

Social and cultural aspects for surveillance of highly pathogenic micro-organisms
Use of longitudinal studies and cohorts in infectious disease studies,
with high risks for public health, society and the economy.

Social and cultural aspects for surveillance of highly pathogenic micro-organisms
Outbreak preparedness, surveillance and response.

EU-IBISBA
European Industrial
Biotechnology
Innovation and
Synthetic Biology

m
Zz
<

Industrial biotechnology innovation for energy supply and consumption
Bioenergy and bio-renewables - bioenergy microbes, plants, crops, biofuels.

Industrial biotechnology innovation in environmental sciences

Accelerator Identification of genes, enzymes and regulation of the metabolic pathways to degrade the
'\\\ environmental contaminants and to synthesize chemical compounds by biotransformation
/ biorefinery processes - e.g. pharmaceuticals, biofuels, biomaterials, enzymes.
EU- DIGIT Open data resources and management of high-throughput screening data of chemical compounds
OPENSCREEN Large-scale open-access data for computational data integration and prediction of drug-
ERIC ﬁ\ target interactions and networks, adverse effects and drug combinations; well-annotated,
European standardised and controlled datasets with good coverage of chemical space.

Infrastructure of Open
Screening Platforms
for Chemical Biology

m
z
<

J

0

SE

J

High-capacity screening and chemical optimization platforms

for compounds in environmental sciences

Development of new and safer products - e.g. Drugs to treat diseases,
selective herbicides to protect crops, food additives for livestock.

New technologies and approaches for high-capacity compound

screening and chemical optimization platforms

High-end technologies to advance new products from target validation to preclinical studies.
Imaging, diagnostics and novel therapeutic approaches.

Euro-Biolmaging
ERIC

European Research
Infrastructure for
Imaging Technologies
in Biological and
Biomedical Sciences

DIGIT

J
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m
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Open data resources and management for biological and biomedical imaging

Public data repository (bioimage archive) to store, integrate and serve image datasets from
published scientific studies.

Cloud-based image data services, to run image analysis algorithms on large openly available image
datasets to address new biological questions; pre-clinical image data archiving and processing.

Biological and biomedical imaging in environmental sciences

Studies on the bacterial response to environmental stimuli.

Study of the molecular and cellular mechanisms underlying plant resilience under stress
conditions, including warming, drought, and others associated with a changing climate.

Biological and biomedical imaging in environmental sciences

Microscale studies of the microbial communities and their cellular interactions and physiology
in matrixes such as soil, seas and underground waters to study the determinants of biodiversity
and determine organisms' characteristics and behaviour under changing conditions.

LANDSCAPE ANALYSIS

Biological and biomedical imaging in environmental sciences

Study of causal climate change effects and threats, e.g. characterization of
emergent disease vectors and pathogens including their molecular/cell biological
pathways, and their pathogenic effects in whole organisms and humans.

New technologies and approaches for biological and biomedical imaging

Novel detection modalities to reveal new processes and linking them to data from other
infrastructures. Access to a range of cutting-edge technologies in biological and biomedical
imaging for life scientists and beyond; image data analysis and exploring imaging data

in combination with non-imaging big datasets, data analysis support and training.
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Social and cultural aspects for biological and biomedical imaging
Use of longitudinal studies and cohorts in the healthy population, e.g. life course studies, ageing.
Biomedical engineering and precision medicine: ethical implications.

INFRAFRONTIER
European Research
Infrastructure for

the generation,
phenotyping,
archiving and
distribution of mouse
disease models
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Open data resources and management for mouse functional genomics
Data resources of EMMA, the non-profit repository for the collection,
archiving (via cryopreservation) and distribution of relevant mutant
mouse strains essential for basic biomedical research.

Open data resources and management for mouse functional genomics
Novel approaches for large-scale data analysis and visualisation
using Al and deep learning approaches.

Mouse functional genomics in environmental sciences
Study of the genetic, environment and pharmacological components of human disease.

New technologies and approaches for characterising and
analysing genetic models of human diseases

Access for life scientists to cutting-edge technologies for large-scale
functional characterisation of rodent models of human diseases.

Social and cultural aspects for genetic disease modeling
Longitudinal studies of age effects on health and disease in rodent models.
Ethical implications of genetic disease modelling, 3RS.

INSTRUCT ERIC
Integrated Structural
Biology Infrastructure

DIGIT

J
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Open data resources and management for integral structural biology
Data analysis: bioinformatics, computational software, image processing.

Integrated structural biology in environmental sciences
Suddenly shapes, sizes and assemblies of molecules assigned to various
compartments in cells and put into context with their surrounding environment.

New technologies and approaches for integrated structural biology
Analytical facilities at molecular scale - i.e protein production, cryo-electron microscopy,
NMR, nanobody drug discovery, protein crystallisation, X-ray approaches.

METROFOOD-RI
Infrastructure for
promoting metrology
in food and nutrition

DIGIT
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Open data resources and management for food and nutrition

Collection, dissemination and sharing of information about principles, terminology, tools.
Harmonization and integration of food composition databases and tools.

Development of new standardized tools for food quality, safety & authenticity and for traceability.

Metrology in food and nutrition for energy supply and consumption
Agriculture and land-use change, food and non-food systems.

Metrology in food and nutrition for energy supply and consumption
Bioenergy and bio-renewables - trade-offs between food supply,
energy supply, biodiversity and ecosystem services.

Food and nutrition in environmental sciences
Agriculture and land-use change, agroecology, food and non-food systems.

Food and nutrition in environmental sciences
Health, environment and air/water/food pollution, environmental quality, food defense.

New technologies and approaches for metrology in food and nutrition
New devices and technologies to exploit alternative sources of food and circular economy solutions;
advanced digital solutions for food production, resource efficiency and waste management.

Social and cultural aspects for food and nutrition
Better use of longitudinal studies and cohorts in complex disease studies, e.g obesity and
food demand and consumption; consumer sciences, food behaviours and attitudes.
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Social and cultural aspects for metrology in food and nutrition
Agriculture and land-use change, food and non-food systems,
including local food systems and food transparency.

VAPL

MIRRI Open data resources and management for microbial resources and/or their application
Microbial Resource Interoperability of data, facilitated data mining, availability of trusted data.

Research

Infrastructure

Microbial resources for energy supply and consumption
Bioenergy and bio-renewables - bioenergy microbes, plants, crops, biofuels.

m
4
<

Microbial resources for environmental sciences
Microbial resources for the production of renewable biobased chemicals/materials.

J

m
<

N Rescuing and preserving microbial biodiversity
Investigation and preservation of microbial biodiversity, preservation of biodiversity

of endangered environments, linking biodiversity to bioprospection.

J

m
<

N Research on pathogenic microorganisms and human / human-animal infectious diseases
One health, human / human-animal infectious diseases, antimicrobial

resistance and responsible use of antibiotics.

J

m
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Resources and methods for biological management of soils and crops
Soil health, microbial resources as/for biofertilizers or biopesticides,
antimicrobial resistance and responsible use of antibiotics, one health.

J

m
<

N Microbial resources and methods for biomonitoring and/or bioremediation

Microbial pathogens, persistent organic pollutants and plastics in soils and waters.

J

(73]

Cl Social and cultural aspects on the role of microbes on health and well-being
Health and food literacy, prevention of infectious diseases, antimicrobial
resistance and responsible use of antibiotics, food safety and food

spoilage, consumption of new microbial-based food products.

J
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Examples of specific linkages of Research Infrastructures in the PSE

domain can be found with all other five domains . ENV, H&F,
SCI, DIGIT. All PSE projects are linked with DIGIT due to their char-
acter and the large amount of data that need to be processed, ana-
lysed and distributed. PSE RIs are aiming to achieve full compliance
with the FAIR data principle - archived data access, interoperability
and long-term sustainability. Most of the PSE Rls are active drivers
of the European Open Science Cloud, an environment for hosting
and processing research data. The CERN World LHC Computing
Grid (WLCG) connects up to 200 computing clusters and offers near
real-time access to LHC data. Also, the expected future demand
will outgrow the foreseeable technology development and call for
further innovative digital solutions. This experience and know-how
can serve as a guide for other domains. In the following we will try
to illustrate some aspects of the specific linkage.

Analytical infrastructures. ELI, EMFL, European Spallation Source
ERIC, European XFEL, ESRF EBS, ILL - play an important role in
answering the societal challenges of today within Horizon Europe,
especially in the areas of , ENV and H&F. The cooperation be-
tween Ris allows to fully harness the power of analytical Rls. Bridg-
ing information from X-ray, neutron and electron-beam facilities,
is vital to understand and predict the behavior of materials and to
guide the design of new materials. In and ENV, the develop-
ment of new functional materials is essential for a climate neutral
and circular economy in Europe. Here, analytical Rls reveal material
properties and transformations that lead to the development of im-
proved sources of renewable energy; carbon-negative insulation,
carbon capture and conversion, and energy storages - hydrogen
and batteries. They enable the knowledge creation that is funda-
mental for the success of alliances and partnerships such as the
European Battery® and European Clean Hydrogen Alliances* and
the European Clean Hydrogen Partnership®. Batteries and fuel cells
are layered systems in which the components determine the over-
all performance. At ESRF, hard X-ray phase-contrast tomography
enabled a statistical analysis of the chemo-mechanical transforma-
tion of composite electrodes under fast charging conditions. The
results of the study help to improve batteries in terms of lifespan,

3.
European Battery Alliance
https./www.ebaz50.com/

4.
European Clean Hydrogen Alliances
https./www.ech2a.eu/

5.
European Clean Hydrogen Partnership
https.7www.fch.europa.eu/news/eu-proposal-set-clean-hydrogen-partnership-europe-1

energy density and usability, thus tackling three of the main ob-
stacles to a broad deployment of electro-mobility. Photocatalysts
are being developed for sustainable processes, such as cleaning
of water, energy generation in solar cells, hydrogen production and
the conversion CO2 into useful chemicals and fuels®. The tech-
niques available in analytical facilities reveal material properties at
the atomic scale and thereby allow them to be tailored according
to end-user needs. Photon (ESRF, XFEL) and electron microscopy
identify the different organic compounds in aerosols - an import-
ant factor for the climate and subject of ACTRIS. Neutron scatter-
ing facilities (ILL, ESS) study the formation of ice clouds. The high
repetition rate of X-ray pulses allows the study of nano-particles
important for catalysis of soot particles in pollution. Applications
of analytical Rls in H&F include deep understanding of underly-
ing molecular mechanisms of a large variety of microbial diseases,
viruses (such as COVID 19) and cancer. Innovative technologies at
analytical RIs facilitate the development of integrated, multi-para-
metric and multiscale analytical imaging at sub-nanometer to mm
scales. Multidisciplinary groups have used the laser-like X-rays of
XFEL to explore the atomic structure and dynamics of proteins rel-
evant to the SARS-CoV-2 virus and antibiotic resistant bacteria. Eu-
ropean XFEL is able to solve structures of bio molecules within few
minutes and analyze membrane proteins for the development of
drugs targeted at cell membranes.

Astronomy & Astroparticle Physics. ELT, SKAO, CTA, and EST and
KM3NeT 2.0 - are connected with ENV domain, e.g. through the
applications of LOFAR (SKA pathfinder) to monitor the Earth's sub-
surface with seismic-vibration sensors. KM3NeT 2.0 will provide a
unique opportunity for environmental scientists to access data on
sea currents, temperature, acoustic activity, etc. collected from
sensors in deep sea. CTA on cosmic astroparticle detection is us-
ing the data on atmosphere quality (transmission) from the LIDAR
techniques coming from ACTRIS. The EMSO ERIC in ENV domain is
linked to KM3NeT 2.0 as the EMSO regional Facility in Sicily is also a
test site for KM3NeT 2.0. EST will study solar magnetic activity caus-
ing terrestrial changes. This can develop into a dedicated research
studying the links between the solar output and the Earth's climate,
relevant for the long-term ecosystem research eLTER RI. EST will
closely monitor the properties of the atmosphere which affect its
capability for observing the Sun, e.g. precipitation per year, density

6.
Examples are taken from the publication "Analytical Research Infrastructures - A key
Resource for the five Horizon Europe Missions, 2020 and input from XFEL
https./www.lens-initiative.org/wp-content/uploads/2020/09/ARIE-MISSIONS-PosPaper-
FINAL-RELEASE_09.2020.pdf
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of aerosols at different months, or the impact of societal activities
on the quality of the sky. If the atmosphere is affected by human
activity and loses its capability to protect the society from harmful
UV radiation, EST will monitor that degradation. Dedicated studies
of geomagnetic storms by EST could be used in risk management
relevant to domain. Imaging technologies used, for example,
by ELT on the forefront of research for image processing can be
used in medicine and biology (H&F). SKA pathfinder LOFAR_Argo
is pioneering measurements of the micro-climate in potato crops
using LOFAR antennas and mote sensors. Development of glob-
al network of ground based gravitational wave (GW) observatories
VIRGO, LIGO, KAGRA and the future INDIGO connects the RIs (ELT,
SKAO, CTA, KM3NeT 2.0) within PSE domain in the multi-messenger
approach. With the proposed next generation GW observatory, the
Einstein Telescope, Europe will take the leading role in GW astro-
physics.

Nuclear & Particle Physics. HL-LHC, FAIR, SPIRAL2 and KM3NeT 2.0
have outstanding applications in H&F domain. FAIR/GSI, GANIL/
SPIRAL2 and CERN participate in research programs in biophys-
ics, radio-biology and medicine dedicated to optimization of had-
ron-therapy protocols and new, less invasive cancer treatments.
Today almost 30 proton and carbon therapy centres are operated
in Europe. GSI together with CERN have pioneered heavy-ion can-
cer therapy in Europe with the first hundreds of patients treated
at GSI, leading to knowledge transfer for the construction of the
first clinical facility in Europe of this kind, the HIT in Heidelberg and
later to CNAO in Pavia, MIT in Marburg and MedAustron in Wiener
Neustadt. FAIR, which is being constructed in Darmstadt, aims to
explore the frontiers and propel biophysical and medical research
on cancer treatment and to participate in developing a new gener-
ation of less-costly medical accelerators, making hadron therapy
more accessible to the European population. Highlights of diversi-

PHYSICAL SCIENCES
& ENGINEERING

fied biophysical research at FAIR are the novel combined use of par-
ticle therapy with immunotherapy and radio-genomics for patient
selection and personalized medicine, which are an essential tool to
support new therapeutic solutions. Ultra-fast dose delivery meth-
ods will extend ion therapy to moving organs (such as the lungs)
and ultra-high dose rate (FLASH) irradiation. The latter as well as
mini-beam radiotherapy (MBRT) need extensive pre-clinical testing.
A further reinforcement of European collaboration in hadron thera-
py through the ENLIGHT network and other EU-funded projects will
be highly beneficial. Radiobiological risk assessments for manned
space mission is needed in order to assure good health conditions
in deep space. Recently and as a reaction to the COVID-19 outbreak
the computing facilities for large data processing and storage in
high energy physics have successfully been used in the domain
of H&F (e.g. vaccine development). Activities at CERN (HL-LHC)
include not only CPU & Data Storage for particle physics but also
open science/open source type platforms such as Zenodo. Syn-
ergies and closer collaboration with H&F Rls ECRIN ERIC and Eu-
ro-Biolmaging should be developed in the future. In domain,
nuclear and particle beams are used in material research in studies
of special membranes, nanotubes and radiation-hard electronics.
There are strong synergies and interactions of PSE RIs FAIR and
SPIRAL2 with infrastructures MYRRHA and IFMIF-DONES. IF-
MIF-DONES and SPIRAL2 are planning to use high neutron flux in
the energy range (1-20 MeV) for study of materials for fusion reac-
tors and element-sensitive radiography with fast neutrons. CERN
ISOLDE and MEDICIS, ILL, SPIRAL2 and the first phase of MYRRHA
facilities study innovative isotopes for cancer diagnostics and ther-
apy, such as alpha therapy and theragnostic.

See the PSE Table for an extended overview of the interconnec-
tions across domains established by those PSE Rls in Operation
Phase or in advanced Preparation Phase.

CTA
Cherenkov
Telescope Array

Open data resources and management for ground-based observatory for
gamma-ray astronomy and opportunities for remote operation
Metadata and gamma-ray data openly available, after proprietary period. On-line data analysis

tools for multi-messenger approach. Investigation of opportunities for remote operation.

ENV

N
ﬁ

Cherenkov Telescope Array for environmental studies
Environmental characterization of several CTA candidate sites. Opportunity
for detailed aerosol measurements in Chile and La Palma.

Cherenkov Telescope Array in social and cultural sciences

Global collaboration: example of World Observatory.

Social and cultural aspects of stimulating young people to choose career paths in
science and technology in compliance with innovative society challenge.

ELI ERIC
Extreme Light
Infrastructure

Open data resources and management for investigation of light-matter interactions
Metadata and data on extremely powerful laser sources, atto-second pulses,
nuclear spectroscopy and particle acceleration by the intense optical field.

High-intensity and short-time light pulses impact on the research of fusion technologies
Development of alternatives of fusion technologies by inertial
confinement, characterization of the plasma.

High-intensity and-short-time light pulses impact on the research of photovoltaic process
Ultrafast laser facilities with very fine time resolution to unravel
obstacles in the photo-generation cycle.

ENV

High-intensity and-short time light pulses impact on the future materials for low power electronics
Ultrafast laser and attosecond laser to study new materials for low power electronics.
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High-intensity and short-time light pulses impact on the study of plastic degradation and
household waste

Determination of plastic degradation products by laser spectroscopy.

Laser-based spectroscopic techniques for multimodal analysis

of household waste for better recycling.

Opportunity for better understanding and treatment of diseases
High-resolution imaging of biological structures occurring in cancer at
a macroscopic level to be addressed by novel laser sources.

Opportunity for better understanding and treatment of diseases
Enhanced tumour control and reduced side effects, in particular optimised proton
and heavy-ion therapy plants and innovative laser-driven particle sources.

Intense and coherent light sources with different time structure for social and cultural sciences
Spectroscopy, imaging: analysis of samples of the cultural and natural heritage.

ELT
Extremely Large
Telescope
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Open data resources and management for ground-based astronomy

and opportunities for remote operation

Metadata and astronomy data openly available, after proprietary period. On-line data analysis
tools for multi-messenger approach. Investigation of opportunities for remote operation

Opportunity for application of imaging technologies in health and food
Extremely Large Telescope at the forefront of research for image
processing with application potential in medicine and biology.

Estremely Large Telescope in social and cultural sciences

Global collaboration: example of World Laboratory.

Social and cultural aspects of stimulating young people to choose career paths in
science and technology in compliance with innovative society challenge.

EMFL
European Magnetic
Field Laboratory
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High magnetic field facilities in energy materials
Development and optimization of energy materials and components;
experiments on materials behaviour in extreme magnetic fields.

High magnetic field facilities in energy materials

High magnetic fields as key to understand and tailor the quantum nature
of the photovoltaic process. Probes of the fundamental properties

of next-generation materials for low power electronics.

High magnetic field facilities with impact to environmental sciences
Studies of morphological, structural, optical and photocatalytic properties, e.g. in
nanocomposite thin films in photocatalysts for new materials for sustainable processes.

High magnetic field facilities with impact to environmental sciences
Developing techniques such as magnetic-density separation with
potential for effective solutions for optimized recycling.

High magnetic field facilities in new and high precision imaging techniques for health and food
Development and optimization of new technologies for magnetic resonance
under extreme magnetic fields for medical imaging and diagnostic.

High magnetic field facilities in new and high precision imaging techniques for health and food
NMR high field-high frequency for protein crystallography and structural biology. Basic

research on high-energy magnetic fields to indicate potential of the use of magnetic

fields as external stimuli to be promising new venue for targeted in vivo drug delivery.

ESRF EBS
European Synchrotron
Radiation Facility
Extremely Brilliant
Source

Open data resources and management for synchrotron radiation facility
Large sets of metadata and data on physics, chemistry, material science, life sciences,
heritage science, palaeontology, nanotechnology, engineering; data analysis tools.

Synchrotron radiation facility in energy materials
Development and optimization of energy materials and components: analysis
of materials in extreme conditions and in operando conditions.

Synchrotron radiation facility in energy materials
Advanced material characterization for battery cells with X-rays. Help understanding the
underlying physical processes of low power electronics and to design working devices.

ESFRI ROADMAP 2021 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES
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Synchrotron radiation facility in spectroscopy and analysis of contaminant components
Reflectometry on the interactions on contaminants in the atmosphere and liquid systems.
Detailed determination of degradation of plastic products rays

including studies for optimization of recycling.

Synchrotron radiation facility in heath and food
Protein crystallography and spectroscopy; high resolution structural biology, X-ray imaging,
mammography, drug development, detailed imaging of biological tissues, high dose FLASH therapy.

Synchrotron radiation facility in social and cultural sciences
Materials structure, spectroscopy, imaging: analysis of
samples of the cultural and natural heritage.

European
Spallation
Source ERIC

European Spallation
Source

m
Zz
<

J

m
<

N

J

I
T

&

J

I
T

&

J

[74]

Cl

J

Open data resources and management for neutron science and technology
Large sets of metadata of physics, chemistry, material science, life sciences, heritage
science, palaeontology, nanotechnology, engineering; data analysis tools.

Spallation neutron source for energy materials

Development and optimization of energy materials and components: analysis of
materials in extreme conditions and in operando conditions such e.g. probing advanced
materials characterisation for future batteries and low power electronics.

High flux neutron beams facility in spectroscopy and analysis of contaminant components
Reflectometry on the interactions on contaminants in the atmosphere and liquid systems.
Neutron scattering as information on the early stages of ice cloud formation.

High flux neutron beams facility in spectroscopy and analysis of contaminant components
Investigation of properties of photocatalysts for cleaning at the atomic scale.

The neutron tomography with potential to bring new information in the field of

agronomy - water migration in soils, monitoring of root development, etc.

Spallation neutron source in heath and food
Protein crystallography and spectroscopy: high resolution structural biology, microscopy, spectroscopy.
Fundamental role in the development of nanoparticles for drugs.

Spallation neutron source in heath and food

Analytical imaging approaches of cancer tissues with high spatial resolutions.

Studies of foods to understand their behaviour and evolution (egg white, meat under cooking,
champagne bubbles, etc.).

Spallation neutron source in social and cultural sciences
Materials structure, spectroscopy, imaging: analysis of
samples of the cultural and natural heritage.

EST
European Solar
Telescope

ENV

Open data resources and management for large-aperture solar
telescope observations and opportunities for remote operation
Metadata and astronomy data openly available, after proprietary
period. Investigation of opportunities for remote operation.

Large-aperture solar telescope observations in energy
Sun observations for the understanding of auroras and other
reflections of magnetic phenomena on Earth.

Large-aperture solar telescope observations in energy

Dedicated studies of geomagnetic storms for risk management concerning overloading
of energy lines. Energetic particles and radiation released from the Sun and their relation
to risk of satellite damage and excessive radiation exposure of space crews.

Large-aperture solar telescope observations in energy
Energetic and magneto-hydrodynamic processes in the solar atmosphere as
complementary, natural space laboratory for nuclear fusion research.

LANDSCAPE ANALYSIS

Large-aperture solar telescope observations on environmental sciences

Opportunity for dedicated research activity aiming to understand the links between the solar output
and the Earth's climate. Study of solar influence on the Earth's climate in long term (e.g. Maunder
minimum and global cooling); possible link with studies on long-term ecosystem research.
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European XFEL DIGIT
European X-Ray Free
Electron Laser Facility
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Open data resources and management for X-ray Free Electron Laser radiation facility
Large sets of metadata and data on physics, chemistry, material science, life sciences,
heritage science, palaeontology, nanotechnology, engineering; data analysis tools.

X-ray Free Electron Laser facility in energy processes and materials
Development and Optimization of Energy Materials and Components: analysis of
materials in extreme conditions and in operando conditions, time resolved methods.

X-ray Free Electron Laser facility in environmental sciences
XFEL to study molecular mechanisms of catalysts reactions. Improving the
development of better and more environment-friendly catalysts.

X-ray Free Electron Laser facility in heath and food
Protein crystallography and spectroscopy: single-protein
X-ray diffraction, time resolved spectroscopy
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FAIR
Facility for Antiproton
and lon Research
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Big data management and high through computing analysis for exotic nuclear reactions
Large sets of metadata and data on nuclear physics, instable isotopes,
nuclear spectroscopy and particle acceleration; data analysis tools.

Big data management and high-through computing analysis for exotic nuclear reactions
Development of digital technologies for competitiveness and fit for the Green Deal in an
innovative energy-efficient and sustainable Data Centre. Uptake of Artificial Intelligence,
High Performance Computing (HPC), Cybersecurity as well as Advanced Digital Skills.

Nuclear physics in energy materials

Development and Optimization of Energy Materials and Components. Development of battery
components by ion-track technology (e.g. separators electrodes). Development of nanostructured
catalysts (by ion-track technology). Development of thermoelectric materials and of membranes.

Nuclear physics in environmental sciences

Detection of radiation for the environmental survey. Earthquake precursor
detection with nuclear techniques. Innovative energy-efficient and
sustainable Data Centre for the benefit of environment.

Nuclear physics in health and food

Participation in research programs for radiobiology and medicine dedicated to hadron therapy.
Development of a new method for the use of radioactive ion beams (beta+ emitters) in charged
particle therapy for simulations, treatment and visualization of solid tumours, including online
imaging.

Nuclear physics in health and food

Artificial Intelligence methods for treatment planning (4D).

Space research and radio-biological risk assessments for manned
space missions, to assure health in deep space.

HL-LHC
High-Luminosity
Large Hadron Collider
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Big data management and high through computing analysis for large hadron collider
GRID and cloud management of data analysis and storage.

Open science/open source type platforms such as Zenodo as recently

used for sharing of data regarding urgent research (COVID19).

Large hadron collider in energy projects
Sharing of technologies between HL-LHC and projects in energy.

Large hadron collider in health and food
Developing accelerators and radio-isotope for medical treatments.
Involvement in hadron therapy projects trough developing relevant technologies.

Large hadron collider in social and cultural sciences

Global collaboration: example of World Laboratory.

Social and cultural aspects of stimulating young people to choose career paths in
science and technology in compliance with innovative society challenge.
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Open data resources and management for neutron science and technology
Large sets of metadata of physics, chemistry, material science, life sciences, heritage
science, palaeontology, nanotechnology, engineering; data analysis tools.

Neutron science and technology in energy materials

Development and optimization of energy materials and components: analysis of
materials in extreme conditions and in operando conditions such e.g. probing advanced
materials characterisation for future batteries and low power electronics.

High flux neutron beams facility in spectroscopy and analysis of contaminant components
Reflectometry on the interactions on contaminants in the atmosphere and liquid systems.
Neutron scattering as information on the early stages of ice cloud formation.

High flux neutron beams facility in spectroscopy and analysis of contaminant components
Investigation of properties of photocatalysts for cleaning at the atomic scale.

The neutron tomography with potential to bring new information in the field of

agronomy - water migration in soils, monitoring of root development, etc.

Neutron science and technology in health and food

Protein crystallography and spectroscopy: high resolution structural biology, microscopy,
spectroscopy. Contribution to research of innovative isotopes for cancer diagnostics

and therapy. Fundamental role in the development of nanoparticles for drugs.

Neutron science and technology in health and food

Analytical imaging approaches of cancer tissues with high spatial resolutions.
Studies of foods to understand their behaviour and evolution (egg

white, meat under cooking, champagne bubbles, etc.).

Neutron science and technology in social and cultural sciences
Materials structure, spectroscopy, imaging: analysis of
samples of the cultural and natural heritage.

KM3NeT 2.0
KM3 Neutrino
Telescope 2.0
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Open data resources and management for under water observatory for neutrino

and high energy particle detection and opportunities for remote operation

Metadata and neutrino detection data openly available, after proprietary period. On-line data
analysis tools for multi-messenger approach. Investigation of opportunities for remote operation.

Neutrino telescope in environmental sciences

Deep-sea technology and science: measurement of water optical and
oceanographic properties, behaviour of bioluminescent organisms; measurement
of sea currents, and identification of acoustic noise sources.

SKAO
Square Kilometre
Array Observatory

D )i )

Big data management and high through computing analysis for radio-astronomy telescope
and opportunities for remote operation

Very large datasets, curation, storage and access. On-line data analysis tools for
multi-messenger approach. Investigation of opportunities for remote operation.

Square Kilometre Array Observatory for environmental sciences
Development of seismic application of LOFAR (SKA pathfinder), to continuously monitor the Earth's
subsurface with seismic-vibration sensors. Geodesic research and Space Weather applications.

Square Kilometre Array Observatory for health and food
Development of LOFAR_Argo pioneering measurements of the micro-
climate in potato crops using LOFAR antennas and mote sensors.

Square Kilometre Array Observatory in social and cultural sciences
Social and cultural aspects of stimulating young people to choose career paths in
science and technology in compliance with innovative society challenge.

SPIRAL2
Systeme de
Production d'lons
Radioactifs en Ligne
de 2e generation

H&F

Big data management and high through computing analysis for exotic nuclear reactions
Large sets of metadata and data on nuclear physics, instable isotopes,
nuclear spectroscopy and particle acceleration; data analysis tools.

LANDSCAPE ANALYSIS

Nuclear physics in energy materials Development and

Optimization of Energy Materials and Components

Complementarity to approaches to projects in energy studying nuclei far from stability
and research of fundamental interactions and symmetries with nuclear probes.

SPIRAL for health and food

Participation in the research programs in radio-biology and medicine

dedicated for optimization of hadron-therapy protocols.

Contribution to research of innovative isotopes for cancer diagnostics and therapy.
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Over the past years, it has become evident that for addressing cli-
mate change, environmental sustainability, energy transition, migra-
tion management, health promotion and disease prevention, data
about social behaviour and cultural practices (past and present) is
indispensable alongside with the recognition of the importance of
ethical, legal, and societal issues. Consequently, the cross-cutting
essence of SCl data is recognized more and more in order to ensure
the essential active support from society to successfully introduce
and deploy new technologies that are being developed to provide
solutions for some of the main challenges of our time.

The importance of social and cultural data as reflection, illustration
and contextualisation of global societal and cultural dynamics has
become obvious. However, whilst some data, e.g. from astronomy
and physics, but also certain medical data can be collected by large
tools and machines, social and cultural data - and for that matter
also health and ecological data - can typically only be collected
via more labour-intensive processes and require expert knowledge
from social sciences and humanities to analyse, link and enrich
them.

The value of linking data from different domains to social and cul-
tural data has been permeating in many domains of research. This
has resulted in intensifying interconnections and collaborations be-
tween the SCI Rls and the Rls in the . ENV, H&F and DIGIT and
has led to active participation of SSH in such (joint) infrastructure
projects as EOSC, ENRESSH, SSHOC, EURISE, as well as the RIs CE-
RIC ERIC, ICOS ERIC, EATRIS ERIC, ELIXIR, eLTER Rl and LifeWatch
ERIC. Furthermore, it has intensified the importance of the promo-
tion of metadata interoperability and management and linking of
open data resources, data archives and digital preservation, of cat-
alogues for software tools and services to provide trustworthy, sus-
tainable, and efficient preservation of data and metadata harvesting
from Service Providers and other sources. To that direction and in-
cluding all the above is the cooperation of CESSDA ERIC, CLARIN
ERIC and DARIAH ERIC with other domains.

In addition, SCI RIs produce new methods of intelligent information
mining and text and multimedia analyses that are useful for all sci-
ences and beyond, in industry and society. CESSDA ERIC, CLARIN
ERIC and DARIAH ERIC have established the EURISE” network on
software quality in which INSTRUCT ERIC might also join.

7.
EURISE Network
https.//eurise-network.github.io/
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Furthermore, CLARIN tools may be used by any discipline in all six
domains - DIGIT, . ENE, H&F, PSE and SCI - and also beyond
to analyse language text, e.g. identify keywords, classify the com-
munication style, detect misinformation, discover patterns of au-
thorship and allow innovative ways of analyzing massive amounts
of research results as available in text and speech to inspire new
solutions and new research questions.

The emergence of Big Data in social and cultural domains is ex-
pected to generate new means for observing political or cultural
reality and producing societal knowledge essential for making the
"project” Europe a success and to cope with ever increasing global-
isation and digitalization. ESS ERIC Round 10 includes a module on
Digital Social Contacts, looking at the impact the major changes in
communication digitalization is having both in work and family life.
CLARIN ERIC has produced tools to help analyse such data and e.g.
provided harmonized collections of open access to parliamentary
data in multiple languages to enable comparative studies of public
debate on certain topics. There is further epistemological potential
in merging survey data on political attitudes and big social data that
could provide new insights into the functioning of the democratic
system that has found itself under the surge of populism.

Health, economic and social status are vital for the societal sus-
tainability and they emerge from complex interactions over the en-
tire life course. Taken this under consideration, SHARE ERIC links
socio-economic data to bio-medical data (H&F). It includes data
such as grip strength, walking speed, peak flow, and blood-sam-
ples, as well as self-reported weight and height of the respondents,
and links these with data from genomics, blood analyses, biomark-
ers and other administrative records. SHARE also collects data on
cognitive abilities e.g. on the proficiency in, and the use of, digital
resources, from actual IT use at the workplace and at home to
eHealth and eCare. There is significant potential at the pan-Europe-
an level to link a range of biomedical, health and socio-economic
data resources between SHARE and ELIXIR.

Some other example of successful collaboration can be found be-
tween DARIAH ERIC and CERIC ERIC (PSE) with E-RIHS on provid-
ing game changer in heritage science.

Smart solutions and artificial intelligence in particular are in the
cross-section of the SCI domain and ,ENV, DIGIT and PSE. This
includes technologies behind carbon neutral cities, smart (digital)
buildings, smart cities, smart factories, sustainable transport and
traffic, sustainable construction, etc. All these areas generate large
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amounts of new types of social data such as spatial data, traffic
data, sensors data (photonics), and also consumerism and finan-
cial data. Interactions between SCI and these domains (PSE, DIGIT,
ENV) and linkage of their data could focus on examining the effects
of these technological solutions on human behaviour, attitudes
towards them, exploring and predicting social consequences and
ethical issues.

As mentioned earlier, Natural Language Processing and (Deep) Ma-
chine Learning are continually evolving fields, and humanities re-

SOCIAL & CULTURAL
INNOVATION

search that employs tools from these disciplines, including what is
also called Artificial Intelligence, presents new and interesting chal-
lenges. However, it is important that humanities and social sciences
also feed back into the DIGIT field, so that Artificial Intelligence is
developed in a balanced way taking human aspects into account.

See the SClI Table for an extended overview of the interconnections
across domains established by those SCI Rls in Operation Phase or
in advanced Preparation Phase.

CESSDAERIC
Consortium of
European Social

Science Data Archives

DIGIT

X

Open data tools and services for European social science data archives
Data catalogue for software tools and services to provide trustworthy, sustainable, and efficient
preservation of data; metadata harvesting from Service Providers and other sources.

European social science data archives for energy
Datasets providing detailed evidence about human behaviour
with respect to energy issues and policies.

ENV European social science data archives for environment
Datasets providing detailed evidence about a wide variety of environmental topics: attitude
'\\\ surveys towards environmental questions to energy and fuel, environment conservation,
land use, pollution, behaviour, ocean and climates. Geographical coverage.
CLARIN ERIC DIGIT Open data tools and services for common language resources

Common Language
Resources and
Technology
Infrastructure

ﬂ

H&F

J

Tools and services for the depositing, discovery, access and processing of open multiple language
resources from the humanities, social sciences and beyond - e.g. corpora, lexica, audio and video
recordings, annotations, grammars, etc. Language tools for development of Artificial Intelligence.

Common language resources and technology for energy
Datasets providing detailed evidence about human behaviour
with respect to energy issues and policies.

Common language resources and technology for health and food

Datasets providing detailed evidence about human behaviour with respect to health and
food issues and policies. Language tools for investigation of H&F texts. Datasets reflecting
language acquisition and attrition process and language and speech problems.

DARIAH ERIC
Digital Research
Infrastructure for the
Arts and Humanities
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Open data tools and services for digital arts and humanities
Integration of national digital arts and humanities initiatives. Platforms
for data sharing and digital publishing alongside technical systems for
persistent identification, authentication and long-term preservation.

Digital arts and humanities for energy transition
Data sets providing detailed evidence about cultural practices
with respect to energy issues and policies.

Digital arts and humanities for climate change
Historical data on cultural practices in e.g. building and expanding
cities, agricultural practices etc affecting climate change.

Digital arts and humanities for health and food
Datasets providing detailed evidence about and contextualisation of human
cultural practices with respect to health and food issues and policies.

E-RIHS

European Research
Infrastructure for
Heritage Science
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Open data tools and services for cultural heritage

Virtual access to data and tools for heritage research; searchable registries
of multidimensional images, analytical data and documentation from

large academic as well as research and heritage institutions.

Environmental sciences for cultural heritage
Measurement of key atmospheric parameters, air pollution impact on cultural heritage.

New technologies and approaches for cultural heritage

Analytical tools used directly in cultural heritage, better understanding of
artefacts and insights into preservation. Further development of analytical
tools for materials structure, spectroscopy and imaging.
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EHRI DIGIT Open data, tools and services for Holocaust research
European Tools and services for the integration, enhancement, discovery, access, analysis and
Holocaust Research ﬁ\ publication of dispersed archival data relating to the Holocaust. Virtual and physical access
Infrastructures to archival data and provision of open platforms for data sharing and publishing.
H&F Historical data on health and food
Datasets providing detailed evidence about health and food related issues
“\ and practices in conflict societies, particularly during World War II.
ESS ERIC DIGIT Open data tools and services for cross national survey data
European Social Modern digital technologies for efficient extraction and measurement of media context to
Survey -\\ perform event coding in a (semi-) automatic manner; software solutions to retrieve information
from the web. Big data analysis from social media is also another major development.
Cross national survey data for energy
Datasets providing detailed evidence about human behaviour
with respect to energy issues and policies.
ENV Cross national survey data for environmental sciences
Common studies on behaviour related to climate change and how it impacts on human
'\\\ well-being. Citizens' perception of environment and air/water/food pollution.
H&F Cross national survey data for health and food
Use of surveys in the healthy population in biomedical life course studies and
'\\\ ageing, and in complex disease studies, e.g. obesity and food demand and
consumption, or examining causes and effects of infection with SARS-CoV-2.
SHARE ERIC DIGIT Open data tools and services for social survey data
Survey of Health, Innovative software for electronic survey operations, including designing and translating
Ageing and '\\ questionnaires, administering them to respondents, monitoring fieldwork and creating databases.

Retirement in Europe

DIGIT
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Collecting data on cognition
Examining the interactions of bio-medical and socio-economic conditions over the life course,
affecting cognitive abilities that are closely linked to proficiency in, and the use of, digital resources.

Social survey data for environmental sciences
Survey studies on how climate change, pollution and extreme events impact on human life.

Social survey data for health and food

Connecting surveys to health and food data. Use of surveys in the healthy
population in biomedical life course studies and ageing, and in complex
disease studies, e.g. obesity and food demand and consumption.
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CONCLUDING REMARKS

This section clearly shows the importance that the Rls attach to the interconnections be-
tween all ESFRI domains. In spite of the diversity of the six domains and the variety of RIs in
the ESFRI portfolio, the research approach within the Rlis is definitely interdisciplinary and
complementary. All RIs have to a different extent interconnection with other Rls in different
scientific fields which is shown either through their research methodology, technological
approach, data linkage, or through the impact of their R&D within other domains. This posi-
tive achievement should be encouraged and evaluated. A continuous evaluation is indeed
necessary since the different Rls are in different phases of preparation, construction or ex-
ploitation and possibility of collaboration between Rls in the same domains, between Rls
of different domains or ESFRI Rls and international, European and national Rls will have
different nature and framework.

We also would like to notice the ENRIITC Consortium, which brings together presently 11
actors among which EMSO ERIC (ENV), EATRIS ERIC (H&F), ESRF and ESS ERIC (PSE), and
CLARIN ERIC (SCI). This consortium brings together actors from industry and Rls and can
have important socio-economic impacts. It is also a forum for RIs to exchange experience
and good practices.

Finally, it is worth stressing that concerning possible new collaboration between domains,
Artificial Intelligence is identified as an important domain that is shared between the do-
main of DIGIT and most other domains, and for which stronger collaboration should be
developed in the future.
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RELEVANCE & IMPACT

The Section 3 of the Landscape Analysis focuses on
the Research Infrastructure services and their broader
impacts, describing not what the landscape is, but
what it can do. As it is not feasible to demonstrate
comprehensively in such a document the broad range
of impact areas where Research Infrastructures make a
relevant contribution, this section has been developed
in the form of selected examples.

The following impact areas are addressed:

150  ESFRIESFRIRIs FOR SUSTAINABLE DEVELOPMENT GOALS
165  ESFRIRIs IN RESPONSE TO EMERGENCIES
158  ESFRIRIs FOR DIGITAL TRANSFORMATION
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ESFRI reflects in its White Paper that the European landscape of
Research Infrastructures addresses the overall objectives of the
new European Research Area (ERA) and is being constantly opti-
mised producing new science to tackle new societal challenges
and to contribute to the global Sustainable Development Goals
(SDGs). The SDGs have become the world's shared framework for
sustainable development and call for actions by all the actors of
the society, including science and research. A holistic framework for
action that reduces the complexity and encompasses the 17 SDGs
and their 169 Targets was suggested by the UN Sustainable De-
velopment Solutions Network in the paper Six transformations to
achieve the Sustainable Development Goals published in the jour-
nal Nature Sustainability in August 2019™.

These six SDG Transformations are suggested as modular build-
ing-blocks of SDG achievement: (1) education, gender and inequal-
ity; (2) health, well-being and demography; (3) energy decarboni-
sation and sustainable industry; (4) sustainable food, land, water
and oceans; (5) sustainable cities and communities; and (6) digital
revolution for sustainable development.

The impact of the ESFRI Research Infrastructures reaches all these
six transformations. ESFRI Research Infrastructures cover most sci-
entific fields, from Social Sciences & Humanities via Health & Food
and Environment to Energy and Physical Sciences & Engineering,
and thanks to synergies and interdisciplinary research, they gener-
ate knowledge and impact in all these fields including the interface
between different disciplines. This is why, by using synergistically
their capacities from all scientific fields, ESFRI Research Infrastruc-
tures have high potential to address complex phenomena like
grand societal and scientific challenges - e.g. climate change, pop-
ulation increase and differential ageing, food and energy sustain-
ability. Of the identified 17 SDGs, all of them are addressed by the

1
Six Transformations to achieve the Sustainable Development Goals. Sachs, J.D., Schmidt-
Traub, G., Mazzucato, M. et al. Nat Sustain 2, 805-814 (2019)
https.7www.nature.com/articles/s41893-019-0352-9?proof-t
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European Research Infrastructures, and are linked directly or indi-
rectly to the research conducted within them. Therefore, following
the Transformations approach described earlier, which identifies
synergies in the sustainable development pathways, this chapter
focuses on inter-relationships and multiple benefits which ESFRI
Research Infrastructures provide in achievement of strongly inter-
dependent SDGs. Keeping in mind that the SDGs can be addressed
in parallel in several transformations, only the most relevant SDGs
and contributions of Research Infrastructures will be highlighted
in this Chapter. It is also important to mention that the transversal
SDGs (16) Peace, Justice, and Strong Institutions and (17) Partner-
ships for the Goals, and the Research Infrastructures' input for their
achievements are considered in articulation with all the transfor-
mations and are applicable to all the Research Infrastructures in
all scientific fields. Therefore, in order to make the overview of the
contributions of the Research Infrastructures to the achievements
of the SDGs systematised and structured, the relevant SDGs will be
presented in this Chapter in the following way:

Transformation 1: education, gender and inequality
SDG (1) No Poverty, (4) Quality Education, (5) Gender Equality, (8)
Decent Work and Economic Growth, (10) Reducing Inequalities

Transformation 2: health, well-being and demography
SDGs (2) Zero Hunger, (3) Good Health and Well-being

Transformation 3: energy decarbonization and sustainable industry
SDGs (7) Affordable and Clean Energy

Transformation 4: sustainable food, land, water and oceans
SDGs (6) Clean Water and Sanitation, (13) Climate Action, (14) Life
Below Water, (15) Life On Land

Transformation 5: sustainable cities and communities
SDGs (11) Sustainable Cities and Communities, (12) Responsible
Consumption and Production

Transformation 6: digital revolution for sustainable development
SDGs (9) Industry, Innovation and Infrastructure

Transversal SDGs
(16) Peace, Justice, and Strong Institutions, (17) Partnerships for the
Goals




TRANSFORMATION 1
EDUCATION, GENDER
AND INEQUALITY

ESFRI Research Infrastructures from all the research fields are
strongly supporting the implementation of these SDGs and promote
through their organization education, gender equality, and lower in-
equalities thus contributing to economic growth and elimination of
extreme poverty. All ESFRI Research Infrastructures, along with run-
ning programs for training students and professional researchers,
propose multiple education programmes, very often focused on
school-age children, as well as teacher training programs at region-
al, national, and international levels. ESFRI Research Infrastructures
put in their recruitment strategies the objective of gender balance
and support all the initiatives which aim at reducing inequalities (e.g.
working with refugees and people with disabilities). The Social Sci-
ence domain has been selected here to illustrate remarkable contri-
butions to this group of SDGs within Transformation 1.

CLARIN ERIC contributes directly to SDGs (4), (5) and (8) with its
language resources which provide an easy-to-use infrastructure
with digital artefacts and contribute to increasing the number of
adults with relevant skills for decent jobs and digital literacy; online
availability of these artefacts contributes to equal access, including
people with disabilities. CLARIN datasets can be used to develop
and evaluate Machine Translation or Automatic Text Simplification
technologies, which can contribute to the promotion of secure
working environments for migrant workers, and to the promotion of
tourism, local culture and products.

The European Social Survey ERIC addresses all of these SDGs
(1), (4), (5), (8), (10) not only tapping them individually but allowing
cross domain and often across time analysis. ESS includes detailed
measurement of highest level of education assessed in relation to
a wide variety of other outcomes from health, well-being or eco-
nomic inequality. ESS allows gender analysis of all of its data and in
2023 will include its first dedicated module on the topic ‘Gender in
Contemporary Europe: Rethinking Equality and the Backlash' The
module will measure five dimensions: identity, sexism, experiences,
salience and policy instruments.
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TRANSFORMATION 2
HEALTH, WELL-BEING
AND DEMOGRAPHY

These SDGs can be achieved within Transformation 2 and key in-
vestments in health and well-being. The Research Infrastructures
in the field of biology and health are the most natural supporters of
this group of SDGs.

MIRRI can contribute to deliver the impacts of the SDG (3), most-
ly on tackling epidemics of major communicable diseases by
performing research on pathogenic microorganisms and human
infectious diseases. It also develops new (bio)pharmaceuticals/
therapeutic solutions, including antimicrobials, vaccines, phage
therapies and microbiome therapeutics. By collaborating on the
research and development of new, safe and healthy food products,
or on delivering resources and methods for biological management
of soils and crops, MIRRI can contribute to promoting sustainable
food production systems and access to safe, nutritious and suffi-
cient food.

EATRIS ERIC, which mission is to accelerate the translation of sci-
entific discoveries into patient benefit, contributes directly to the
SDG (3). EATRIS supports early stages of health and medicines
research where the risk of failure to reach the patient is particu-
larly high and where there is a crucial need for cross-sectoral and
multi-disciplinary collaboration.

Euro-Biolmaging ERIC is particularly well aligned with SDG (3), as
its users are especially engaged in research that aims to elucidate
mechanisms for cell regulation and survival, disease development
and aging mechanisms, as well as diagnostics, and therapeutic
intervention. Equally relevant is Euro-Biolmaging's contribution to
achieving SDG (2), as imaging of, for example, plant cells can pro-
vide important insight on nutritional composition, adaptation to
extreme conditions, or phenotypic changes driven by genetic en-
gineering.

ELIXIR contributes to SDG (2). Successful applications of bioinfor-
matics to food production are used in farming and agriculture - e.g.
crop and breeds development, pest and pathogen control - and
are key to ensuring security of food supplies globally, including fac-
ing climate and environmental change. Bioinformatics applications
are well recognised in the area of health, and range from disease di-
agnostic and prevention to epidemics preparedness and response,
personalised medicine, and the development of new drugs and
treatments.

INFRAFRONTIER contributes to Goal (3) particularly to the targets
related to fighting pandemics and epidemics and non-communi-
cable diseases, securing access to affordable medicines and vac-
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cines and reduce the effects of hazardous environmental agents
on health.

ESFRI Research Infrastructures from the domain of Environmental
Sciences and Physics are also significant contributors to this group
of SDGs.

ACTRIS brings elements that contribute to Goal (2). Capacity to
forecast weather and weather extremes assist farmers to their op-
erational decisions. In addition, tracking the deposition of specific
compounds present in the particulate phase or gas phase, which
have serious impacts on ecosystems' health, the quality of soils
and waters and, directly or indirectly, on agricultural production. For
ACTRIS better climate forecasting will be key to anticipate the key
risks that climate poses to public health in particular countries and
regions.

The technologies, know-how and scientific advances behind ac-
celerator-based high-energy physics have historically produced
numerous applications in medicine. The ultrafast and extremely
brilliant X-ray pulses generated in fast succession by the European
XFEL enable insight into the atomic structure of pathogenic virus-
es, bacteria, and their proteins in unprecedented detail. Structural
data of pathogens relevant for infectious diseases and noncom-
municable diseases such as cancer can inform the development
of effective vaccines and medication. Scientists can also use the
European XFEL to explore the dynamics of biological reactions,
gaining information into, for example, how drug molecules interact
with pathogens in order to develop strategies to circumvent antimi-
crobial resistance.

The development of new-generation superconducting magnets
and other technologies in the framework of the HL-LHC project of
CERN brings the potential of very relevant applications to imaging
and facility for cancer therapy.

Examples can also be given for the domain of Social Sciences &
Humanities.

DARIAH ERIC contributes to SDGs (2) and (3) providing an unprece-
dented data and methodological resource base for pursuing these
questions, significantly supplementing existing resources for incor-
porating cultural and historical perspectives into research.

SHARE ERIC is the largest pan-European social science panel
study providing internationally comparable longitudinal micro data
which allows insights in the fields of public health and socio-eco-
nomic living conditions of European individuals, both for scientists
and policy makers.

The European Social Survey ERIC also contributes to SDG (3) pro-
viding a comprehensive comparative pan-European dataset on the
social determinants of health and health inequalities including both
physical and mental health, combining rich data on living condi-
tions, with a variety of lifestyle factors and health outcomes.
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TRANSFORMATION 3
ENERGY DECARBONISATION
AND SUSTAINABLE INDUSTRY

This SDG can be achieved via Transformation 3 ensuring universal
access to modern energy sources, decarbonizing the energy sys-
tem and reducing industrial pollution. The most relevant contribu-
tors to the implementation of this SDG are the Research Infrastruc-
tures from energy research field. The Research Infrastructures from
the field of Social Sciences are important actors as well monitoring
the societal attitude towards this issue.

MYRRHA will contribute in several manners to the international nu-
clear landscape and beyond and to SDG (7) by offering a solution for
the elimination of nuclear waste by performing the transmutation
of its very long-lived nuclear isotopes into short-lived ones and by
providing a method for better utilisation of nuclear fuels.

is focused on Concentrated Solar Power / Solar Ther-
mal Electricity (CSP/STE). CSP/STE is a possible key future tech-
nology for the decarbonisation of the energy sector and the miti-
gation of the climate change through the reduction of greenhouse
gas emissions from fossil fuels currently used to generate electric-
ity. Each square metre of CSP mirror surface, for example, may be
enough to avoid 200 to 300 kilograms of CO2/year.

The European Social Survey ERIC module on climate change and
energy was designed to inform policy makers on the public com-
ponent of the transition to a low-carbon Europe by making a sys-
tematic and detailed comparison of attitudes to climate change,
energy security and energy preferences and to examine the relative
importance of individual-motivational versus national-contextual
variables in public energy preferences.



TRANSFORMATION 4
SUSTAINABLE FOOD, LAND,
WATER AND OCEANS

These SDGs are aimed by Transformation 4. They focus on integrat-
ed strategies on sustainable environment, land-use and oceans
healthy for people. The most relevant contributors to the imple-
mentation of these SDGs are the Research Infrastructures from the
research fields of environment.

IAGOS has provided continuous measurements of greenhouse
gases and short-lived climate forcers on the global scale over more
than 25 years. Being relevant to SDG (15), with respect to their refer-
ence to Air Quality issues, IAGOS provides essential information on
the composition of the atmosphere over different regions. IAGOS
data contribute to the improvement of air quality models allowing
monitoring and forecast, and assessment of mitigation scenarios.
IAGOS participates in projects on the impact of aviation on climate,
it can play an important role in helping aviation industry to develop
along a more environmentally sustainable path.

ACTRIS and ICOS ERIC are also a good example of a pan-European
Infrastructures particularly relevant to the SDG (13), where the com-
munity's challenge is to provide decision makers with the scientific
analyses they need to adapt to climate change impacts and build
climate resilience.

EURO-ARGO ERIC as part of Argo international network creates a
full-depth, fully global, multi-disciplinary ocean/climate observing
system to document the physical and biogeochemical ocean state
and its evolution, including global ocean warming, sea level rise,
acidification, deoxygenation, and the changing carbon cycle, sig-
nificantly contributing to SDG (13).

EMEBRC ERIC aims to answer fundamental questions regarding the
health of oceanic ecosystems in a changing environment, support
life-science breakthrough discoveries with the use of marine bio-
logical models, and continue long-term marine monitoring efforts.
EMBRC ERIC is a driver in the development of blue biotechnolo-
gies, supporting both fundamental and applied research activities
for sustainable solutions in the food, health, and environmental
sectors.
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TRANSFORMATION 5
SUSTAINABLE CITIES
AND COMMUNITIES

These SDGs are in particular in focus of Transformation 5 which
strives for economically productive, socially inclusive and environ-
mentally sustainable urban areas.

Helping planners to make cities more resilient to respond to heat-
waves and associated impact on air quality, ACTRIS supports poli-
cies for air quality improvements.

EPOS ERIC, the European Plate Observing System, addresses SDG
(11), contributing specifically to the indicator 11.b "By 2020, sub-
stantially increase the number of cities and human settlements
adopting and implementing integrated policies and plans towards
inclusion, resource efficiency, mitigation and adaptation to climate
change, resilience to disasters, and develop and implement, in line
with the Sendai Framework for Disaster Risk Reduction 2015-2030,
holistic disaster risk management at all levels".

DARIAH ERIC Working Group on Digital Practices for the Study of
Urban Heritage focuses on the study of digital methods and good
practices of heritage and urban change, impact of urban develop-
ment on cultural heritage as well as the identity of the city and the
role of civil society. It reflects on the resilience of smart systems
promoted today for user-personalization when interacting with city
infrastructures.
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TRANSFORMATION 6
DIGITAL REVOLUTION FOR
SUSTAINABLE DEVELOPMENT

This SDG is aimed by Transformation 6, which focuses mainly on
digital technologies and innovation. All the Research Infrastructures
provide inputs to the digital transformation and the innovation-driv-
en economy's growth, aligned with the European research and in-
novation strategy. A few examples from the domains of physics and
medical research are given below to illustrate it, whereas a separate
chapter which follows in this section treats particularly contribution
of Research Infrastructures to digital transformation.

The research carried out at the ILL covers the full innovation cycle
from fundamental research to technological application. The top-
ic of materials for innovative and sustainable industry is relevant
also for ESRF. The ESRF EBS is uniquely poised to support Europe-
an industrial leadership on the circular economy and carbon-free
life styles. Its unprecedented sensitivity and precision in advanced
characterisation provides the researchers and industry with multi-
scale insight from the atomic to the macro scale into materials and
products, as they are processed, as they age and are reused, fuel-
ling the virtuous innovation cycle of materials making, characteris-
ing and modelling.

The European Spallation Source ERIC is working with more than
40 European partner institutions and more than 130 collaborating
institutions worldwide under the in-kind model. With the in-kind
model, partners supply equipment, design documentation, per-
sonnel or other services to support the construction of ESS. The
model ensures that key technologies are cultivated and enhanced
in member states supporting national institutes and industry thus
fostering the European industry.

EATRIS ERIC has been leading the establishment of a global re-
purposing hub, whose aim it is to bring together global resources
to collaborate and support high potential projects with high unmet
medical need. EATRIS initiates and facilitates academia-industry
collaborations between SME, large pharma and EATRIS member
institutes. It supports the operations of Innovation Hubs, such as the
EATRIS-GSK Imaging Hub, an international multi-site collaboration
hub for the development of advanced imaging tools.
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TRANSVERSAL SDGs

Number (16) and (17) are the SDGs relevant to all Research Infra-
structures in all scientific fields. These SDGs seek to promote
peaceful and inclusive societies. These goals are in the heart of all
the Research Infrastructures which by nature are remarkable exam-
ples of pan-European cooperation, as highlighted in some of the
contributions below.

ELT at ESO, as one of the first intergovernmental scientific organi-
sations, created by a treaty between Member States, represents a
model for peaceful scientific cooperation between nations. CERN
is another international organisation which promotes scientific col-
laboration and the values of science across governments and other
stakeholders. In particular, the HL-LHC is being carried out as an
international project with participants from all over the world. Be-
sides, a project like HL-LHC requires strong partnership with indus-
try, with significant knowledge transfer from research to the private
sector.

EMSO ERIC is another excellent example of partnerships for the
goals. It strongly supports the participative and transformative prin-
ciple that underpins the UN Decade of Ocean Science for Sustain-
able Development.

A significant part of data integrated into CLARIN ERIC comes from
parliaments and other public institutions. By providing sustainable
access to such data in structured, annotated and unaltered form,
adapted for automatic processing (easily searchable and retriev-
able), CLARIN contributes to targets related to SDG (16).

This short insight into the inputs of the Research Infrastructures to
the agenda of the sustainable development reflects the crucial is-
sue that all the Sustainable Development Goals are relevant and
that most of the Research Infrastructures contribute to the devel-
opment of several SDGs at the same time and with a very high im-
pact. The ESFRI Research Infrastructures have demonstrated to be
important tools to achieve the transformations required to realize
the United Nations' Sustainable Development Goals for a better
and more sustainable future for all by 2030.
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ESFRI Rls IN RESPONSE
T0 EMERGENCIE

EXAMPLES FROM THE
COVID-19 CRISIS

ESFRI RIs demonstrated an enormous capacity to respond to the
emergency represented by COVID-19 pandemics, by rapidly revis-
ing/adapting their access programmes operations and delivering

P
S

their services, including ad hoc new services to support research
related to COVID-19.

Rls in the health domain were at the forefront and immediately act-
ed, being able to offer all the necessary services in the whole pipe-
line of vaccine and therapeutics development, for the research on
diagnostic tools and the analysis of the direct and indirect impact of
the crisis. To facilitate COVID-19 related research, fast-track access
calls were issued and publicized through the RIs websites, which
were continuously updated. The information was also promptly col-
lected on the Life Sciences Research Infrastructures (LS RIs) web-
site” providing the users community with a comprehensive set of
available services and resources. ESFRI also gathered information
on COVID-19 related activities on its website?.

Open Science data were at the base of success stories since the
current pandemic started - the genome of the SARS-CoV-2 virus
was sequenced much quicker than for previous similar pathogens
(such as MERS-CoV and Ebola) and deposited in the public domain.
This allowed other scientists to start studying the virus and track-
ing its spread. Likewise, research data on the COVID-19 disease has
been readily made available in the public domain, thereby helping
our clinical understanding of its effects, and informing the develop-
ment of treatments and tracking new variants of the virus through
genomic sequencing and coordinated data-sharing efforts. ELIXIR
has played a key role in mobilizing public data infrastructure to en-
able research data-sharing via the COVID-19 Data Portal*, a single
entry point that provides free and open access to viral sequence
data and other relevant data including proteins, imaging, expres-
sion data and literature relating to COVID-19 and SARS-CoV-2. The
establishment of the effort and connections across Europe to na-
tional-level initiatives has been supported through uplifts to the
Horizon 2020 ELIXIR-CONVERGE and EOSC-Life projects result-

2.
Life Sciences Research Infrastructures (LS Rls)
https.//lifescience-ri.eu/|s-ri-response-to-Covid-19.html
3.
Rls against COVID-19 pandemic
www.esfrieu/Covid-19

4.
COVID-19 Data Portal
https./www.Covidigdataportal.org/

ing in the development of a set of services that include databases,
analysis tools and workflows, resources to make COVID-19 data
‘FAIR" and significant computing resources. At the European poli-
cy level, both the ERA Versus Corona Action Plan®, and the HERA
Incubator® programme have placed the European COVID-19 Data
Platform at the centre of research data sharing efforts. The new
HERA Incubator programme will indeed support the expansion of
the COVID-19 Data Platform enabling Europe and scientists glob-
ally to respond better to other future pandemics and outbreaks of
infectious disease as and when they occur.

Imaging technologies provided by Euro-Biolmaging ERIC are
powerful tools to study any infectious disease agent that might
cause emergencies such as COVID-19 did. They are of key impor-
tance for studies on the structure and function of pathogens at
the cellular level, to understand virus infection, binding, intracel-
lular trafficking, replication, assembly, etc. They are also crucial in
revealing how viruses affect the host cell physiology and how the
virus-mediated disease condition may be targeted by drugs or oth-
er interventions. Imaging-related services are also needed in the
discovery and development of new vaccines and virus-targeted
drugs, e.g. imaging of immune cells to reveal binding of antibody
components to viruses or viral replication inside the host cell. In the
clinical field, PET-CT technologies allow imaging of the biodistri-
bution of vaccines after administration. Image data services built
on artificial intelligence and machine learning applications address
the complexity of virus-mediated disease analysis, especially when
combining advanced imaging data with cohort data and other large
biomolecular datasets.

Structural biology technologies provided by INSTRUCT ERIC are
central to the pharmaceutical field, in particular to determine the
3D structures of druggable proteins - and thus determine sites
where small molecules might bind - or to characterize viral protein
antigens or specific parts of them to unravel their interactions with
human antibodies. Indeed, these technologies properly integrated
produced the structural characterization of key proteins only weeks
after the SARS-CoV-2 sequence was released. INSTRUCT ERIC
X-ray, Cryo-EM and NMR centres have brought these technolo-
gies centre-stage in drug discovery and since then there is a strong
commitment to prioritizing COVID-19 researches. INSTRUCT ERIC
established also a Resource Centre with tools and information to
assist research relating to SARS-CoV-2 and COVID-19.

5.
ERA Versus Corona Action Plan
https://ec.europa.eu/info/sites/default/files/covid-firsteravscorona_actions.pdf

6.
HERA Incubator
https.//ec.europa.eu/info/news/eu-invest-eul50-million-research-counter-coronavirus-
variants-2021-feb-17_en
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INFRAFRONTIER rapidly evolved a broad portfolio of services to
evaluate the potential of new anti-COVID-19 compounds and thera-
peutics on suitable humanized models as well as BSL3 laboratories
for in vivo testing, through which the compounds can proceed to
clinical testing. INFRAFRONTIER has also launched a new service
call to provide researchers access to test their innovative and nov-
el COVID-19 therapeutics in a standardized infection pipeline that
uses preclinical models developed to study COVID-19 infection
and its pathophysiological consequences, including the complete
characterization of genes critically involved in the infection and the
effect of the new anti-viral compounds.

Drug repurposing activities and high-throughput screening as-
says services made available by EU-OPENSCREEN ERIC are key
to identify candidate molecules for COVID-19 therapeutics and,
to this end, a collection of about 2,500 bioactive molecules from
EU-OPENSCREEN was tested. All chemical and biological data are
made available in EU-OPENSCREEN open access European Chem-
ical Biology Database’ and the European COVID-19 Data Platform?.
The EU-OPENSCREEN ERIC collection of about 1,000 fragments
was used to identify novel binders to Nsp3, an essential component
of the replication complex of the virus. Data for 24 compounds from
the collection provided alternative starting points for the develop-
ment of anti-COVID-19 therapedutics.

EATRIS ERIC provided to COVID-19 vaccine developers the EAT-
RIS COVID-19 Research Forum, quickly made publicly available and
updated weekly, developed a self-test, which reached wide media
c:overage8 and is working to develop and introduce to the market a
nasal spray vaccine against COVID-19°.

ECRIN ERIC rapidly provided informatics services to harvest infor-
mation on any COVID-19 actions in the biomedical fields. Within the
EOSC-Life project, ECRIN developed a secure and GDPR-compli-
ant patient-level data pilot repository linked to the EU COVID-19
data portal, enabling COVID-19 trial data sharing, while participating
in the VACCELERATE project™® is contributing to the activities for
future pandemic preparedness (HERA Incubator).

Specific role in the infection threads plays ERINHA, a pan-Euro-
pean Research Infrastructure dedicated to the study of high-con-
sequence emerging and re-emerging pathogens. ERINHA offers
access to a large range of high containment in vitro and in vivo
capacities to facilitate a wide variety of studies on SARS-CoV-2/
COVID-19 and coordinates joint Rl European activities regarding the
service to vanquish COVID-19 pandemics.

7.
European Chemical Biology Database
https://ecbd.eu

8.
Gargling test: Czech Republic trials faster & cheaper way to check for coronavirus
https.7www.youtube.com/watch?v=-00n3sQPg2lg

9.

University of Eastern Finland researchers introduce a nasal COVID-19 vaccine - Science
Business, March 2021
https.//sciencebusiness.net/network-updates/university-eastern-finland-researchers-

introduce-nasal-Covid-19-vaccine

10.

Besides RIs in Life Sciences, also other RIs provided specific ser-
vices during the COVID-19 crisis.

According to UNESCO™, the ocean can be an ally against COVID-19.
Bacteria found in the deep sea are used to carry out rapid testing
to detect the presence of COVID-19. Species found in the ocean
offer an excellent promising future for pharmaceuticals. Years ago,
research from the Woods Hole Oceanographic Institute identified
microbes living in deep-sea hydrothermal vents harbour whose
enzymes can be used in diagnostic tests, like those to detect the
pandemics of AIDS and SARS. Their role has been revisited for
COVID-19; they have been used to carry out rapid tests to detect
the virus's presence. EMSO ERIC ecology and biodiversity services
include developing samplers with other ERICs - EMBRC ERIC, Life-
Watch ERIC - for DNA monitoring.

ACTRIS supported the authorities by securing the full documenta-
tion of atmospheric composition changes due to lockdowns in the
various parts of Europe. The main goals were: i) to provide reliable
estimates of effects of reduced emissions; ii) to open some atmo-
spheric simulation chambers for testing protection gears such as
face masks; iii) to support authorities by providing science-based
analysis of current knowledge and finally; iv) to illustrate the com-
plex interplay between emission restrictions and human behaviour,
and the necessity for structural changes to reach the WHO air qual-
ity standards in Europe.

FAIR at GSl efforts have been providing new insights and new tech-
nologies that may help to fight the SARS-CoV-2 virus: i) ion radiation
for vaccine development; ii) therapeutic effect of low-dose radiation
in SARS-CoV-2 induced pneumonia; iii) Improved and fast virus de-
tection with single nanopore membranes.

The biology laboratories of European XFEL joined DESY and its
partners in the screening effort to find novel binding partners to
inhibit two important SARS-CoV-2 proteins (main protease and pa-
pain-like protease) using drugs that are either already on the mar-
ket for other diseases or in late clinical trials. In parallel, EUXFEL
contributed to the international effort on COVID-19 research by
preparing and supporting a variety of Covid-related experiments,
utilizing liquid jet serial femtosecond X-ray crystallography (SFX)
to investigate new structures and time-resolved SFX of COVID-19
proteins.

The particular contrast provided by neutron techniques by ILL
helps scientists to determine how protein complexes function, as
well as the specificity of protein interactions with membranes. Fi-
nally, neutron spectroscopy provides insight into the dynamics of
the biological components, which may constitute the ultimate key
to understanding their functionality.

SKAO played an active role in the COVID-19 pandemic response,
with contributions spanning from managing the design and pro-
duction of respiratory ventilators and 3D printing of Personal Pro-
tective Equipment to the development of educational online tools

11

VACCELERATE project
https.7www.vaccelerate.eu
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to support home-schooling or contributing to a public information
campaign to combat misinformation, just to mention a few.

Feasibility studies in the ESRF Extremely Brilliant Source, the
world's first high-energy fourth-generation synchrotron, have al-
ready demonstrated it can resolve unprecedented detail revealing
the damage caused by COVID-19 on human lungs, linking from the
major airways all the way down to the finest micro-vasculature in an
intact lung. promises to develop a transformational X-ray tomog-
raphy technology that will enable the scanning of a whole human
body with resolution of 25 microns, thinner than a human hair - tens
of times the resolution of a CT scanner. Further, it can then zoom
into local areas with cellular-level imaging, or one micron - over
100x better resolution than a CT scanner.

has made computing time available at short notice through-
out Europe for projects in connection with COVID-19*2. Thirty differ-
ent projects ranging from molecular biology to epidemiology were
computed.

Also, RIs in the Social Sciences domain acted promptly to assess
the impact of the pandemic on the society at large. A special Coro-
na questionnaire included in the SHARE ERIC targeted telephone
interviews (Computer-Assisted-Telephone-Interview, CATI) from
June to August 2020, brought to release the Wave 8 COVID-19 data
in December 2020, available for researchers all over the world to
examine the health, social, economic and environmental situation
of European citizens and beyond against the background of the
pandemic. A further wave of telephone interviews of the SHARE
Corona survey has been conducted in 2021. This study is the ide-
al database to study the non-intended socio-economic and health
consequences of the epidemiological containment decisions and
the long-term effects of the COVID-19 pandemic.

In its 2020-2021 round, the European Social Survey ERIC added
a dedicated COVID-19 module to its longitudinal questionnaire in-
cluding a number of health indicators. Combined with its core ques-
tionnaire, the dataset will enable ample opportunities for pre-post
analyses of the wider social, economic and political consequences
of the SARS-CoV-2 pandemic, for examining the medium and long
term effects of the pandemic across countries and social groups,
and for comparing policy responses and their outcomes in terms of
social inequalities and social cohesion. At the same time the pan-
demic highlighted the fragility of relying on face to face fieldwork
for RlIs like the ESS. An alternative method has been developed to
ensure data collection in 2021 can proceed. The need for a perma-
nent panel infrastructure, reaching respondents by web and other
non in-person methods, was underlined.

In June 2020 DARIAH ERIC launched a call under its bi-annu-
al DARIAH Theme funding scheme entitled ‘Arts, Humanities and
COVID-19. Projects being submitted to this call are being asked to
explore how DARIAH ERIC will collect, curate, preserve and inter-
pret the heterogeneous record of the experience of life and work
in early 2020. DARIAH will also look for innovative projects explor-

12,
PRACE Versus COVID-19: Actions & Activities
https.//prace-ri.eu/hpc-access/hpcvsvirus/
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ing humanities contributions to understanding the virus and its im-
pacts, and what the study of culture, the arts, values, practices and
language can contribute to our response to this global challenge.

Through extending the collection of parliamentary datasets with
curated collections of recent parliamentary debates about the co-
rona dynamics, the European Research Infrastructure for language
resources CLARIN ERIC set the basis for comparative research into
how public bodies have responded to the crisis across countries.

The COVID-19 pandemic has demonstrated the capacity of the ES-
FRI RIs to respond to emergencies providing specific services to
support the science-led response to the COVID-19 outbreak and
also the capacity in many cases to rapidly react and return to oper-
ate even during the lockdown period. The Covid crisis has massive-
ly accelerated some pre-existing trends, in particular digitalization.
It has shaken the world, setting in motion a wide range of possible
trajectories.

Perhaps the most important lesson learnt is that the ESFRI RIs en-
sure that research across all topics and areas can continue even
during a big crisis. Not knowing where the next crisis may hit, the
ESFRI Rls are preparing their research programme along all fronts
including fundamental research trying to be ready to provide the
necessary services to society.
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The digital transformation of Europe's economies and societies is
accelerating. It is entering a next phase, where the technologies
are gradually blurring the limits between the physical, digital and
biological spheres and push the frontier of what computers are
capable to do. These new technologies, progressively coming to
maturity and impacting all sectors of our lives and of the economy,
build on the use of data, and often require the critical mass of data,
users and connected nodes to be viable.

ESFRI is an active actor of this European dynamics. As it was stated
already in the ESFRI Roadmap 2018 (page 117), the pan-European
e-Infrastructures for Networking, High-Performance Computing
and High-Throughput Computing are already well-established and
provide production services used by international research and Re-
search Infrastructures projects.

The fundamental principles of Open Science form the basis of the
European Open Science Cloud (EOSC) initiative which will offer re-
searchers a virtual environment with open and seamless services
for storage, management, analysis and re-use of research data,
across borders and scientific disciplines by federating existing data
infrastructures. EOSC will deploy a European Research Data Com-
mons where data are findable, accessible, interoperable and reus-
able (FAIR), and also as open as possible.
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CONTRIBUTION TO EOSC

All the ESFRI RIs are at the forefront of data science. As providers
of thematic quality data and services, which are FAIR compliant or
are working to reach this objective, they have been making signifi-
cant contributions to the cultural change towards open/FAIR data,
open science and innovation, which is a main underlying concept
for EOSC. On the other hand, RIs and their communities as key con-
sumers/users of EOSC data and services within and across scien-
tific domains, they are central for EOSC development, quality and
sustainability. The broader the federation of thematic Rls in EOSC
and the uptake of EOSC generic (horizontal) services, the better the
chances for EOSC to be sustained in the longer term. Research In-
frastructures are thus central in the research lifecycle and in all the
aspects of Open Science and FAIR data/services inside the Euro-
pean Research and Innovation Area.

These activities are supported at EU level within the EOSC cluster
projects which support also their participation and inputs to the de-
velopment of the European Open Science Cloud. There are five the-
matic cluster projects - ENVRI-FAIR, EOSC-Life, ESCAPE, PaNOSC,
SSHOC - who coordinate their actions towards EOSC and who are
core partners in the EOSC Future project. It will integrate the ser-
vices developed in the cluster projects to EOSC, making them fully
compatible and accessible to the entire EOSC eco-system. The five
science clusters bring together 72 world-class Research Infrastruc-
tures from the ESFRI Roadmap and beyond. The coordinators of the
science cluster projects meet regularly to discuss joint activities,
exchange views on technology choices and debate how the out-
puts from the projects can be best sustained once the projects end.
The current dynamic between the science clusters may lead to a
long-term collaboration for cross-disciplinary open science.

It is therefore a great opportunity and in the benefit of all stake-
holders, including ESFRI Rls, thematic clusters and EOSC to make
the most out of this venture. The experience gathered by ESFRI,
ESFRI RIs and the ESFRI Clusters should be utilized to the maxi-
mum extent in the EOSC implementation, especially in this current
second phase, fully reflecting the engagement and responsibility
of Rls in and for Open Science. EOSC highlights the potential of the
Rls with their data, software and services and their broader potential
impacts. The Rls participation in the development of the EOSC are
therefore a particularly vivid example to the digital transformation in
the research and innovation field.




OPEN SCIENCE

Most of the RIs on the ESFRI Roadmap are
at the forefront of Open Science movement
and make important contributions to the
digital transformation by transforming the
whole research process according to the
Open Science paradigm. The Research In-
frastructures guarantee the quality of data
and enable the exploration and use of data
and codes produced by their users which
can be the source of a new approach to
the research questions, or at least lead to
a reduction in research times and costs.
There exist although differences in the con-
crete implementation of Open Science by
Research Infrastructures. These differenc-
es are specific to each scientific field. The
methods of producing research data are
very different depending on the field of re-
search and may have developed before the
concept of Open Science was adopted.

Astronomy has a long history of open shar-
ing of data and scientific findings, allowing
a cumulative development of knowledge
about our Cosmos and supporting the
achievement of the conditions for trans-
parency and international cooperation in
science. In the modern era, astronomy is at
the forefront of digitalisation for Open Sci-
ence. ESO was early leader in this regard,
establishing an open-access ESO Science
Archive and setting up cooperative partner-
ships with other Research Infrastructures to
ensure interoperability.

CTA is working to build an EOSC for as-
tronomy, Astroparticle & Particle Physics
and its application for science projects,
including also a science analysis platform
where the science community can access
and combine data and analysis software
from multiple ESFRIs and stage it for in-
novate analysis workflows, e.g. to perform
multi-messenger analysis and push the
digital transformation. Open science, and
specifically the ability to find, access, in-
ter-operate, re-use both SKAO data and
software, is at the heart of SKAO's software
development culture and practices. The
scientific return of a project at the scale of
SKAO will only be maximised if the data
products can be accessed by future us-
ers, to answer as yet unforeseen questions.

All the RIs from the environmental research
field have a long tradition in providing open
access to data. In particular, ACTRIS, IAGOS,
ICOS ERIC and EURO-ARGO ERIC contrib-
ute with their data products to Copernicus,
the European Union's Earth observation
programme, which provides open data and
services to benefit all European citizens.

EPOS ERIC provides: (a) a portal (Integrat-
ed Core Services-Central hub, ICS-C) inte-
grating FAIRLy digital assets from ~250 asset
suppliers; (b) an appropriate governance,
legal and financial framework tackling long-
term sustainability to secure the assets and
the ICS-C; (c) a suitable approach for shar-
ing best practices among data providers,
domain-specific geoscience organizations
and EPOS ERIC. In EPOS assets repre-
sent data, scientific products, services and
software for solid Earth science. The EPOS
federated approach is aimed at engaging
national and international Research Infra-
structures to share data, making them ac-
cessible and usable.

In the health domain ECRIN ERIC has de-
veloped tools and services to optimise data
management in clinical research. ECRIN
developed a data centre certification pro-
gramme based on about 100 criteria and
3-days site audits to ensure compliance
with GCP, FDA and EU regulations. About
15 centres are currently certified in Europe,
and the certification programme is now go-
ing global, with certified centres in Asia (two
in Japan, one in Korea).

In the Social Sciences the principle of open
science especially in relation to data access
has been strong for many decades. The
European Social Survey ERIC for example
makes all of its data freely available without
privileged access for non-commercial use
around the world and has over 160,000 reg-
istered data users.

LANDSCAPE ANALYSIS

BIG DATA VOLUME

Research Infrastructures constitute a cen-
tral actor for the production or processing
of research data because the majority of
them produce, manipulate, process and/
or exchange data. The massive growth in
demand for computing resources in re-
cent years calls for a coherent and ambi-
tious strategy at the levels of infrastructure
capacity (networks, computing and pro-
cessing, storage and archiving capacities),
associated services, and more generally a
rethinking of the place of research data.

User experiments at the European XFEL
generate vast amounts of data in a very
short period of time. The maximum burst
data rate per scientific instrument that must
be captured is currently 8 TB/s and trans-
lates, when operating scientific instruments
in parallel, to a sustained data rate of over
40 GB/s. For a typical user experiment
running over 6 days, this can lead to user
datasets in excess of 1 PB. Together with the
scientific user community, European XFEL
is developing computational methods to
efficiently analyse the data, both in real time
and on the subsequently recorded data to
derive meaningful scientific results.

The HL-LHC project presents unprecedent-
ed challenges in terms of data processing
and storage. CERN operates a number of
FAIR data related services that represent
major contributions to EOSC, including ac-
cess to petabytes of LHC experiments' data
together with associated training material
and software via the CERN Open Data Por-
tal*® according to a published open data
policy™.

An important activity is currently being
kicked off in ESRF for developing data com-
pression algorithms. This is of high interest
to all photon sources because all of them
are confronted with a steady increase of the
data produced by fast high-resolution de-
tectors.

In the health scientific domain, over the last

13.
CERN Open Data Portal
http://opendata.cern.ch/

14.
CERN Open Data Policy for the LHC Experiments
http.//opendata.cern.ch/docs/cern-open-data-policy-for-
Lhc-experiments
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decades, advances in technologies such as genome sequencing and mass spectrometry
have resulted in ever larger volumes of valuable research data being generated. The com-
putational biology enabled through this has transformed our understanding of life at all lev-
els and forms. ELIXIR is a distributed, virtual infrastructure where users access online the
many hundreds of digital services that are run by ELIXIR Nodes. These include databases,
software tools, computing services, interoperability resources and standards, and training
in how to use those.

Moreover, new methods in bioimage informatics, including machine-learning approaches
and artificial intelligence, are developing at breath-taking speed, opening new and exciting
possibilities to fully exploit FAIR image data for life scientists and beyond. Currently, bio-
medical and life science researchers produce large-scale image data and, therefore, have
acute needs for advanced image data analysis and imaging bioinformatics. However, these
researchers are often equipped with limited computational resources and basic informat-
ics skills. Consequently, they are not yet enabled to implement and use complex analysis
workflows or to make their image data FAIR.

Euro-Biolmaging ERIC is working to change this. Through Euro-Biolmaging, users already
can archive their image data and have access to community-accessible tools for image
analysis and processing that can be used via the cloud (as part of EOSC-Life). Euro-Bio-
Imaging aims to fuel the new discipline of imaging bioinformatics and to integrate data
research across different scientific domains to address larger questions and key societal
challenges, e.g. health and ageing, climate change, and food security.

Rls in the Environmental domain produce vast amounts of data with on average a good lev-
el of Fairness. However, to study complex phenomena as the Earth System or the Climate
System there is a need to increase High-Performance computing resources.

In data-intensive industries access to very large volumes of high-quality data is of primary
importance. The most important tech companies are not based in Europe, consequently
their activities aimed at acquiring huge amounts of data do not always meet European
standards, especially when it comes to privacy and data protection. CLARIN ERIC offers
a more sustainable alternative, emphasising the quality of data (which are accompanied
with metadata and annotations) over the quantity. CLARIN data and tools can be used to
develop, train and evaluate many language-related data-intensive technologies, such as
Machine Translation, Automatic Text Simplification or Automatic Text Summarisation, Au-
tomatic Text Generation, Knowledge Extraction or Machine Learning. The multilingual and
multimodal character of the data and resources available through CLARIN promotes a cul-
ture of global citizenship and appreciation of cultural diversity, which is also another contri-
bution to shaping digital transformation in alignment with Europe’s values.

ESFRI ROADMAP 2021 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES

DIGITAL INNOVATION

The European Strategy of shaping Europe's
digital future can strongly be supported
by large-scale Ris that have already prov-
en to be an excellent environment for cre-
ating digital innovations. The associated
cutting-edge research is always driven by
novel technological opportunities, includ-
ing digital technologies. Big Data, Data
Processing and Analysis, Data access, High
Data Rates, Modern Computing technolo-
gies are nowadays extremely important to
face many global challenges (climate, en-
vironment, health, including the COVID-19).
These are indeed common RI tools which
are constantly evolving towards innovations
on the grounds of RIs. A great example of
very recent innovations in the field of digi-
tal technologies for competitiveness and fit
for the Green Deal is a direct spin-off of the
FAIR project, an innovative energy-efficient
and sustainable data center called Green
IT Cube which is currently one of the most
efficient scientific computing centers in the
world, using an innovative patented water
cooling system of the racks and making it
thus a great example of the digital sector's
policy to minimize carbon emission.

As a major analytical research facility, the
ILL relies heavily on IT infrastructure to con-
vert its experimental output into scientific
knowledge. In this context, digital transfor-
mation holds the promise of major disrup-
tive innovation. Machine learning can be
applied to the recognition of patterns within
the experimental data, making it possible
to optimise the measurement strategy and
fine-tune instrument parameters during
operation and development. The ESRF has
started an ambitious programme to work
on machine learning methods. Machine
learning is of importance for reducing noise
in the data, automatically detect patterns
which otherwise would go unnoticed, and
for optimizing experimental conditions al-
lowing to shorten the time required for the
data acquisition process.

ACTRIS provides access to users to Virtu-
al Research Environment to conduct spe-
cific experiments, simulations, and online
data processing. LifeWatch ERIC seeks to
understand the complex interactions be-
tween species and the environment, taking
advantage of High-Performance, Grid and
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Big Data computing systems, and the development of advanced
modelling tools to implement management measures aimed at
preserving life on Earth.

ELIXIR activities are at the heart of the digital transformation of life
science research. ELIXIR connects, coordinates and integrates bio-
informatics resources across Europe, building a coherent life sci-
ence infrastructure for the digital age and supporting everything
from expert bioinformaticians to life science generalists and users
from academia to industry.

Digital transformation is also a cornerstone of personalised medi-
cine. In this context EATRIS ERIC and ECRIN ERIC are developing
methodological standards which include the generation, through
stratification cohorts, of multi-omic data with subsequent ma-
chine-learning stratification to identify homogeneous patient clus-
ters, then clinical trials will test treatment options driven by this
complex profiling.

DARIAH ERIC mission is to empower research communities with
digital methods to create, connect and share knowledge about cul-
ture and society. Its distributed structure is optimally constructed to
support digital transformation across its network.

In its 2021 round, the European Social Survey ERIC is including a
special module on ‘digital social contacts at work and in family life'
The module will include items on opportunities for access to digital
communication (e.g. Internet access at home), the need for them
(e.g. lower co-residence) and trust in digital social contact (e.g. pri-
vacy concerns), as complements to questions on workplace culture
and available country information (e.g. on work related state poli-
cies). These are likely to shape individual agency to establish digital
social contact in a way that it facilitates work-life balance and en-
courages relationship quality or well-being. The ESS is also building
infrastructure for an on-line panel of the future with the hope to link
a representative sample in a digitally designed Research Infrastruc-
ture of the future.
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PROJECTS & LANDMARKS

ESFRI Research Infrastructures are facilities, resources or services of a unique
nature, identified by European research communities to conduct and to support
top-level research activities in their domains. ESFRI selects proposals of Rls in
strategic areas of research and with an adequate level of maturity to become ESFRI
Projects, and identifies successfully implemented Rls to become ESFRI Landmarks.

Each ESFRI Project and ESFRI Landmark is described by a dedicated card.

ESFRI The ESFRI Projects are RIs in their Preparation Phase, which have been selected for the

excellence of their scientific case and for their maturity, according to a sound expectation that
the Project will enter the Implementation Phase within the ten-year term. They are included in
the Roadmap to point out the strategic importance they represent for the European Research
Area, and to support their timely implementation as new Rls or major updates of existing Rls. The

PAGE 67 Projects can be at different stages of their development towards implementation according to their respective date
of inclusion in the Roadmap.

ESFRI The ESFRI Landmarks are Ris that were implemented, or reached an advanced
Implementation Phase under the Roadmap, and that represent major elements
of competitiveness of the ERA. The Landmarks can be already delivering science
services and granting user access, or can be in advanced stage of construction with a
clear schedule for the start of the Operation Phase. The Landmarks need continuous

PAGE support and advice for successful completion, operation and - if necessary - upgrade to achieve optimal
management and maximum return on investment.

A short description of each ESFRI Project and ESFRI Landmark is given as well as updated information about the legal status, the timeline
for the preparation/implementation/operation, the estimated costs and the interconnections with other domains when analysed -
Projects and Landmarks in Operation Phase or in advanced Preparation Phase.

These data were updated by Projects and Landmarks according to the definitions described in the ESFRI Roadmap 2021 Guide® and the
methodology implemented in the ESFRI Monitoring System (MoS)?. The information about the Political Support - expressed by Govern-
ments of Member States and Associated Countries - was validated by the ESFRI Delegations through the MoS.

1 2.
ESFRI Public Roadmap 2021 Guide, September 2019 ESFRI Monitoring System (MoS)
https./www.esfrieu/sites/default/files/ESFRI_Roadmap2021_Public_Guide.pdf https.//mos.esfrieu/mos/
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- xS0
POLITICAL SUPPORT TO ESFRIPROJECTS

LEAD COUNTRY/ENTITY: MS, AC or EIROforum member leading the Preparation Phase.

PROSPECTIVE MEMBER COUNTRY/ENTITY: MS, AC and third country, which submitted
Expressions of political Support (EoS) signed by the national ministries responsible for the RI,
or other entity - such as EIROforum member - whose mandated authorities have expressed
interest to join the RI through a Council resolution.

POLITICAL SUPPORT TO ESFRILANDMARKS

LEAD COUNTRY/ENTITY: MS, AC or EIROforum member leading the Implementation/
Operation Phases.

MEMBER COUNTRY/ENTITY: MS, AC, third country or other entity — such as EIROforum
member - which is Member of the legal entity by any formal agreement, or applied to ERIC
Step2 or to other international legal form.

OBSERVER: MS, AC, third country and other entity — such as EIROforum member - which is
Observer of any legal entity by any formal agreement, or applied to ERIC Step2 or to other
international legal form.

PROSPECTIVE MEMBER COUNTRY/ENTITY: MS, AC and third country, which have submitted
Expressions of political Support (EoS) signed by the national ministries responsible for the RI,
or other entity - such as EIROforum member - whose mandated authorities have expressed
interest to join the RI through a Council resolution.

MS, AC and third country, neither being the Lead country, Member Country nor Prospective Member country, but which hosts
research institutions and international organisations formally involved in the consortium, are not listed.

A complete list of stakeholder organizations — Research Institutes, Academia, Research Performing Organizations, territorial

authorities - is to be found on the own website of the Rls, as institutional participation may not engage the direct responsibility
of the Government.
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EBRAINS

European Brain ReseArch INfrastructureS

Website
www.ebrains.eu

Headquarters
EBRAINS AISBL
Brussels, Belgium

The European Brain ReseArch INfrastructureS (EBRAINS) is a
distributed Digital Infrastructure at the interface of neuroscience,
computing and technology. It is a ‘one-stop-shop' offering
scientists and technology developers the most advanced tools
and services for brain research, including FAIR data services,
next-generation brain atlasing, simulation platforms and Al-based
analysis of big data. EBRAINS catalyses new findings in science,
and innovative brain-inspired technologies and computing to
help reach a deeper understanding of the human brain. Beyond
neuroscience, it will empower a broad spectrum of biomedicine
and other research, including work on Covid-19. It should also
enable forward-looking, digital applications for industrial and
medical use, for the benefit of patients and society.

2006

Total investment
3238 M€

Design
471M€

Preparation
89.7 M€

Implementation
486 M€

Operation
19.8 M€/ year

— INTERCONNECTIONS

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2008 2010 2012 2014 2016 2018

Legal status
AISBL, 2019

Type
distributed

Entered in the ESFRI Roadmap in 2021, EBRAINS is a major
outcome of the Human Brain Project EU FET Flagship and will
provide the coordination nucleus of the post-FET structure. It is
powered by the Federated Exascale Network for data Integration
and eXchange (Fenix) Infrastructure as a Service (laaS), itself a
blueprint for other research communities. Since 2019, EBRAINS is
an International non-profit Association under Belgian law (AISBL),
whose members currently represent seven European countries.
EBRAINS AISBL acts as a Central Hub for Rl and support services
spread across the participating Member States that will shortly
form the National Nodes of EBRAINS with the aim to integrate
‘best-in-class’ resources, creating synergy and building upon
national scientific developments and efforts.

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038

Prq"ect

POLITICAL SUPPORT

EBRAINS

FR’

BG, CH", DK, EL, ES’, IT",
NL, NO°, SE

‘AISBL member

) ¢
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SLICES

Scientific Large-scale Infrastructure for Computing/Communication Experimental Studies

Website
www.slices-ri.eu

Headquarters
INRIA
Le Chesnay, France

The Scientific Large-scale Infrastructure for Computing/
Communication Experimental Studies (SLICES) is a distributed
flexible Digital Infrastructure designed to support large-scale,
experimental research focused on networking protocols, radio
technologies, services, data collection, parallel and distributed
computing and in particular cloud and edge-based computing
architectures and services. SLICES will make a fundamental
contribution to research and innovation in Digital Sciences

and Infrastructures, future Internet technologies, future smart
networks and services. This encompasses the full range of
network, computing, and storage functions required for ‘'on-
demand' services across many verticals, and addresses new
complex research challenges, supporting disruptive science in loT,
networks and distributed systems.

2006 2008 2010 2012 2014 2016

Total investment
1377 M€

Design
46 M€

Preparation
151 M€

Implementation
1170 M€

Operation
6.5 M€/ year

— INTERCONNECTIONS

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2018

Legal status
pending

Type
distributed

Entered in the ESFRI Roadmap in 2021, SLICES is the outcome of
previous experience in the design, deployment, and operation
of several test platforms, such as PlanetLab Europe or the FIRE
test-beds, since 2005. SLICES is built on EU-funded projects:
SLICES-DS to provide a complete design study, a Europe-wide
test-platform designed to support large-scale, experimental
research on Digital Infrastructures; and SLICES-SC to foster the
community of researchers around the Rl ecosystem, create and
strengthen necessary links with relevant industrial stakeholders for
the exploitation of the RI, advance existing methods for research
reproducibility and experiment repeatability. Currently, SLICES
consortium gathers partners from 15 European countries, all of
them having committed to contribute resources and 11 providing
political support.

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038

Prq"ect

POLITICAL SUPPORT

ESFRI ROADMAP 2021 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES
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SoBigData+*+

European Integrated Infrastructure for Social Mining and Big Data Analytics

Website Headquarters
www.sobigdata.eu ISTI-CNR
Pisa, Italy

The European Integrated Infrastructure for Social Mining and

Big Data Analytics (SoBigData++) is a distributed and multi-
disciplinary Research Infrastructure for big social data analytics
that, coupled with the consolidation of a cross-disciplinary
European research community, is aiming at using social mining
and big data to understand the complexity of our contemporary,
globally-interconnected society. SoBigData++ offers a distributed
platform of interoperable social data mining tools, methodologies
and services for obtaining, analyzing, and visualizing massive
datasets. The SoBigData++ Rl will render social mining experiments
more efficiently designed and repeatable by leveraging concrete
tools that include ethics, values and norms for privacy, fairness,
transparency, and pluralism.

DESCRIPTION

TIMELINE & ESTIMATED COSTS

Legal status
pending

Type
distributed

Entered in the ESFRI Roadmap in 2021, SoBigData++ brings
together 31 partners representing key European centres for Data
Science and Artificial Intelligence. The Consortium combines
research areas related to big data analytics, computational social
science, digital humanities, city planners, artificial intelligence, and
covers competences on ethics, economic analysis, environmental
sustainability and energy saving. SoBigData++ works in synergy
with different EU-funded projects, networks of excellence and
ESFRI RIs, including HumanE-Al-Net, TAILOR, Al4EU, WeVerify,
Pericles, NoBias and CLARIN ERIC. Currently in the Preparation
Phase, SoBigData++ will define the legal aspects for establishing
the European Research Infrastructure Consortium (ERIC) and
extend the partnership to other countries.

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
Total investment pr‘éeld
1305 M€ :
Design
70 M€ :
Preparation _
10.0 M€
Implementation
120 M€
Operation
5.0 M€/year
— INTERCONNECTIONS POLITICAL SUPPORT
T
BG, CH, EE

SoBigData++
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Website Headquarters
www.ifmifdones.org CIEMAT
Madrid, Spain

The International Fusion Materials Irradiation Facility - Demo
Oriented NEutron Source (IFMIF-DONES) is a single-sited
Research Infrastructure for testing, validation and qualification of
the materials to be used in a fusion reactor. It is based on a unique
neutron source with energy spectrum and flux tuned to those
expected for the first wall containing future fusion reactors. The
IFMIF-DONES will be a major step towards IFMIF as it will develop
a unique high-current high-duty cycle accelerator technology,
liquid metal target technology and advanced control systems.
The facility will also offer unique experimental opportunities in
other scientific and technology areas including nuclear physics,
astrophysics, medical and industrial applications.

Total investment
884.0 M€

Design
150.0 M€

Preparation
840 M€

Implementation
650.0 M€

Operation
56.0 M€/ year

ESFRI ROADMAP 2021 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES

Project

Legal status
pending

Type
single-sited

EUROfusion and Fusion for Energy (F4E) started in 2015 a

process to develop the engineering design of DONES and to
identify possible EU sites to host the facility. In December 2017,
F4E positively evaluated the joint Spain-Croatia proposal to site
DONES in Granada. As the IFMIF-DONES entered the Roadmap in
2018, it was eligible for the Preparatory Phase - presently going
on to the end of 2021 - and, simultaneously, have started the
Implementation Phase with the initial steps for the construction of
the civil engineering infrastructure. Intense international activity
is sought in order to benefit from the final results of the Broader
Approach Agreement and to establish the broadest international
collaboration in the design and construction of the DONES.

ES, HR

EUROfusion, Fusion for
Energy


https://ifmifdones.org/

Website
WwWw.marinerg-i.eu

Headquarters
University College
Cork, Ireland

The Marine Renewable Energy Research Infrastructure
(MARINERG-i) is a distributed Research Infrastructure composed
of a network of test facilities with the critical mass of expertise and
world-class equipment to support the design and advancement
of the Offshore Renewable Energy (ORE) systems. This involves
interdisciplinary research in hydrodynamics, aerodynamics and
fluid-structure interaction, material science, electro-technical
engineering, ICT, naval architecture, sensors, oceanography,
environmental and social sciences, business management,
economics and legal sciences. It will accelerate the research
development of wave, tidal, offshore wind and combined energy
technologies to maintain Europe a global leader in constantly
evolving industry.

Total investment
89 M€

Design
18 M€

Preparation
32M€

Implementation
39ME€

Operation
0.9 M€/ year

ESFRI PROJECTS M s

Legal status
pending

Type
distributed

MARINERG-i builds on the existing community developed in the
FP7 MaRINET and H2020 MaRINET2 projects and it is the major
outcome of the first application to ESFRI Roadmap 2016. Even
though unsuccessful, MARINERG-i was considered an emerging
project and deserving a H2020 funding for ESFRI Early Phase
projects. The project provided the nucleus to coordinate the
consortium of 14 partners spread in 12 countries to undertake
the effort to successfully submit a new proposal to the ESFRI
Roadmap 2021 with the development of the main components
of the RI, the identification of the most appropriate legal and
governance structure, the identification and implementation of
the actions necessary at the national level to secure the Member
States commitment.

Project

ESFRI PROJECTS

IE

BE. DK, ES, NL, PT, UK
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DANUBIUS-RI

International Centre for Advanced Studies on River-Sea Systems

Website
www.danubius-ri.eu

Headquarters
DANUBIUS-RI
Murighiol, Romania

The International Centre for Advanced Studies on River-Sea
Systems (DANUBIUS-RI) is a distributed Research Infrastructure
to enable excellent interdisciplinary research and innovation on
River-Sea Systems (RSS). Building on existing expertise spanning
the environmental, social and economic sciences, it aims to
provide an integrated Research Infrastructure for remote and in
situ observation systems, experimental facilities, laboratories,
modelling tools and resources for knowledge exchange along
freshwater-seawater continua throughout Europe, from river
source to coastal sea. DANUBIUS-RI will provide solutions to
societal risks and challenges arising from global and climate
change, and extreme events, offering a source to sea perspective
to resolve the problems of adverse human impacts.

:RMO6 : RMO8 : RM10

Total investment
2025 M€

Design
20M€

Preparation
42 M€

Implementation
1982 M€

Operation
23.9 M€/ year

— INTERCONNECTIONS

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2006 2008 2010 2012 2014 2016 2018

Legal status
ERIC Stepl

Type
distributed

The DANUBIUS project dates back in early 1990s when the
Romanian Government with the support of the National Institute
for Marine Geology and Geoecology (GeoEcoMar) and the National
Institute Research & Development for Biological Sciences (INSB)
had proposed the creation of an International Centre for advanced
studies on the Danube River-Danube Delta-Black Sea System.
Over the years, the necessity of studying not just the Danube Delta
ecosystem, but an integrated River-Sea System became clearer.

In the ESFRI Roadmap since 2016, DANUBIUS-RI has recently
submitted the Step1 application for the European Research
Infrastructure Consortium (ERIC). Currently in the Implementation
Phase, DANUBIUS-RI is setting new services with the introduction
of individual components in a number of partners countries.

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
: RM16 : RM18

: RM21

POLITICAL SUPPORT

DANUBIUS-RI

ESFRI ROADMAP 2021 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES
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https://www.danubius-ri.eu/

DISSCo

Distributed System of Scientific Collections

Website
www.dissco.eu

Headquarters

Leiden, The Netherlands

The Distributed System of Scientific Collections (DiSSCo) is

a distributed word-class Research Infrastructure to integrate
European Natural Science Collections (NSCs) for data-intensive
research and innovation in environment, food security, health, and
bioeconomy. The DiSSCo Rl aims to digitally unifies all European
natural science assets under common access, curation, policies
and practices that ensure that all the data is easily Findable,
Accessible, Interoperable and Reusable (FAIR principles). By
mobilising, harmonising and providing Natural Science Collections
data, DiSSCo fills a significant gap in the value chain of European
Rls because it provides a fundamental basis of knowledge at the
scale and precision required to enable research for tackling grand
societal challenges.

2006 2008 2010 2012 2014 2016

:RMO6 : RMO8 : RM10

Total investment
4203 M€

Design
107 M€

Preparation
202 M€

Implementation
694 M€

Operation
121 M€/year

— INTERCONNECTIONS

Naturalis Biodiversity Center

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2018
: RM16 : RM18

Legal status
pending

Type
distributed

DiSSCo represents the outcome of significant scientific and
technical investments, started in 2004, to design a virtual
organization for European Natural Collections. In the ESFRI
Roadmap since 2018, DiSSCo develops an integrated approach
to provide unified access and analysis services, building on the
super-advanced CETAF network and on multiple previous access
programmes. In its Implementation Phase since 2020, DiSSCo
has engaged with strong scientific, managerial and technical
leaders at national levels to unify 115 leading Natural Science
Collection facilities in 21 countries. Each of the DiSSCo national
nodes identifies complementary thematic priorities, relevant to the
delivery of the DiSSCo service portfolio, and ensuring alignment
with national Strategies for Smart Specialisation.

2020 2022 2026 2028 2030 2032 2034 2036 2038

: RM21

2024

POLITICAL SUPPORT

NL
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eLTERRI

Integrated European Long-Term Ecosystem, critical zone and socio-ecological
system Research Infrastructure

Website
www.elter-rieu

Headquarters
UFZ
Leipzig, Germany

The Integrated European Long-Term Ecosystem, critical zone
and socio-ecological system Research Infrastructure (eLTER RI)
is a distributed RI to facilitate high impact research and catalyse
new insights about the compounded impacts of climate change,
biodiversity loss, soil degradation, pollution, and unsustainable
resource use on a range of European socio-ecological systems.
eLTER Rl aspires to develop the scientific capacity to improve
the understanding of terrestrial, freshwater, and transitional
water ecosystems. Combined with socio-ecological approach

to studying integrated human-nature systems and commitment
to integrating stakeholder knowledge, it provides a solid
foundation to inform policy-maker systems to find evidence-
based sustainable solutions for addressing current and emerging
challenges.

:RMO6 : RMO8 : RM10

Total investment
150.0 M€

Design
6.4 M€

Preparation
40 M€

Implementation
950 M€

Operation
50.0 M€/year

— INTERCONNECTIONS

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2006 2008 2010 2012 2014 2016 2018
: RM16 : RM18

Legal status
pending

Type
distributed

eLTER has evolved via several flagship networks and projects

- eg. ALTER-Net, EnvEurope, ExpeER and eLTER H2020. Cited

as emerging project in 2016, it was successfully selected and
included in the ESFRI Roadmap 2018. eLTER is currently in the
Preparation Phase on the way to become a fully-fledged RI

that will comprise National Research Infrastructures (NRIs), and
European level Central Services (CS), such as data access, training
and harmonized methods and parameters. Countries supporting
eLTER RI will provide facilities in the form of eLTER Sites (focal
points for long-term ecosystem observation and research) and

el TSER Platforms (large areas facilitating socioecological research
and exemplary stakeholder engagement). These national building
blocks shape the in situ backbone of eLTER RI.

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
: RM21

POLITICAL SUPPORT

ESFRI ROADMAP 2021 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES
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EIRENE RI

Research Infrastructure for EnvIRonmental Exposure assessmeNt in Europe

Website
pending

Headquarters
Masaryk University
Brno, Czech Republic

The Research Infrastructure for EnviIRonmental Exposure
assessmeNt in Europe (EIRENE RI) pioneers the first European
Research Infrastructure on environmental determinants of human
health, the Human Exposome. EIRENE Rl intends to support
large-scale research for the interdisciplinary assessment of
environmental determinants of health, including indoor and
outdoor environment factors, lifestyle, socioeconomics, and the
individual's ability to cope with various stressors such as infection
or disease. EIRENE RI will provide harmonised workflows and
integrated services for data and sample collection, as well as
knowledge and tools that will be made accessible to academic
researchers, private companies, public authorities and citizens
through the EIRENE open-access system and the EIRENE
knowledge hub.

:RMO6 : RMO8 : RM10

Total investment
2020 M€

Design

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2006 2008 2010 2012 2014 2016 2018
: RM16 : RM18

Legal status
pending

Type
distributed

The concept of a pan-European Infrastructure supporting research
on the effects of long-term exposures to various types of stressors
on population health and the roles these exposures play in the
development of chronic diseases is based on ten-year experience
of Czech national RECETOX RI. Entered in the ESFRI Roadmap
2021, EIRENE RI already connects 50 research institutions from 17
countries. It builds on the legacy of the European environmental
monitoring networks and their databases (EMEP, GMP, GMOS),
GEO Initiatives (GOS4POP and GOS4M) and related H2020
projects (ERA PLANET, e-SHAPE), EU biomonitoring initiatives
(DEMOCOPHES, HBM4EU), UNEP/WHO global biomonitoring
efforts, EU exposome (HELIX, EXPOSOMICS, HEALS and EHEN
cluster) and other related projects (HERA, EURION cluster).

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
: RM21

Proj]ect

1085 M€

Preparation
1440 M€

Implementation
8439 M€

Operation
42.2 M€/ year

— INTERCONNECTIONS

POLITICAL SUPPORT

CcZ

AT, BE, DE, EL, ES, IS, IT,
o, NL, SK

PAG
177

ESFRI PROJECTS



%‘g HEALTH & FOOD P ESFRI PROJECTS

EMPHASIS

European Infrastructure for Multi-scale Plant Phenomics and Simulation

Website Headquarters
www.emphasis.plant- Forschungszentrum
phenotyping.eu Julich

Julich, Germany

The European Infrastructure for Multi-scale Plant Phenomics and
Simulation (EMPHASIS) is a distributed Research Infrastructure
with the aim to develop and provide access to facilities and
services addressing multi-scale plant phenotyping in different
agro-climatic scenarios. It will establish an integrated European
phenotyping infrastructure to analyse genotype performance
under diverse environmental conditions and quantify the diversity
of traits contributing to performance in diverse environmental
conditions - plant architecture, major physiological functions and
output, yield components and quality. EMPHASIS addresses the
technological and organizational limits of European phenotyping,
for a full exploitation of genetic and genomic resources available
for crop improvement in changing climate.

:RMO6 : RMO8 : RM10

Total investment Project

160.0 M€

Design
not available

Preparation
40 M€

Implementation
73.0 M€

Operation
3.6 M€/ year

— INTERCONNECTIONS

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2006 2008 2010 2012 2014 2016 2018
: RM16 : RM18

Legal status
pending

Type
distributed

Entered the ESFRI Roadmap in 2016, EMPHASIS establishes a
sustainable and innovative RI for plant phenotyping by linking

and developing national initiatives, amongst which are: national
platforms with (semi)-controlled conditions for high-resolution
phenotyping and high-throughput phenomics, experimental fields
with control of rainfall and CO2 highly-equipped with phenotyping
devices, a coordinated network of field experiments in distributed
sites with lighter but efficient phenotyping close to practical
breeding set-ups, and modelling platforms to test existing

and virtual combinations of alleles in different climates and
management practices. Currently, political support to EMPHASIS
has been expressed by 12 countries and there is an increasing
investment in plant phenotyping across Europe.

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
: RM21

POLITICAL SUPPORT

ESFRI ROADMAP 2021 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES
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EU-IBISBA

European Industrial Biotechnology Innovation and Synthetic Biology Accelerator

Website
www.ibisba.eu

Headquarters
INRAE
Toulouse, France

The European Industrial Biotechnology Innovation and Synthetic
Biology Accelerator (EU-IBISBA) is a distributed RI that provides
translational Research & Development & Innovation services to an
international community of industrial biotechnology stakeholders,
including academia, SMEs and industry. EU-IBISBA contributes to
the growth of biotechnology, providing academics and industry
with a unique opportunity to access services and expertise
necessary to move early-stage research results towards higher
maturity and innovation. It delivers services at the exit point of
basic and early stage applied research, and provides support for
concept proofing, prototyping, upscaling and piloting, to bridge
the innovation gap that separates academic research from
industrial demonstration and premarket development.

2006

:RMO6 : RMO8 : RM10

Total investment
526 M€

Design
30ME

Preparation
10.0 M€

Implementation
110 M€

Operation
65.1 M€/ year

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2008 2010 2012 2014 2016 2018
: RM16 : RM18

Project :

Legal status
pending

Type
distributed

The IBISBA concept emerged as early as 2013 and a significant
milestone in his history is the launch of IBISBA 1.0, a starting
community project that has provided the means to perform
foundational work and develop a subsidized transnational access
program for biotechnology. Entered the ESFRI Roadmap 2018,
EU-IBISBA is in the Preparation Phase to develop and operate a
one-stop portal for its services. The scientific and technological
capabilities of IBISBA are developed within the framework of
Member Country investments and local management. Most of the
facilities contributing to IBISBA are identified as parts of nationally
based Research Infrastructure. Currently, IBISBA gathers research
facilities owned by universities and Research & Technology
Organisations from seven European countries.

2020 2022 2024 2036 2038

{ RM21

2026 2028 2030 2032 2034

— INTERCONNECTIONS

EU-IBISBA

POLITICAL SUPPORT
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;
METROFOOD-RI

Infrastructure for promoting Metrology in Food and Nutrition

Website Headquarters Legal status Type
www.metrofood.eu ENEA pending distributed
Rome, ltaly

DESCRIPTION

The Infrastructure for promoting Metrology in Food and Nutrition
(METROFOOD-RI) is a distributed Research Infrastructure to
provide high-quality metrology services, knowledge and tools

in food and nutrition. It comprises an important cross-section of
highly interdisciplinary and interconnected fields throughout the
food value chain, including agri-food, sustainable development,
food safety, quality, traceability and authenticity, environmental
safety and human health. METROFOOD-RI consists of a physical
infrastructure (P-RI) and an electronic infrastructure (e-Rl) to
coordinate and integrate existing networks of plants, laboratories,
experimental fields/farms for crop production/animal breeding,
small-scale plants for food processing and storage, kitchen-labs
for food preparation.

:RMO6 : RMO8 : RM10

Total investment
1024 M€

Design
46 M€

Preparation
483 M€

Implementation
788 M€

Operation
310 M€/ year

— INTERCONNECTIONS

TIMELINE & ESTIMATED COSTS

2006 2008 2010 2012 2014 2016 2018
: RM16 : RM18

Project :

METROFOOD-RI was cited as an emerging project in the ESFRI
Roadmap 2016 and completed its Early Phase in 2017. Entered
the ESFRI Roadmap 2018, METROFOOD-RI is currently in the
Preparation Phase with a consortium partnership composed of
research operators - Research Institutes, Universities, National
Metrology Institutes, Institutes for Food Safety and Health
Protection - located in 18 European Countries. Their common
ambition is to create an array of services that will enhance the
operation of each partner's research facilities, offering access

to top-class laboratories, plants and experimental facilities,
promoting standardisation and harmonisation on measurements
related to the agri-food field, and sharing, integrating and making
interoperable knowledge and data on food.

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
: RM21

POLITICAL SUPPORT

ETROFOOD R
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EST

European Solar Telescope

Website
wWww.est-east.eu

Headquarters
IAC
Canary Islands, Spain

The European Solar Telescope (EST) is a 4-metre class telescope
dedicated to study the fundamental processes in the Sun that
control the solar atmosphere and its activity. EST will be optimised
for high-resolution multi-wavelength simultaneous multi-
instrument observations of the photosphere and chromosphere,
as well as magnetic structures therein. One aim is to address

the still unresolved and complex question concerning the
emergence of magnetic fields at the solar surface and transfer
of magnetic and kinetic energy from subsurface layers to the
solar atmosphere. Understanding the interaction of plasmas with
magnetic fields will also have many technological implications,
for example in fusion nuclear reactors. Space missions are also
tributary of data from ground solar telescopes.

2006

: RMO6 RMO8 : RM10

Total investment
200.0 M€

Design
6.0M€

Preparation
150 M€

Implementation
1850 M€

Operation
12.0 M€/ year

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2008 2010 2012 2014 2016 2018

& ENGINEERING 181
Legal status Type
pending single-sited

Entered in the ESFRI Roadmap 2016, EST is the result of the
effort of the solar physics community organised through EAST
and under SOLARNET, GREST, PRE-EST and SOLARNET H2020
projects. Currently in Preparation Phase, EST will be built in the
Canary Islands, a first-class site for astronomical observations,
where the current aging telescopes are already situated.
Operation of the telescope will progressively implement queue
mode observing, which is standard for night-time telescopes,
allows optimisation of the observations, and does not require
on-site presence of the beneficiary. The design of all subsystems
prior to construction will be accomplished by the end of 2022. In
parallel, contacts are taking place for consolidation of national
contributions to the budget and the creation of an ERIC.

2020 2022 2024 2026 2028
: RM16 : RM18

2030 2032 2034 2036 2038
: RM21

ESFRI PROJECTS
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Einstein Telescope

Website Headquarters Legal status Type
www.et-gw.eu EGO pending single-sited
Pisa, ltaly

DESCRIPTION

The Einstein Telescope (ET) will be the European Third-Generation ~ Entered in the ESFRI Roadmap 2021, ET builds on the success

Gravitational Wave (3G GW) Observatory, a multi-detector, multi- of current, second-generation laser-interferometric detectors
interferometer designed to observe the whole Universe. Thanks Advanced Virgo and Advanced LIGO. The idea of 3G GW

to the unprecedented sensitivity of ET, Europe will take the observatory was conceived in 2004 with the Design Phase in

lead in the newborn multi-messenger astronomy by combining 2008, Part of the enabling technologies of ET was developed in
information delivered by ET with optical, IR, UV, gamma, cosmic collaboration with the Japanese project KAGRA and currently

ray and neutrino telescopes observations. ET, being a unique tool through the Interreg ETpathfinder and E-TEST projects and the

to investigate the spacetime fabric of the Universe, willimpact on SarGrav facility. The Preparation Phase towards Implementation
our fundamental physics knowledge, and our understanding of will consist in a number of steps including the formalization of the
the fundamental interactions governing the evolution of black- ET collaboration, the selection of the hosting site, the acquisition

holes and neutron stars. The technologies needed for ET will affect  of the land, the establishment of a legal entity, the organisation
industrial sectors, like lasers, sensors, optics, seismic isolation,and  of the governance, the delivering of operative TDR and the
materials. optimization of the site. Start of operations are expected in 2035.

TIMELINE & ESTIMATED COSTS

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
:RMO6 : RMO8 : RM10 : RM16 : RM18 : RM21

Total investment roject

1920M€ | i ®
Design
50 M€

Preparation
1710 M€

Implementation
1736.0 M€

Operation
37.0 M€/ year

— INTERCONNECTIONS POLITICAL SUPPORT

T
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p s
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EuPRAXIA

European Plasma Research Accelerator with Excellence in Applications

Website
WWWw.eupraxia-project.eu

Headquarters
INFN-LNF
Frascati, Italy

The European Plasma Research Accelerator with Excellence in
Applications (EuUPRAXIA) is a distributed, compact and innovative
accelerator facility based on plasma technology. By using plasma
wakefields gradients as high as some tens of billions of electron
volts per meter - as much as 1,000 times more - EUPRAXIA

will be a transformative step in the development of ultra-
compact accelerators that could be used for a wide range of
fundamental and applied research applications. It is the important
intermediate step between proof-of-principle experiments and
ground-breaking, ultra-compact accelerators for photon science,
structural biology, particle physics detector development,
materials science, medical imaging, radiation therapy, protons
sources for hadron therapy and industrial applications.

2006

:RMO6 : RMO8 : RM10

Total investment
569.0 M€

Design
30ME

Preparation
2110 M€

Implementation
3520 M€

Operation
30.0 M€/ year

— INTERCONNECTIONS

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2008 2010 2012 2014 2016 2018
: RM16 : RM18

Legal status
pending

Type
distributed

EuPRAXIA is the outcome of a consortium of 16 laboratories

and universities from five European countries to prepare the
Conceptual Design Report for the worldwide first high energy
plasma-based accelerator. As of December 2020, the consortium
has grown to 40 members and 11 observers. The scientific
communities bring expertise from accelerator science and high-
energy physics, design and construction of leading accelerators
like the LHC, advanced acceleration test facilities like SPARC

and frontier laser projects like CLF, CILEX-APOLLON and ELI.

The construction of an electron-driven plasma accelerator in the
metropolitan area of Rome is expected to be ready for operation
in 2028. The site of the laser-driven plasma accelerator has several
options in Europe aiming to start operation by 2032.

2020 2022 2024 2026 2028
: RM21

2030 2032 2034 2036 2038
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KM3NeT 2.0

KM3 Neutrino Telescope 2.0

184 & ENGINEERING
Website Headquarters
www.km3net.org Science Park
Amsterdam,

The Netherlands

The KM3 Neutrino Telescope 2.0 (KM3NeT 2.0) is a three-sites
Research Infrastructure housing the next generation neutrino
telescopes. Once completed, the telescopes will have detector
volumes between megaton and several cubic kilometres of clear
sea water. Located in the deepest seas of the Mediterranean,
KM3NeT 2.0 will open a new window on our Universe, but also
contribute to the research of the properties of the elusive neutrino
particles. With the ARCA telescope, KM3NeT 2.0 scientists will
search for neutrinos from distant astrophysical sources such as
supernovae, gamma-ray bursters or colliding stars. The ORCA
telescope is the instrument for KM3NeT 2.0 scientists studying
neutrino properties exploiting neutrinos generated in the Earth's
atmosphere.

:RMO6 : RMO8 : RM10

Total investment
196.0 M€

Design
not available

Preparation

450 M€
Implementation
1510 M€
Operation
3.0M €/year

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2006 2008 2010 2012 2014 2016 2018

Legal status
pending

Type
distributed

Three suitable deep-sea sites are identified, namely going from
west to east, KM3NeT-Fr, off-shore Toulon (France), KM3NeT-

It, off-shore Portopalo di Capo Passero (Italy) and KM3NeT-Cr,
off-shore Pylos (Greece). Data are continuously streamed via the
public internet to the data repository and computing centres in
Lyon, Bologna and in South-Italy. The administrative headquarters
of the KM3NeT Research Infrastructure are located in Amsterdam,
The Netherlands. The first phase of construction of the KM3NeT
Research Infrastructure has begun in 2015 at the KM3NeT-It and
KM3NeT-Fr site. Currently, the full configuration of KM3NeT 2.0 is
partially funded. The final phase of construction of the KM3NeT
Research Infrastructure will also include the KM3NeT-Gr site.

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
: RM16 : RM18

: RM21

— INTERCONNECTIONS
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E-RIHS

European Research Infrastructure for Heritage Science

Website
www.e-rihs.eu

Headquarters
INO-CNR
Florence, Italy

The European Research Infrastructure for Heritage Science
(E-RIHS) is a distributed Research Infrastructure to support
research on heritage interpretation, preservation, documentation
and management. E-RIHS will deliver integrated access to
expertise, data and technologies through a standardized
approach, and integrate world-leading European facilities into an
organisation with a clear identity and a strong cohesive role within
the global heritage science community. Through interdisciplinary
access to the four platforms - E-RIHS ARCHLAB, E-RIHS DIGILAB,
E-RIHS FIXLAB, E-RIHS MOLAB - E-RIHS supports a wide variety
of research, from smaller object-focussed case studies to large-
scale and longer-term collaborative projects, and stimulates
innovation in instrumentation, portable technologies and data
science.

2006

:RMO6 : RMO8 : RM10

Total investment
54.0 M€

Design
250 M€

Preparation
40 M€

Implementation
200 M€

Operation
5.0 M€/year

— INTERCONNECTIONS

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2008 2010 2012 2014 2016 2018

: RM16 : RM18

INNOVATION
Legal status Type
pending distributed

The long-term tradition of this field of research, the ability to
combine science with innovation, and the support provided

by EU-funded projects and integrating activities such as EU-
ARTECH, CHARISMA, IPERION CH and IPERION HS in conservation
science, and ARIADNE in archaeology, represent the background
of E-RIHS.. Entered in the ESFRI Roadmap 2016, E-RIHS will

offer access to a wide range of fixed and mobile instruments in
national facilities of recognized excellence, physically accessible
collections/archives and virtually accessible heritage repositories
for standardized data storage, analysis and interpretation. Further
developments are planned for extending the partnership and
including more facilities outside Europe, gradually reaching the
status of a Global Research Infrastructure.

2020 2022 2024 2026 2028
: RM21

2030 2032 2034 2036 2038

POLITICAL SUPPORT
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EHRI

European Holocaust Research Infrastructure

186 INNOVATION
Website Headquarters
www.ehri-project.eu NIOD
Amsterdam,

The Netherlands

The European Holocaust Research Infrastructure (EHRD is a
pan-European distributed Research Infrastructure with the aim to
support transnational Holocaust research, commemoration and
education. EHRI provides access to information about dispersed
sources, and develops tools and methods that enable researchers
and archivists to collaboratively work to overcome one of the
hallmark challenges of Holocaust research - the wide dispersal
of sources across Europe and beyond, and the concomitant
fragmentation of Holocaust historiography. Providing access

- remotely by the EHRI Portal and physically by the access to

the world's twenty leading Holocaust archives - is vital for the
innovation of Holocaust research and for the training of the next
generation of Holocaust researchers and archivists.

2006

:RMO6 : RMOS8 : RM10

Total investment
150 M€

Design

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2008 2010 2012 2014 2016 2018
: RM16 : RM18

Legal status
pending

Type
distributed

EHRI is the outcome of the consortium that has been working

on integrating Holocaust-related sources and research
documentation since 2010. EHRI has been supported by three EU-
funded integrating projects relying on the participation of twenty-
five partners - research institutions, libraries, archives, museums
and memorial sites - which form the core working group, as well
as on the support of many individuals and organisations in the
broad fields of Holocaust studies and digital humanities. EHRI

is currently running its Preparation Phase to undertake all the
necessary legal, financial and strategic planning to prepare the
long-term EHRI RI. Following the Preparatory Phase, EHRI foresees
a relatively short transition phase of two years with full operation
expected to start in 2025.

2020 2022 2024 2026 2028
: RM21

2030 2032 2034 2036 2038

150 M€

Preparation
40 M€

Implementation
0.8 M€

Operation
2.0 ME€/year

— INTERCONNECTIONS
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GGP

The Generations and Gender Programme

Website Headquarters
WWW. -L.or NIDI
The Hague,

The Netherlands

The Generations and Gender Programme (GGP) is a distributed
RI'with the aim to provide scientists and policy makers with high
quality and cross-nationally comparable longitudinal data on
population and family dynamics to answer pressing scientific

and societal challenges. The GGP is based on the collection,
documentation, and dissemination of data from large-scale,
nationally representative surveys in Europe and beyond. It
provides data on transitions to adulthood, family dynamics, fertility
decisions, work-life balance, well-being, and intergenerational
exchanges. It maintains a Contextual Database which comprises a
wide range of macro-level indicators characterizing the societal,
economic and institutional context of countries to formulate
empirically-informed policies on families and population.

2006 2008 2010 2012 2014
:RMO6 : RMO8 : RM10

Total investment
182 M€

Design
42Me

Preparation
39Me

Implementation
72 M€

Operation
11 M€/ year

— INTERCONNECTIONS

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2016 2018

: RM16 : RM18

INNOVATION
Legal status Type
pending distributed

The GGP Programme was launched under the umbrella of the
United Nations Economic Commission for Europe (UNECE) as
early as 2000. In the following years, the findings and potential

of the GGP emerged and new funding enabled to rethink the
Programme's long-term strategy. In 2016, the GGP obtained the
status of emerging project in the ESFRI Roadmap 2016, noting
GGP's scientific excellence as well as its European added value
and socio-economic impact. The GGP-EPI project provided the
GGP with the means to institutionalize and further formalise key
processes required to position the GGP for a successful application
for inclusion in the ESFRI Roadmap as a sustainable, world-class
Research Infrastructure. The project culminated with the successful
application and inclusion in the ESFRI Roadmap 2021.

2020 2022

: RM21

2028 2030 2032 2034 2036 2038

Prq:ect
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GUIDE

Growing Up In Digital Europe: EuroCohort

188 INNOVATION
Website Headquarters
www.eurocohort.eu University College

Dublin, Ireland

The Growing Up In Digital Europe: EuroCohort (GUIDE) will

be Europe's first comparative birth cohort survey, a Research
Infrastructure that will be an important source of high quality
longitudinal statistical evidence to support the development of
social policies which will enhance the well-being of children,
young people and their families across Europe. GUIDE/
EuroCohort will be an accelerated cohort survey including a
sample of new born infants as well as a sample of school age
children to be surveyed using a common questionnaire and data
collection methodology at regular intervals until the age of 24
years. The data will be used by a broad community of researchers
and will generate cross-culturally comparative results of potential
great value to child and youth initiatives and policies.

:RMO6 : RMOS8 : RM10

Total investment
580.6 M€

Design
31M€

Preparation
158 M€

Implementation
1850 M€

Operation
17.8 M€/ year

— INTERCONNECTIONS

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2006 2008 2010 2012 2014 2016 2018
: RM16 : RM18

Legal status
pending

Type
distributed

The feasibility study to scope the development of a European
wide longitudinal survey with a focus on child well-being

was undertaken by the MYWeB project in 2014. MYWeB was
followed by the European Cohort Development Project: ECDP
which developed the business case and research design for
GUIDE/EuroCohort. In ECDP the project partners developed

the governance structure for GUIDE/EuroCohort and initiated
the consortium which involves international networking with

key stakeholders in each partner country to identify funding
sources necessary for the Implementation Phase. ECDP has also
developed the plan for the scientific parts of the Preparation Phase
which involves piloting research instruments and developing

an IT infrastructure to house data and facilitate user access and
exploitation.

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
: RM21

Project

POLITICAL SUPPORT
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OPERAS

OPen scholarly communication in the European Research Area for Social Sciences and Humanities

Website
WWW.operas-eu.org

Headquarters
CNRS
Paris, France

The OPen scholarly communication in the European Research
Area for Social Sciences and Humanities (OPERAS) is a distributed
Rl to enable Open Science and upgrade scholarly communication
practices in the Social Sciences and Humanities in line with the
EOSC. OPERAS pools resources and offers services to enable all
SSH stakeholders to streamline their activities and maximize the
societal impact, in an interdisciplinary, mission-driven approach.
OPERAS fosters the co-creation and adoption of scholarly
communication services addressing research needs in terms of
discovery, content creation, quality assurance, dissemination,
outreach, and evaluation of outputs. It catalyses knowledge and
know-how sharing, practices adoption, and increases return on
socio-economic investments.

2006
:RMO6 : RMO8 : RM10

Total investment
150 M€

Design
26 M€

Preparation
117 M€

Implementation
92M€

Operation
0.9 M€/ year

— INTERCONNECTIONS

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2008 2010 2012 2014 2016 2018
: RM16 : RM18

Legal status
AISBL, 2019

Type
distributed

The OPERAS Concept and Design Phase dates back to 2012-

2018 when the coordinated actions to establish the network and
shaping the project began. This effort lead to the recognition of
OPERAS as a project addressing High strategic potential area for
research in SCI in the ESFRI Roadmap 2018. OPERAS started its
Preparation Phase in 2019 by developing the business plan and
governance model and promoting services creation and alignment
for EOSC catalogue and transnational access. In 2019, OPERAS
established the status of International non-profit Association under
Belgian law (AISBL). Entered the ESFRI Roadmap 2021, OPERAS is
striving to efficiently guarantee an efficient move to the Operation
Phase with a coherent approach to technical, administrative, and
financial issues and the establishment of OPERAS ERIC.

2020 2022

: RM21

2024 2026 2028 2030 2032 2034 2036 2038
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RESILIENCE

REligious Studies Infrastructure: tooLs, Innovation, Experts, conNections and Centres in Europe

Website
www.resilience-ri.eu

Headquarters
FSCIRE
Bologna, Italy

The REligious Studies Infrastructure: tooLs, Innovation,

Experts, conNections and Centres in Europe (RESILIENCE) is a
interdisciplinary Research Infrastructure for all Religious Studies,
building a high-performance platform, supplying tools and

services for scholars studying religions in their different forms and
in their diachronic and synchronic variety. It responds to the need

for the broader and more structured involvement of excellent
researchers, producing productive skills, new knowledge, a
new approach and a visible impact in terms of innovation in
Religious Studies. RESILIENCE supplies easy access to digital
and physical data on religion and to advanced tools in knowing
and understanding these data, and thus facilitates high-quality
research concerning religion all over Europe and beyond.

DESCRIPTION

TIMELINE & ESTIMATED COSTS

Legal status
pending

Type
distributed

The Concept and Design of RESILIENCE have built on several
steps, both at national and European level, being RESILIENCE
based on the excellency of thirteen partners who have proven
to be able to collaborate in a collegial and efficient way. Many of
the partners share more than a decade of fruitful collaborative
relationships, which proves the capacity to achieve an
implementation which is feasible and stable. Recognised as a
project addressing High strategic potential area for research in
SCl'in 2018, RESILIENCE entered the ESFRI Roadmap in 2021.
The Rlis currently in the Preparation Phase working hard to get
a clear picture of the future infrastructure: what it will look like,
what services it will provide and what does that means for users.
Operations are expected to start in 2034.

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
:RMO6 : RMO8 : RM10 : RM16 : RM18 : RM21
Total investment P'%eft
3184 M€ 5
Design
63 M€ :
Preparation —
39.0 M€ :
Implementation
85.0 M€
Operation
9.5 M€/year
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RESEARCH INFRASTRUCTURES 193

Partnership for Advanced Computing in Europe

Website Headquarters Legal status Type
Www.prace-rieu PRACE AISBL AISBL, 2010 distributed

Brussels, Belgium

DESCRIPTION

The Partnership for Advanced Computing in Europe (PRACE) is PRACE is established as an International non-profit Association

a supercomputing Research Infrastructure providing access to under Belgian Law (AISBL) with seat in Brussels since 2010. It
world-class computing and data management resources and brings together 26 members organisations, representing EU
services through a peer-review process, for large-scale high- Member States and Associated Countries, to create a pan-
impact scientific and engineering applications at the highest European supercomputing infrastructure. A total of seven
performance level across all disciplines. PRACE seeks to support supercomputers and their operations are accessible through

the European scientists and engineers to exploit more broadly PRACE and provided by five Hosting Members, among which
high-end HPC and to strengthen connection with many ESFRI Rls BSC in Spain, CINECA in ltaly, GCS in Germany and GENCI in

to maximise the impact on the ERA and on broad applications France secured funding for the initial period 2010-2015. In 2016,

in industry. PRACE actively interfaces with XSEDE (USA), RIKEN ETH Zurich/CSCS (Switzerland) opened its system via the PRACE
(Japan), Compute Canada, the European data network for the Peer Review Process. In pace with the needs of the scientific
research and education community (GEANT), the European Grid communities and technical developments, systems deployed by
Infrastructure (EGI), the European Data Infrastructure (EUDAT), and ~ PRACE are continuously updated and upgraded to be at the apex
the Human Brain Project (HBP). of HPC technology.

TIMELINE & ESTIMATED COSTS

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038

Totalinvestment Prolest : LA e

7128 M€

Design
not available

Preparation
247 M€

Implementation
1891 M€

Operation
not available

ESFRI LANDMARKS

— INTERCONNECTIONS POLITICAL SUPPORT

&)

CH,DE, ES FR, IT

AT, BE, BG, CY, CZ, DK,
EL. FI, HU, IE, IL, LU, NL,

t NO, PL. PT, SE, SI, SK,
}_ & TR, UK

HR, LV



http://www.prace-ri.eu

%\Z (® ESFRI LANDMARKS

Website
www.eccselorg

Headquarters
ECCSEL ERIC
Trondheim, Norway

The European Carbon Dioxide Capture and Storage Laboratory
Infrastructure (ECCSEL) is a distributed Research Infrastructure
with the aim to enhance European science, technology
development, innovation and education in the field of Carbon
Dioxide Capture, Utilisation, Transport and Storage (CCUS). Its
vision is to enable low to zero CO2 emissions from industry and
power generation to combat climate change. ECCSEL provides
coordination, operation, development and open access to
world-class CCUS research facilities across Europe, covering the
whole CCUS value chain: membranes, integrated CCUS systems,
pressure/injection, migration, security/troubleshooting, CO2
pipeline transport and integrity, shipping of CO2, smart integrations
with carbon capture and re-use into valuable products.

Project

Total investment
1000.0 M€

Design
not available

Preparation
10.0 M€

Implementation
100.0 M€

Operation
0.85 M€/year

ESFRI ROADMAP 2021 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES

Landmark

Legal status
ERIC, 2017

Type
distributed

Conceived and included in the ESFRI Roadmap 2008, ECCSEL was
established as a European Research Infrastructure Consortium
(ERIC) in June 2017 and was acknowledged as ESFRI Landmark in
2018. ECCSEL ERIC is the result of several EU-funded projects that
bring together high-quality research facilities in Europe in the field
of CCUS. The central coordinating office, the ECCSEL Operations
Centre, integrates and coordinates the activities of national partners
- Industry, Research Institutes and Universities - across Europe.
Over 80 individual research facilities are currently part of the
ECCSEL ERIC; they are located in five countries each representing a
national node, and are owned by 23 different facility operators. The
number of countries, operators and facilities is increasing over time.

NO

FR,IT, NL, UK
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Website
www.eusolaris.eu

Headquarters
CIEMAT-PSA
Almeria, Spain

The European Solar Research Infrastructure for Concentrated
Solar Power (EU-SOLARIS) is a distributed Research Infrastructure
for the integration and coordination of Research and Technology
Development (RTD) capabilities and efforts in Concentrating Solar
Power/Solar Thermal Energy (CSP/STE) technologies in Europe.
EU-SOLARIS will become the reference for CSP/STE and maintain
Europe at the forefront of these technologies by facilitating the
access of researchers to the most complete, high-quality scientific
portfolio of facilities, services and tools via a single access point.
EU-SOLARIS will link scientific communities and industry and
speed up the development of research and innovation due to a
closer collaboration model, knowledge exchange management
and a wider dissemination of results.

2006 2008 2010 2012 2014 2016

Project

Total investment
70 M€

Design
05M€

Preparation
05 M€

Implementation
6.0M€

Operation
01 M€/ year

Legal status
ERIC Step2

Type
distributed

EU-SOLARIS entered the ESFRI Roadmap in 2010 and was
acknowledged as ESFRI Landmark in 2021 as a result of successful
submission of the European Research Infrastructure Consortium
(ERIC) Step2 application by four Member States. EU-SOLARIS is the
outcome of a Preparation Phase made by a consortium composed
of thirteen research institutions plus the Spanish Ministry of
Economy and Competitiveness (MINECO) and the European Solar
Thermal Electricity industry Association (ESTELA). In Geographical
terms, the consortium offers a wide geographical spread to handle
the main stakeholders in the Solar Thermal Energy Research and
R&D Infrastructures throughout Europe, with links outside the
European territory. EU-SOLARIS is now facing the Implementation
Phase with Operation Phase expected to start in 2022.

2030 2032 2034 2036 2038

Landmark
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Website Headquarters
www-rjh.cea.fr CEA

Cadarache, France

The Jules Horowitz Reactor (JHR) is a reference user facility to

observe and understand material and fuel behaviour in extreme

nuclear environment by reproducing the operational condition
of the different power reactor technologies. JHR will be key for

Legal status
JHR Consortium
Agreement, 2007

Type
single-sited

JHR project entered the ESFRI Roadmap in 2006 and the site
preparation began at the Cadarache Research Centre in 2007.
The first concrete step for the reactor's foundations was poured in
2009, and the central containment structure was completed with

the nuclear international community by extending performances
and assessing safety for nuclear power plants, also strengthening
technology credibility and public acceptance. JHR will be effective
in training new generations of scientists and engineers in the
strategic field of nuclear energy also guaranteeing the high level
of expertise needed in the staff of power plants in all steps of their
lifecycle. JHR will also ensure the production of radioelements for
nuclear medicine and for non-nuclear industry.

the addition of a 105-tonne dome in late 2013. JHR will be built and
managed in the framework of an international cooperation among
several organizations bound by a Consortium Agreement (CA)
signed in 2007 by CEA, French industrial partners EDF and AREVA,
the EC together with research institutes from seven European
Member States and Associated countries, UK, China and India, the
CEA being the owner, nuclear operator and contracting authority
of the facility. JHR is expected to start the Operation Phase by the
beginning of the next decade.

2010 2012 2014 2016 2024 2028 2030 2032

202¢

Project

Total investment Landmark

1800.0 M€
Design
2000 M€

Preparation
100.0 M€

Implementation
1500.0 M€

Operation
not available

FR

The following countries are JHR
members

BE. CN, CZ ES, FI, IL, IN,
SE, UK

EC

ESFRI ROADMAP 2021 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES


http://www-rjh.cea.fr

ACTRIS

Aerosol, Clouds and Trace Gases Research Infrastructure

Website
www.actris.eu

Headquarters
University of Helsinki - FMI
Helsinki, Finland

The Aerosol, Clouds and Trace Gases Research Infrastructure
(ACTRIS) is a distributed RI dedicated to high-quality observation
of aerosol, clouds, trace gases and exploration of their
interactions. ACTRIS delivers precision data, innovative services,
and procedures regarding the 4D variability and the physical,
optical and chemical properties of short-lived atmospheric
constituents. It improves the current capacity to understand and
predict past, current and future evolution of the atmospheric
environment. ACTRIS serves a vast community of users working
with observations, experiments, models, satellite data, analysis
and predicting systems. It offers access to advanced technological
platforms to explore atmospheric processes crucial for monitoring
air quality and understanding climate change.

2006 2008 2010 2012 2016

:RMO6 : RMO8 : RM10

2014

Total investment
698.0 M€

Design
85 M€

Preparation
93.0 M€

Implementation
5200 M€

Operation
93.0 M€/ year

— INTERCONNECTIONS

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2018

: RM16 : RM18

Legal status
ERIC Step2

Type
distributed

In the ESFRI Roadmap since 2016, ACTRIS was granted the status
of ESFRI Landmark in 2021 as a result of successful submission

of the European Research Infrastructure Consortium (ERIC) Step2
application by thirteen Member States. ACTRIS builds on the long-
term collaboration within the atmospheric science community
sustained by a series of EU-funded projects since 2000. After
successfully completing the Preparation Phase from 2017 to 2019,
ACTRIS has entered the Implementation Phase in January 2020
supported by the ACTRIS IMP project and by committed countries
with their national ACTRIS budgets. ACTRIS Implementation

Plan outlines the main activities to be worked on during the
Implementation Phase. ACTRIS is aiming to be operational with
well-functioning operations and services in 2025,

2020 2022 2028 2030 2032 2034 2036 2038
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EISCAT_3D

Next generation European Incoherent Scatter radar system

Website Headquarters
https:/eiscat.se EISCAT Scientific
Association

Kiruna, Sweden

The next generation European Incoherent Scatter radar system
upgrade (EISCAT_3D) is a single-sited international Research
Infrastructure using radar observations and the incoherent scatter
technique to study the atmosphere and the near-Earth space
environment above the Fenno-Scandinavian Arctic as well as to
support the solar system and radio astronomy sciences. The radar
system is designed to investigate how the Earth's atmosphere is
coupled to space and the facility is almost fully dedicated to the
solar-terrestrial physics, a research area where the interaction
between the Sun and the Earth is studied. EISCAT_3D will also

be suitable for other scientific targets and applications including
climate change, space weather, plasma physics, space debris and
near-Earth object studies.

DESCRIPTION

Legal status
EISCAT Scientific
Association, 1975

Type
single-sited

The EISCAT Scientific Association was established in 1975 to
conduct research on the lower, middle and upper atmosphere
and ionosphere using the incoherent scatter radar technique.
Since then, the facilities of the EISCAT have been continuously
developed and extended and today comprise world-class radars
and a powerful ionospheric heating facility. The EISCAT_3D
system will consist of a phased-array radar system located in
Northern Fenno-Scandinavia near space research centres in
Kiruna (Sweden), Sodankyla (Finland) and Tromse (Norway), two
rocket launch facilities at Andoya (Norway) and Esrange (Sweden),
and several other distributed instrument networks for geospace
observation. In the ESFRI Roadmap since 2008, EISCAT_3D is
expected to start operations at the end of 2022.

TIMELINE & ESTIMATED COSTS

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
:RMO6 : RMO8 : RM10 : RM16 : RM18 : RM21

o
HEN

Total investment
793 M€

Design
26 M€

Preparation
91M€

Implementation
67.6 M€

Operation
4.9 M€/ year

— INTERCONNECTIONS POLITICAL SUPPORT

SE

The following countries are EISCAT
members

CN, FI, FR, JP, KR, NO,
UA, UK

t(*
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EMSO ERIC

European Multidisciplinary Seafloor and water-column Observatory

Website Headquarters
WWWw.emso.eu EMSO ERIC
Rome, Italy

The European Multidisciplinary Seafloor and water-column
Observatory (EMSQ) is a distributed Research Infrastructure
aiming at exploring the oceans to gain a better understanding of
phenomena happening within and below them, and to explain
the critical role that these phenomena play in the broader Earth
system. EMSO offers high-quality environmental data and services
covering a multi- and inter-disciplinary range of research areas
including biology, geology, chemistry, physics, engineering and
computer science, from polar to tropical environments. EMSO
provides these data to a large and diverse group of users, from
scientists and industries to institutions and policy makers to
support the definition of environmental policies and respond to
pressing scientific and societal challenges.

DESCRIPTION

TIMELINE & ESTIMATED COSTS

Legal status
ERIC, 2016

Type
distributed

Entered in the ESFRI Roadmap 2006, EMSO is a European
Research Infrastructure Consortium (ERIC) since 2016. EMSO
ERIC consists of a system of regional facilities that includes
open-ocean, seafloor observatories down to 4,850 metres depth,
and shallow-water test sites placed at key sites around Europe,
from North East to the Atlantic, across the Mediterranean, to the
Black Sea. Observatories are platforms equipped with multiple
sensors, placed along the water column and on the seafloor.
They constantly measure different biogeochemical and physical
parameters, that address natural hazards, climate change and
marine ecosystems. Currently, EMSO ERIC brings together 15
Regional Facilities, among which three are test sites, offered by 28
research centres located in nine European countries.

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
ERMOG RMO8 RM10 RM16 RM18 RM21
oo e T T L LT 1]
S esne [T T
Design ‘
not available '
Preparation —
54 M€ :
Implementation _
1378 M€
Operation
20.0 M€/ year
— INTERCONNECTIONS POLITICAL SUPPORT
IT
| Member |
& EL. ES. FR, IE, NO, PT,
RO, UK

'Sy
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EPOS ERIC

European Plate Observing System

Website Headquarters
WWW.epos-eu.org EPOS ERIC
Rome, ltaly

The European Plate Observing System (EPOS) is a
multidisciplinary, distributed Research Infrastructure that facilitates
the integrated use of data, data products, and facilities from

the solid Earth science community in Europe. EPOS will enable

DESCRIPTION

Legal status
ERIC, 2018

Type
distributed

Entered the ESFRI Roadmap in 2008, EPOS established the
European Research Infrastructure Consortium (ERIC) in 2018.
After the Preparation and Implementation Phases, EPOS ERIC is
currently facing the challenging transition to the Operation Phase

innovative multidisciplinary research for a better understanding

of the Earth's physical and chemical processes that control
earthquakes, volcanic eruptions, ground instability and tsunamis
as well as the processes driving tectonics and Earth's surface
dynamics. Through integration of data, models and facilities, EPOS
will allow the Earth science community to make a step change in
developing new concepts and tools for key answers to scientific
and socio-economic questions concerning geo-hazards and geo-
resources for a safe and sustainable society.

(foreseen to start in 2023). This transition, focused on finalizing
the operation of the EPOS Delivery Framework, is coordinated
by EPOS ERIC also through the three years EU-funded EPOS
Sustainability Project. This project will create synergies among
diverse actions dedicated to securing governance, technical,
financial and legal sustainability for the operation of the whole
Research Infrastructure. EPOS ERIC is taking the responsibility
of coordinating and managing the EPOS Delivery Framework
guaranteeing its long-term sustainability.

TIMELINE & ESTIMATED COSTS

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
:RMO6 : RMO8 ; RM10 : RM16 : RM18 : RM21
Total investment rojoct ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ LaFi“ka ‘ ‘
500.0 M€ : : : :
HEREEEHENHER
300 M€ : : '
Preparation _
45M€ :
Implementation
320 M€
Operation
18.0 M€/ year
— INTERCONNECTIONS POLITICAL SUPPORT
-

T

BE. DK EL, FR. IS, NL,
NO, PL, PT, RO, SI, UK
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EURO-ARGO ERIC

European contribution to the international Argo Programme

Website Headquarters Legal status Type
wWWww.euro-argo.eu EURO-ARGO ERIC ERIC, 2014 distributed

Plouzané, France

DESCRIPTION

The European contribution to the International Argo Programme Built around the Argo programme, EURO-ARGO is also a major
(EURO-ARGO) is a distributed Research Infrastructure that in situ infrastructure for the Copernicus Marine Environment
organizes and federates the European contribution to the Argo Monitoring Service (CMEMS) and the European Marine
international programme for in situ ocean observations. EURO- Observation and Data Network (EMODnet). Entered the ESFRI
ARGO provides enhanced coverage in the European regional Roadmap in 2006, EURO-ARGO established the European

seas by deploying and operating an array of around 800 floats Research Infrastructure Consortium (ERIC) in 2014. Since then, the
corresponding to % of the global Argo array of profiling floats EURO-ARGO ERIC has been developing its long-term strategy
which measure temperature and salinity every 10 days throughout ~ to enhance and strengthen its data system to support the

the deep global oceans. It delivers data both in real-time and real-time requirements of operational modelling applications in
delayed mode for climate change research and monitoring as oceanography and meteorology, and to develop new services for
well as operational services such as Copernicus. It also aims at Members such as joint float procurement, at-sea monitoring of
developing the new phase of Argo extending the network to the European fleet and training. Its data coverage is deemed to be
abyssal oceans, biogeochemical parameters, marginal seas and sufficient to resolve many of the important global climate signals.

high latitudes.

TIMELINE & ESTIMATED COSTS

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
:RMO6 : RMO8 : RM10 : RM16 : RM18 : RM21

Total investment "’é#t “ “ ‘ ‘ ‘ ‘L%nd’#ark
ooMeIHT T LT LT I \

Design
not available

Preparation
not available

Implementation
not available

Operation
8.0 M€/ year

— INTERCONNECTIONS POLITICAL SUPPORT
‘

FR

¥
EURO-ARGO ¥ BG, DE, EL, ES, FI, IE, IT,
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IAGOS

In-service Aircraft for a Global Observing System

Website Headquarters
WWwWw.iagos.org IAGOS AISBL

Brussel, Belgium

The In-service Aircraft for a Global Observing System (IAGOS) is a
distributed Research Infrastructure that operates a global-scale
monitoring system for atmospheric trace gases, aerosols and
clouds by using the existing provisions of the global air transport
system to provide essential data on climate change and air
quality. It complements the global observing system in addition
to ground-based networks, dedicated research campaigns and
observations from satellites, balloons, and ships. In order to
provide optimal information, two complementary systems have
been implemented, (i) IAGOS-CORE providing global coverage
on a day-to-day basis of key observables and (ii) IAGOS-CARIBIC
offering a more in-depth and complex set of observations with
lesser geographical and temporal coverage.

:RMO6 : RMO8 : RM10

Total investment

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2006 2008 2010 2012 2014 2016 2018
: RM16 : RM18

Legal status
AISBL, 2014

Type
distributed

IAGOS builds on the scientific and technological experience
gained within the research projects MOZAIC (Measurement

of Ozone and Water Vapour on Airbus in-service Aircraft)

and CARIBIC (Civil Aircraft for the Regular Investigation of

the Atmosphere Based on an Instrument Container). In the
ESFRI Roadmap since 2006, IAGOS developed the technical,
organisational and legal concept during its Preparation Phase
under the EU-funded IAGOS-ERI project. IAGOS was formally
implemented in 2014 as an International non-profit Association
under Belgian Law (AISBL) with its seat in Brussels. The scientific
equipment deployed in IAGOS is owned and provided in-kind by
the Members of IAGOS AISBL, who are also responsible for quality
assurance of the measurements and for provision of the data.

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
: RM21

roje#t ‘ g ‘ ‘ g ‘ ‘ ‘ ‘ ‘ L llcglldlk
‘ o

92Me

Design
44 M€

Preparation
35M€

Implementation
450 M€

Operation

70 M€/year

— INTERCONNECTIONS

POLITICAL SUPPORT

&
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ICOS ERIC

Integrated Carbon Observation System

Website
WW\W.icOS-ri.eu

Headquarters
ICOS ERIC
Helsinki, Finland

The Integrated Carbon Observation System (ICOS) is a distributed
Research Infrastructure to facilitate research on carbon cycle
and to provide necessary information on greenhouse gases
(GHG). ICOS conducts long-term observations in the atmosphere,
ecosystems, and oceans, and generates high-precision and
stardardised data to monitor the present state and extrapolate
the future behaviour of the global carbon cycle and GHG fluxes in
order to predict environment changes and mitigate their impacts.
ICOS helps to elaborate an account of the Earth system and its
response to climate change and other environmental challenges.
ICOS advances the fulfilment of the United Nations' Sustainable
Development Goals and the European Union's Societal
Challenges, especially those concerning climate change.

2006 2008 2010 2012
:RMO6 : RMO8 : RM10

2014 2016

: RM16

Total investment ""e% “ “ ‘ ‘ ‘

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2018
: RM18

Legal status
ERIC, 2015

Type
distributed

Entered the ESFRI Roadmap in 2006, ICOS established the
European Research Infrastructure Consortium (ERIC) in 2015.

The basis of ICOS's operations is the measurement network that
comprises more than 140 standardised stations organised in
three distinct domains - Atmosphere, Ecosystem and Ocean - to
observe greenhouse gas concentrations in the atmosphere as
well as carbon fluxes between the atmosphere, the land surface
and the oceans. The stations are coordinated and run by the ICOS
National Networks, representing 13 Member countries and one
Observer country. Overall, ICOS community consists of more than
500 scientists in Europe and beyond. More than 80 renowned
universities or institutes are a part of the ICOS community which
has also strong connections to colleagues and operators outside
academia.

2020 2022

: RM21

2024 2026 2028 2030 2032 2034 2036 2038

qm{ark

1160 M€ \ \\ \‘ 1

Design __

not available

Preparation
43 M€

Implementation
800 M€

Operation

24.2 M€/ year

— INTERCONNECTIONS

POLITICAL SUPPORT

'S
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LifeWatch ERIC

e-Infrastructure for Biodiversity and Ecosystem Research

Website
www.lifewatch.eu

Headquarters
LifeWatch ERIC
Seville, Spain

The e-Infrastructure for Biodiversity and Ecosystem Research
(LifeWatch) is a distributed Research Infrastructure providing
e-Science facilities and services to the biodiversity and ecosystem
research community. LifeWatch ERIC seeks to understand the
complex interactions between species and the environment,
taking advantage of High-Performance, Grid and Big Data
computing systems, and the development of advanced modelling
tools to implement measures aimed at preserving life on Earth.
LifeWatch tackles the constraints affecting biodiversity and
ecosystem research, such as the pressing need for increasingly
diverse data, larger and more advanced models, open data and
open science clouds, thus allowing to explore new frontiers in
ecological science and support society in addressing global
challenges.

DESCRIPTION

TIMELINE & ESTIMATED COSTS

Legal status
ERIC, 2017

Type
distributed

In the ESFRI Roadmap since 2006, LifeWatch established the
European Research Infrastructure Consortium (ERIC) in 2017 by
bringing together seven European countries. LifeWatch ERIC
Statutory Seat and the ICT e-Infrastructure Technical Offices

are located in Spain and jointly assist the coordination and
management of the day-to-day institutional relationships and
administrative, legal, financial issues. It also coordinates the
implementation of e-Services demanded by the Service Centre
in ltaly, and the Virtual Laboratories and Innovations Centre in The
Netherlands. The national nodes, known as Distributed Centres,
are operated by each of the seven members of the LifeWatch ERIC
and are encouraged to establish Thematic Centres in accordance
with ERIC overall architectural scheme.

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
ERMOG RMOS; RM10 RM16 RM18 RM21
s R LU L L] b [ |
T Sdne [T T I ]
Design ‘ : § : ;
Preparation _
50 M€ :
Implementation
1420 M€
operation _
12.0 M€/ year
— INTERCONNECTIONS POLITICAL SUPPORT
ES
| Member |
4 BE, EL, IT, NL, PT, SI

LifeWatch

ERIC
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Analysis and Experimentation on Ecosystems

Website
WwWw.anaee.eu

Headquarters
AnaEE - Central Hub
Gif sur Yvette, France

The Analysis and Experimentation on Ecosystems (AnaEE) is a
distributed Research Infrastructure which provides integrated
and coordinated management of experimental, analytical and
modelling facilities, with the aim to support scientists in testing
the potential impacts of climate change and land use in Europe.
Characteristic to AnaEE are its versatile facilities that can simulate
environmental drivers ranging from land-use change, pollution,
biological invasions, rising atmospheric greenhouse gases
concentrations, to increasing extreme events such as droughts
and heatwaves. AnakEE will forge evidence-based adaptation

and mitigation strategies to maintain essential services to society
including carbon sequestration, food security, clean water,
biodiversity and ecosystem health today and in the future.

2006
: RMO6 RMO8 : RM10

Total investment froest

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2008 2010 2012 2014 2016 2018
: RM16 : RM18

Legal status
ERIC Step2

Type
distributed

Entered in the ESFRI Roadmap 2010, AnaEE was acknowledged
as ESFRI Landmark in 2021. Currently in the Implementation
Phase, AnaEE submitted the European Research Infrastructure
Consortium (ERIC) Step2 application with the support of five
Members (including CIHEAM) and one Observer. The AnakEE
Central Hub, hosted in France, will be the main entry point,
responsible for the provision of the services. Three Service Centres
- Technology, Interface and Synthesis, Data and Modelling - are
under implementation respectively in Denmark, Czech Republic
and ltaly. The coordination and integration of the national
platforms, through the Hub and Centres, will ensure international
access, improved measurements and data harmonization,
technology development, links between data and models.

2020 2022 2024 2026 2028
i RM21

2030 2032 2034 2036 2038

Lanoé'nark

419 M€
Design
12M€

Preparation
47 M€

Implementation
36.0 M€

Operation
11 M€/ year

— INTERCONNECTIONS

POLITICAL SUPPORT
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BBMRI ERIC

Biobanking and BioMolecular Resources Research Infrastructure

Website
WWWw.bbmri-eric.eu

Headquarters
BBMRI ERIC
Graz, Austria

The Biobanking and BioMolecular resources Research
Infrastructure (BBMRI) is one of the largest Research
Infrastructures for biobanking in Europe. BBMRI brings together
main players from the biobanking field - researchers, biobankers,
industry, and patients - to boost biomedical research and
ultimately to make new treatments possible. BBMRI improves

the accessibility and interoperability of existing comprehensive
collections, either population-based or clinical-oriented, of
biological samples from different (sub-)populations of Europe or
rare diseases. These collections include the associated data on
factors such as health status, nutrition, lifestyle and environmental
exposure of the study subjects. BBMRI also offers quality
management services and support with ethical, legal and societal
issues.

DESCRIPTION

TIMELINE & ESTIMATED COSTS

Legal status
ERIC, 2013

Type
distributed

Entered the ESFRI Roadmap 2006, BBMRI was established as

a European Research Infrastructure Consortium (ERIC) in 2013.
The agreement among 17 Members and 5 Observers, including
one International Organisation (WHO/IARC), enabled the
integration of biobanks/biological resource centres/collections
at National Nodes to setup a pan-European distributed Research
Infrastructure. BBMRI ERIC is a key Europe-wide resource to
access to quality-defined human disease-relevant biological
samples and associated data in an efficient as well as ethically
and legally compliant manner. It is continuously expanding its
membership and building partnerships with biobanks, as well as
patient organisations and industry to foster personalised medicine
and disease prevention for the benefit of European citizens.

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
:RMO6 : RMOB i RM10 : RM16 : RM18 i RM21

Totalinvestment Proect : Lancimerk

not available

Design

not available

not available :
Implementation ——

not available
Operation

not available

— INTERCONNECTIONS

POLITICAL SUPPORT

BBMRI ERIC
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EATRIS ERIC

European Advanced Translational Research Infrastructure in Medicine

Website Headquarters
www.eatris.eu EATRIS ERIC
Amsterdam,

The Netherlands

The European Advanced Translational Research Infrastructure
in Medicine (EATRIS) is a distributed Research Infrastructure for
translational medicine. EATRIS brings together resources and
services to support researchers in developing their biomedical
discoveries into novel translational tools and interventions for
better health outcomes. EATRIS provides access to cross-
disciplinary expertise and cutting-edge technologies to
successfully move early-stage research for drug development,
ranging from scientific equipment, knowledge-based resources
from sample collections to GMP manufacturing and regulatory
guidance, closer to the patient. Research services and medicines
development expertise are provided in advanced therapy
medicinal products, biomarkers, imaging and tracing, small
molecules and vaccines.

DESCRIPTION

TIMELINE & ESTIMATED COSTS

Legal status
ERIC, 2013

Type
distributed

In the ESFRI Roadmap since 2006, EATRIS established the
European Research Infrastructure Consortium (ERIC) in 2013. As of
June 2021, EATRIS ERIC is supported by 14 European countries, 12
Members and 2 Observers, and regroups more that 114 academic
research institutes and university medical centres across Europe.
EATRIS ERIC is operating a broad range of research services and
platforms - including regulatory services, training and education,
and mentoring - for both academia and industry across various
fields. To facilitate academic collaborations with industry, EATRIS
ERIC provides research services geared towards biotech SMEs
and pharmaceutical companies. EATRIS ERIC works with public
funding agencies, charities and policy makers to help improve the
translational research and innovation ecosystem.

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
:RMO6 : RMOB ; RM10 : RM16 ; RM18 i RM21
Totalinvestment  Frolect Landmark
500.0 M€
Design
not available
Preparation _
50 M€ :
Implementation —
45 M€
Operation
25 M€/ year
— INTERCONNECTIONS POLITICAL SUPPORT
~
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European Clinical Research Infrastructure Network

Website Headquarters
WWW.ecrin.org ECRIN ERIC

Paris, France

The European Clinical Research Infrastructure Network (ECRIN)
is a distributed Research Infrastructure that supports the
preparation and implementation of multinational, high-quality,
transparent clinical trials thus overcoming the obstacles caused
by fragmentation and poor interoperability of the national,
clinical research environment in Europe. Support areas include
the preparation of applications for funding, protocol evaluation,
trial management, quality assurance and addressing regulatory
and ethical issues. ECRIN creates added value through access
to expertise and patients, increasing the reach, diversity, and
result quality of clinical trials. It fulfils the vision of a society where
all decisions in medical practice are based on sound scientific
evidence from high-quality clinical research.

2006 2008 2010 2012 2014 2016 2018

DESCRIPTION

TIMELINE & ESTIMATED COSTS

Legal status
ERIC, 2013

Type
distributed

In the ESFRI Roadmap since 2006, ECRIN established the

status of European Research Infrastructure Consortium (ERIC)

in 2013. As of November 2021, ECRIN ERIC is supported by nine
Members and three Observers which collaborate through ECRIN's
unique organization involving the ERIC Core team, the European
correspondents (EuCos) based in each country, and the national
scientific partners of Clinical Trial Units (CTUs). The core team,
based in Paris, develops ECRIN's strategy, common tools and
procedures, and contributes to ‘infrastructure development’
projects. The national scientific partners manage trials in-country
and host the EuCos. In coordination with the EuCo, they identify
the clinical trial units (CTUs) or clinical research centres (CRCs) that
will provide trial management tasks in a given trial.

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038

:RMO6 : RMOB ; RM10 : RM16 : RM18 i RM21
Total investment Project Landmark
50 M€
Design
L0 M€
Preparation __
6.0 ME :
Implementation ——_—
20.0 M€
Operation
5.0 M€/year
— INTERCONNECTIONS POLITICAL SUPPORT
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ELIXIR

A distributed infrastructure for life-science data

Website Headquarters
www.elixir-europe.org ELIXIR Hub

Hinxton, United Kingdom

The distributed infrastructure for life-science data (ELIXIR) is a
unique initiative that brings together Europe’s leading life science
organisations in managing and safeguarding the increasing
volume of data being generated by publicly funded research.

It coordinates, integrates and sustains bioinformatics resources
across European countries and enables users in academia and
industry to access services that are vital for their research. ELIXIR
makes it easier for scientists to find and share data, exchange
expertise, and agree on best practices and will help them gain
new insights into how living organisms work. Ultimately, ELIXIR
helps address the Grand Challenges across life sciences, from
marine research - via plants and agriculture - to health research
and medical sciences.

:RMO6 : RMO8 : RM10

Project Land;'nark

Total investment

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2006 2008 2010 2012 2014 2016 2018
: RM16 : RM18

Legal status
ELIXIR Consortium
Agreement, 2013

Type
distributed

Entered in the ESFRI Roadmap in 2006, ELIXIR became a
European intergovernamental organisation following the
ratification of the ELIXIR Consortium Agreement (ECA) in 2013.
ELIXIR began implementing its first scientific programme in 2014
and is currently running its second five-year scientific programme.
At present, ELIXIR consists of 22 Members, including EMBL which
leads the consortium, and one Observer, bringing together over
220 research organisations and more than 700 life scientists,
computer scientists and support staff. ELIXIR is organized with a
Hub that coordinates and manages the activities across the RI,
and the National Nodes, networks of research organisation within
a Member State coordinated at local level to run the scientific and
technical activities of ELIXIR.

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
: RM21

476 M€

Design
not available

Preparation
10.0 M€

Implementation
not available

Operation

5.4 M€/year

— INTERCONNECTIONS

POLITICAL SUPPORT

EMBL

The following countries are ELIXIR
member
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EMBRC ERIC

European Marine Biological Resource Centre

Website
www.embrc.eu

Headquarters
EMBRC ERIC
Paris, France

Legal status
ERIC, 2018

Type
distributed

DESCRIPTION

The European Marine Biological Resource Centre (EMBRC) is

a distributed Research Infrastructures for large-scale marine
science in Europe. EMBRC offers access to marine resources, as
well as cutting-edge services and facilities, that allow researches,
both from academia and industry, to study the ocean and develop
innovative solutions to tackle societal challenges. The EMBRC
investigation capacity and capability covers the whole range of
marine biodiversity, using approaches ranging from molecular
biology to ecology, chemistry, bioinformatics and mathematics,
and integrative biology. EMBRC key thematic areas include marine
biodiversity and ecosystem function, developmental biology

and evolution, marine products and resources - biotechnology,
aquaculture, fisheries - and biomedical science.

2006
:RMO6 : RMO8 : RM10

Total investment Project

TIMELINE & ESTIMATED COSTS

2008 2010 2012 2014 2016 2018
: RM16 : RM18

Landmark

Entered in the ESFRI Roadmap in 2008, EMBRC was
acknowledged the status of ESFRI Landmark in 2018, when

the European Research Infrastructure Consortium (ERIC) was
established. The transition to the Operational Phase was smooth,
as most services were already active and accessible to users'
community. At present, EMBRC offers a wide variety of high-quality
services, experimental facilities and cutting-edge technology
platforms supporting both fundamental and applied research
activities in Europe and beyond. Services are provided by 45

sites, including several marine stations and institutes, located in

9 Member States. EMBRC is projected to serve its users for at
least 25 years, facilitating marine biology research and supporting
cutting-edge research and solutions to today's societal issues.

2020 2022

{ RM21

2024 2026 2028 2030 2032 2034 2036 2038

1644 M€
Design
157 M€

Preparation
49 M€

Implementation
92 M€

Operation
112 M€/year

— INTERCONNECTIONS

MBRC ERI
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European Research Infrastructure on Highly Pathogenic Agents
Website Headquarters Legal status Type
www.erinha.eu ERINHA AISBL AISBL, 2017 distributed
Brussels, Belgium
The European Research Infrastructure on Highly Pathogenic Entered in the ESFRI Roadmap in 2008, ERINHA was established
Agents (ERINHA) is a distributed Research Infrastructure dedicated  as an International non-profit Association under Belgian Law
to develop an adequate and coordinated effort to address the (AISBL) in 2017 and was acknowledged as ESFRI Landmark in
challenges posed by the emergence or re-emergence of highly 2018. ERINHA brings together Europe’s top high containment
dangerous human and animal micro-organisms infecting humans. laboratories and focuses on highly pathogenic agents with no
ERINHA seeks to reinforce the European capacities for the approved or widely available treatment or vaccine. ERINHA's
study of Risk Group 4 pathogens, enhance the coordination of Central Coordinating Unit (CCU) located in Paris is the single
Biosafety Level 4 (BSL-4) activities and give access to BSL-4 and point of access to the Infrastructure. It ensures ERINHA's
complementary facilities (e.g. BSL-3) with longstanding experience  daily operations and provides functions for scientific project
of research in the field of highly infectious diseases. Such a management, data management, advocacy & communication,
coordinated approach is vital in a context marked by frequent legal and administrative matters. ERINHA member facilities foster
globalization of infectious diseases with high risk for public health, research in their field of expertise and accelerate the development
society and economy, as suggested by the COVID-19 pandemic. of countermeasures to keep the public safe.
2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
:RMO6 : RMOB ; RM10 : RM16 ; RM18 i RM21
Total investment Prolect "a”%“a'k :
58 M€ = 2
H H [\3
: : g
Design z
not available g
Preparation E
51M€ i
Implementation _
0.7M€
Operation
0.7 M€/ year

— INTERCONNECTIONS

POLITICAL SUPPORT

s

FR

HU, PT

) §

NL


http://www.erinha.eu

:
EU-OPENSCREEN ERIC

European Infrastructure of Open Screening Platforms for Chemical Biology

Website
WWWw.eu-openscreen.eu

Headquarters
EU-OPENSCREEN ERIC
Berlin, Germany

Legal status Type
ERIC, 2018 distributed

DESCRIPTION

The European Infrastructure of Open Screening Platforms for
Chemical Biology (EU-OPENSCREEN) is a distributed Research
Infrastructure that develops novel small chemical compounds
which elicit specific biological responses on organisms, cells
or cellular components. EU-OPENSCREEN enables scientists
to use compound screening methods to validate novel
therapeutic targets and support basic mechanistic studies

addressing fundamental questions in cellular physiology, across

domain systems, using the methods of chemical biology. EU-
OPENSCREEN is a cost-effective solution to address the need
of the broad scientific community providing access to Europe’s

leading screening platforms and chemistry groups, a jointly used

compound collection and operating an open-access database
accessible on a global basis.

2006 2008 2010 2012 2014 2016
:RMO6 : RMO8 : RM10

Total investment

TIMELINE & ESTIMATED COSTS

In the ESFRI Roadmap since 2008, EU-OPENSCREEN has
established the European Research Infrastructure Consortium
(ERIC) in 2018. As of November 2021, EU-OPENSCREEN ERIS is
supported by eight Member States hosting 23 Partners Sites which
offer access to academic high-throughput screening compounds
facilities - jointly comprising up to 140.000 commercial and
proprietary compounds - and medicinal chemistry services.
EU-OPENSCREEN supports all stages of a tool development
project, including assay adaptation, high-throughput screening,
and chemical optimisation of the 'hit' compounds. All generated
tool compounds and data are made available in an open access
database with the possibility to request a grace period of up to
three years to allow for data deposition after submitting a patent
application.

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038

: RM16 : RM18 { RM21

Project Landmark

823 M€
Design
not available

Preparation
43 M€

Implementation
62ME

Operation
1.2 M€/year

— INTERCONNECTIONS

POLITICAL SUPPORT
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European Research Infrastructure for Imaging Technologies in Biological and Biomedical Sciences
Website Headquarters Legal status Type
www.eurobioimaging.eu Euro-Biolmaging ERIC ERIC, 2019 distributed
Turku, Finland
DESCRIPTION
The European Research Infrastructure for Imaging Technologies EuroBiolmaging entered the ESFRI Roadmap in 2008 and
in Biological and Biomedical Sciences (Euro-Biolmaging, EuBI) is granted the status of Landmark in 2018. It was established as a
a distributed Research Infrastructure that provides a large-scale European Research Infrastructure Consortium (ERIC) in 2019, with
open physical access to state-of-the-art imaging technologies the support by 17 Members and one Observer. EuroBiolmaging
for life scientists in Europe and beyond. Euro-Biolmaging will ERIC consists of a set of complementary, strongly interlinked
offer access to imaging instruments, expertise, training and data and geographically distributed Nodes - specialised imaging
management services to infrastructure users and providers, both facilities - to reach European scientists in all Member States.
from academia and industry, and continuously evaluate and The infrastructure is empowered by a strong supporting and
include new imaging technologies to ensure sustainable cutting- coordinating entity, the EuBI Hub. The Hub provides the virtual
edge services. All scientists, regardless of their affiliation, area of entry point from which users are directed to their desired
expertise or field of activity can benefit from these pan-European technology as served by the respective EuBI Nodes. As of
open access services, which are provided with high-quality November 2021, EuBI provides open access to 33 Node distributed
standards by leading imaging facilities. in 14 European countries and at EMBL, offering more than 140
imaging services.
TIMELINE & ESTIMATED COSTS
2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
:RMO6 : RMOB ; RM10 : RM16 ; RM18 i RM21
Total investment mj#t ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Lapdimark ‘
o— —® :
2700 M€ : . : 2
Design : 3
not available <
Preparation e el —— E
52 M€ : i
Implementation it
not available
Operation
1.6 M€/year

— INTERCONNECTIONS

POLITICAL SUPPORT

Euro-

Bioimaging
ERIC

F

 Member|

AT, BG, CZ, DK, FR, HU,
IL, IT, NL, NO, PL, PT, SE,
SI, UK, EMBL

BE


http://www.eurobioimaging.eu

:
INFRAFRONTIER

European Research Infrastructure for the generation, phenotyping,
archiving and distribution of mouse disease models

Website
www.infrafrontier.eu

Headquarters
INFRAFRONTIER GmbH
Munich, Germany

Legal status
GmbH, 2013

Type
distributed

DESCRIPTION

The European Research Infrastructure for the generation,
phenotyping, archiving and distribution of mouse disease

models (INFRAFRONTIER) aims to build a distributed world-class
Research Infrastructure that provides the biomedical research
community with the tools needed to unravel the role of gene
function in human health and disease. By offering access to

a unique collection of mouse models and research tools and
associated data, and to state-of-the-art technologies for mouse
model development and phenotype analyses, INFRAFRONTIER
enhances medical research and promotes studies that lead to
breakthrough discoveries in cancer, metabolic and cardiovascular
diseases, lung diseases, infectious diseases and the group of rare
diseases, global threats to our socio-economic well-being.

:RMO6 : RMO8 : RM10

Totalinvestment ~ Frosct Landmark

TIMELINE & ESTIMATED COSTS

2006 2008 2010 2012 2014 2016 2018
: RM16 : RM18

INFRAFRONTIER entered the ESFRI Roadmap in 2006 and
established a Company with Limited Liability under German law
(GmbH) in 2013, based on a MoU signed by six members, research
organisations mandated by their national research ministries, and
including EMBL. The INFRAFRONTIER GmbH provides central
access to all the services of the INFRAFRONTIER Research
Infrastructure via its website. It improves access for the users, both
from academia and industry, by building capacities for systemic
phenotyping, archiving and distribution of mouse models and

by providing an efficient and transparent access process, based
on peer-evaluated scientific excellence. The INFRAFRONTIER
Research Infrastructure currently brings together 23 scientific
partners from 15 European countries and Canada.

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
: RM21

180.0 M€
Design
not available

Preparation

: 5
not available : :
R

Implementation
not available

Operation

80.0 M€/ year

— INTERCONNECTIONS

POLITICAL SUPPORT

INFRAFRONTIER
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DE

CZ, EL, FI FR, SE, EMBL



ESFRI LANDMARKS (® HEALTH & FOOD

INSTRUCT ERIC

Integrated Structural Biology Infrastructure

Website
www.instruct-eric.eu

Headquarters
INSTRUCT ERIC
Oxford, United Kingdom

The Integrated Structural Biology Infrastructure (INSTRUCT) is a
distributed Research Infrastructure that provides peer-reviewed
access to a broad palette of high-end technologies and methods,
expertise and training in structural biology. INSTRUCT major

goal is underpinning fundamental research and promoting
innovation in the biological and medical sciences by providing

an integrated approach that combines multiple technologies.
INSTRUCT is a major player in delivering this strategy by creating
close cooperation with other biological and medical sciences
Research Infrastructures and establishing international partnership
both with academia and industry supporting the biotechnology
and pharmaceutical industries, and helping to tackle the Grand
Challenges as defined by Horizon Europe.

2006 2008 2010 2012
: RMO6 RMOS8 : RM10

2014 2016

: RM16
Landmark

Totalinvestment ~ Proiect

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2018
RM18

Legal status
ERIC, 2017

Type
distributed

Entered the ESFRI Roadmap in 2006, INSTRUCT established

the European Research Infrastructure Consortium (ERIC) in 2017.
INSTRUCT ERIC consists of 15 Members, including EMBL, and one
Observer and provides access to cutting-edge technology and
scientific expertise in structural biology by means of 11 INSTRUCT
Centres. Each Centre has contributed a range of instruments to
the catalogue of platforms for a total of 26 facilities delivering

78 services. The INSTRUCT Hub acts as the point of contact and
administrative centre for all organizational and reporting activities
to the consortium and the community. Through international
collaborative projects, INSTRUCT ERIC has been able to offer
these services to users from outside Europe, outlining the
advantages at trans-continental level.

2022
RM21

2020 2024 2026 2028 2030 2032 2034 2036 2038

4500 M€
Design
50M€

Preparation
80 M€

Implementation
3250 M€

Operation
30.0 M€/ year

— INTERCONNECTIONS

POLITICAL SUPPORT

UK

 Member|

BE. CZ DK ES, FI, FR,
IL, IT, LT, LV, NL, PT, SK,
EMBL
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MIRRI

Microbial Resource Research Infrastructure

Website Headquarters
WWw.mirri.org University of Minho

Braga, Portugal

The Microbial Resource Research Infrastructure (MIRRI) is

a distributed Research Infrastructure for the preservation,
systematic investigation, provision and valorisation of microbial
resources and biodiversity. MIRRI aims to serve the Bioscience
and the Bioindustry user communities by facilitating their
access to a broad range of high-quality microbial bioresourses,
microorganisms, their derivatives, associated data and services,
with a special focus on the interconnection domains of Health &
Food, Agro-Food, and Environment & Energy. The MIRRI partners
strive to alleviate the fragmentation of bioresource holdings and
expertise, to deliver fit-for-purpose microbial material, to add
value to microbial diversity, and to discover and preserve the yet
unknown or uncultivated microorganisms.

:RMO6 : RMO8 : RM10

Total investment IFEoct

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2006 2008 2010 2012 2014 2016 2018
: RM16 : RM18

Legal status
ERIC Step2

Type
distributed

MIRRI was included in the ESFRI Roadmap 2010 and was
acknowledged as ESFRI Landmark in 2021 when it successfully
submitted the European Research Infrastructure Consortium
(ERIC) Step2 application. MIRRI brings together more than fifty
microbial domain Biological Resource Centres (mMBRCs), culture
collections and research institutes from 11 European countries.
The statutory seat of MIRRI ERIC will be located in Portugal while
the Collaborative Working Environment Hub will be operated
from Spain in cooperation with LifeWatch ERIC Common Facility
situated in Spain. The materials and services will be provided by
partners in MIRRI member countries, coordinated by their national
nodes. Users will be able to easily search MIRRI services and make
requests on the MIRRI access portal.

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
: RM21

Land'mark

not available

Design

L —————
not available :
31M€

Implementation
49 M€

Operation
0.7 M€/ year

— INTERCONNECTIONS

POLITICAL SUPPORT

ESFRI ROADMAP 2021 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES
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CTA

Cherenkov Telescope Array

Website Headquarters
www.cta-observatory.org CTAO gGmbH

Heidelberg, Germany

The Cherenkov Telescope Array (CTA) is an Observatory for
ground-based very high-energy gamma-ray astronomy. Building
on the technology of current generation ground-based gamma-
ray detectors, CTA will be ten times more sensitive and have
unprecedented accuracy in its detection of high-energy gamma
rays with more than 100 telescopes located in the northern and
southern hemispheres. CTA will provide the first complete and
detailed view of the Universe in this part of the radiation spectrum
and will contribute towards a better understanding of astrophysical
and cosmological processes, such as the origin of cosmic rays
and their role in the Universe, the nature and variety of particle
acceleration around black holes and the ultimate composition of
matter and physics beyond the Standard Model.

2006 2008 2010 2012
:RMO6 : RMO8 : RM10

2014 2016

Total investment
400.0 M€

Design
not available

Preparation
80 M€

Implementation
2970 M€

Operation
20.0 M€/ year

— INTERCONNECTIONS

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2018
: RM16 : RM18

é‘LeJnc;ark
TIe

Legal status
gGmbH, 2014

Type
single-sited

Entered in the ESFRI Roadmap 2008, CTA Observatory (CTAO)

was founded to manage the construction and operation of the
instrument. The current interim legal entity, the CTAO gGmbH

with shareholders from 11 countries plus ESO, is charged with
preparing the design and the implementation of the Observatory
and will give way to the CTAO European Research Infrastructure
Consortium (ERIC). With two host sites in the southern and
northern hemispheres - on the European Southern Observatory
(ESO) at Paranal grounds in Chile and at the Instituto de Astrofisica
de Canarias (IAC) in Roque de los Muchachos Observatory in Spain
- it will extend the study of the astrophysical origin of gamma-rays
at energies of a few tens of GeV and above, and investigate cosmic
non-thermal processes.

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038

: RM21

POLITICAL SUPPORT

T

AT, AU, CH, CZ, DE, ES,
FR, JP, SI, UK, ESO

PAG
217

ESFRI LANDMARKS


http://www.cta-observatory.org

PAG PHYSICAL SCIENCES

(® ESFRI LANDMARKS

ELI ERIC

Extreme Light Infrastructure

218 & ENGINEERING
Website Headquarters
www.eli-laser.eu ELIERIC

Dolni Brezany,
Czech Republic

The Extreme Light Infrastructure (ELI) is the world's largest and
most advanced high-power laser Infrastructure and a global
technology and innovation leader in high-power, high-intensity,
and short-pulsed laser systems. The international user facility
ELI accomodates some of the most intense lasers in the world.
ELI's lasers produce ultra-short pulses of high energy photons,
electrons, protons, neutrons, muons and neutrinos in the (sub-)
attosecond regimes on demand. In terms of research, ELI's lasers
enable a broad range of discovery possibilities from pioneering
research in physics to applications and engineering. As the
technology develops and spreads, ELI will become one of the
more cost-effective means to conduct 'big science'in physics,
biology, medicine and materials science.

:RMO6 : RMO8 : RM10

Total investment

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2006 2008 2010 2012 2014 2016 2018
: RM16 : RM18

Legal status
ERIC, 2021

Type
single-sited

In the ESFRI Roadmap since 2006, ELI established the European
Research Infrastructure Consortium (ERIC) in 2021. The ELI ERIC is
currently participated by four Members and two Observers, and is
responsible for making the ELI facilities available to the scientific
community as a single international organisation, with unified
governance and management. ELI ERIC consists of two facilities
hosting operational world-class high-power, high-repetition-

rate laser systems, specialised in different fields of research with
extreme light beams: the ELI-Beamlines in Dolni Bfezany (Czech
Republic) with the ERIC Statutory seat, and the ELI-ALPS for
Attosecond Physics in Szeged (Hungary). The forthcoming third
facility ELI-NP for Nuclear Physics is under commissioning in
Magurele (Romania).

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
: RM21

o ueae
850.0 M€ | o

Design
not available

Preparation
6.0 M€

Implementation
850.0 M€

Operation
80.0 M€/year

— INTERCONNECTIONS

POLITICAL SUPPORT

'Ss
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Extremely Large Telescope
Website Headquarters Legal status Type
elteso.org ESO ESO single-sited
Garching-bei-Munchen, EIROforum
Germany
The Extremely Large Telescope (ELT) is a revolutionary ground- The ELT is an integral part of ESO, the EIROforum organisation
based telescope that will have a 39-metre main mirror and operating facilities at a number of sites in Chile. The ELT
will be the largest visible and infrared light telescope in the programme was approved in 2012 and green light for the first
world: the world's biggest eye on the sky. In addition to this Construction Phase was given at the end of 2014. It will be
unparalleled size, the ELT will be equipped with a lineup of located at Cerro Armazones, a 3060-metres high mountain in the
cutting-edge instruments, designed to cover a wide range of central part of Chile's Atacama Desert, about 20 kilometres from
scientific possibilities. The leap forwards with the ELT can lead to Cerro Paranal, home of ESO's Very Large Telescope (VLT). From
a paradigm shift in our perception of the Universe. The ELT will construction of the immense telescope dome structure to casting
track Earth-like planets around other stars, and has the potential of the mirrors, the work on this wonder of modern engineering
of becoming the first telescope to find evidence of life outside has been made possible thanks to the spirit of collaboration. ESO
of our Solar System. It will also probe the furthest reaches of the has been working alongside a worldwide community and dozens
cosmos, revealing the properties of the very earliest galaxies and of Europe's most cutting-edge companies to bring the ELT to
the nature of the dark Universe. ‘technical first light' later this decade.
2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
:RMO6 : RMOB ; RM10 : RM16 i RM18 : RM21
Total investment mj‘e\L ‘ ‘ ‘ ‘ ‘ ‘ LJ”‘*”%“ ‘ ‘
HOSOME %H?H%HHH HH%
: : ! ! $
Design : : : 3
not available g
Preparation E
not available &
Implementation
not available
Operation
48.0 M€/ year
\ Lead
ESO
‘ ¥ The following countries are ESO

members

AT, BE, CH, CZ, DE, DK,
ES, FI, FR, IE, IT, NL, PL,
PT, SE, UK


http://elt.eso.org

PAG
220

PHYSICAL SCIENCES
& ENGINEERING

(® ESFRI LANDMARKS

EMFL

European Magnetic Field Laboratory

Website Headquarters
https:./emfleu/ EMFL AISBL

Brussels, Belgium

The European Magnetic Field Laboratory (EMFL) develops and
operates the highest possible magnetic field facilities and make
them available to the scientific community for the systematic
investigations and manipulation of material properties. The

main research activities supported by EMFL are: magnetic and
superconducting materials, strongly correlated electron systems,
low dimensional magnetic materials, nanostructured materials,
magnet design and technology, semiconductors and nano-
systems, mesoscopic physic, strongly correlated electron systems,
molecular magnetism, soft condensed matter. Very commonly,
materials research provides the basis for innovation that help
boost the economy while offering clean technology solutions to
problems we are finding ourselves faced with in today's world.

DESCRIPTION

TIMELINE & ESTIMATED COSTS

Legal status
AISBL, 2015

Type
distributed

The EMFL was founded as a legal structure in the form of an
International non-profit Association under Belgian Law (AISBL)

in early 2015 with the aim to unite, coordinate and reinforce the
existing European high magnetic field laboratories in a single body
as a world-leading Infrastructure. The EMFL formally represents
and operates tasks, in particular the access program, of the parent
laboratories: the Laboratoire National des Champs Magnétiques
Intenses (LNCMI), with its sites for pulsed fields in Toulouse and
continuous fields in Grenoble, the Dresden High Magnetic Field
Laboratory (HLD) and the High Field Magnet Laboratory (HFML)

in Nijmegen. The UK community, represented by the University of
Nottingham, joined EMFL at the end of 2015 followed by University
of Warsaw (PL) and CEA-IRFU (FR) in 2019.

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
:RMO6 : RMOS8 : RM10 : RM16 : RM18 i RM21
Total investment r%#t ‘ H ‘ ‘ ‘ ‘ ‘ ”‘g“‘”( H ‘ ‘ ‘ H
7ooNe IRHERRERRHEHERE
Design : :
not available :
Preparation e ——

not available

Implementation
not available

Operation

20.0 M€/year

— INTERCONNECTIONS
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ESRF EBS

European Synchrotron Radiation Facility Extremely Brilliant Source

Website
www.esrf fr

Headquarters
ESRF
Grenoble, France

The European Synchrotron Radiation Facility Extremely Brilliant
Source (ESRF EBS) is the upgrade of the world-leading source of
synchrotron X-rays and a centre of excellence for fundamental
and innovation-driven research in condensed and living matter
science. Operating more than 40 beamlines with state-of-the-art
instrumentation, the ESRF serves ~10.000 scientists each year
who study materials and living matter. With the Extremely Brilliant
source (EBS), the world's first fourth-generation of high-energy
synchrotron, ESRF opens new vistas for X-ray science in imaging
condensed and living matter from meter to nanometer scales,
enabling scientists to address the global challenges facing our
society such as health, climate changes and environment, but also
energy and innovative industry.

2006 2008 2010 2012
:RMO6 : RMO8 : RM10

2014 2016 2018

Total investment
1280 M€

Design
10M€

Preparation
10 M€

Implementation

DESCRIPTION

TIMELINE & ESTIMATED COSTS

: RM16 : RM18

Legal status Type
ESRF single-sited
EIROforum

Since its inception in 1988, the ESRF has driven synchrotron
science worldwide. The ESRF partner countries from Europe

and beyond - with the successful within-budget and on-time
realisation of the EBS programme - have set a new standard in
international collaboration. The ESRF EBS (Extremely Brilliant
Source) is the facility upgrade that led to opening, in August 2020,
the completely rebuilt first fourth-generation high-energy storage
ring, bringing its scientific users a unique, low-emittance source
and new, cutting-edge beamlines. With a revolutionary new
storage ring concept that increases the brilliance and coherence
of the X-ray beams produced by a factor of 100 compared to
present-day light sources, ESRF EBS represents a new generation
of synchrotron and an extraordinary new tool for scientists to study
the heart of matter.

2020 2022

: RM21

2024 2026 2028 2030 2032 2034 2036 2038

ESFRI LANDMARKS

150.0 M€

Operation
82.0 M€/ year

— INTERCONNECTIONS

POLITICAL SUPPORT
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The following countries are ESRF
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t' BE, CH, DE, DK, ES, FI,
FR, IT, NL, NO, RU, SE,
N b



PAG
222

PHYSICAL SCIENCES
& ENGINEERING

(® ESFRI LANDMARKS

European Spallation Source ERIC

European Spallation Source

Website Headquarters
https:.//europeanspalla- ESS ERIC
tionsource.se/ Lund, Sweden

The European Spallation Source (ESS) is a single-sited, multi-
disciplinary Research Infrastructure based on the world's most
powerful neutron source. The ESS will use nuclear spallation, a
process in which neutrons are liberated from heavy elements by
high energy protons, a much safer process than nuclear fission
used by other operating facilities. The ESS will provide up to 100
times brighter neutron beams than currently available at existing
facilities and thus empowering the study of the structure and
function of matter from the microscopic down to the atomic scale.
The ESS will enable scientific breakthroughs in research related
to materials to improve and develop new solutions for health,
environment, clean energy, and help addressing some of the most
important societal challenges of our time.

DESCRIPTION

TIMELINE & ESTIMATED COSTS

Legal status
ERIC, 2015

Type
single-sited

The European Spallation Source became a European Research
Infrastructure Consortium (ERIC) in 2015 supported by thirteen
Founding Member countries and bringing together around

40 European partners and more than 130 global institutions.

ESS is currently under construction in Lund (Sweden) and the
Data Management and Software Centre (DMSC) is based in
Copenhagen (Denmark). The ESS ERIC has a large network of
laboratories to exchange knowledge, personnel and experience,
and that in many cases will contribute directly through in-kind
contributions which are expected to finance more than 35% of the
total construction costs. When the ESS User Programme is full
established, an estimated two to three thousand visiting scientists
will come to ESS annually to perform experiments.

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
:RMO6 : RMOB ; RM10 : RM16 : RM18 : RM21
Total investment "ge% ‘ ‘ ‘ ‘ ‘ ‘ ndmark ‘ ‘
soosoke | HERE
Design : | | cmmm— : :
not available
Preparation —
2630 M€ :
Implementation
2746.0 M€
Operation
140.0 M€/ year
— INTERCONNECTIONS POLITICAL SUPPORT
DK, SE
;‘
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European XFEL

European X-Ray Free-Electron Laser Facility

Website
www.xfeleu

Headquarters
European XFEL GbmH
Schenefeld, Germany

The European X-Ray Free-Electron Laser Facility (European XFEL)
is a world leading Research Infrastructure for the generation

of ultrashort X-ray flashes - 27,000 times per second and with

a brilliance that is a billion times higher than that of the best
conventional synchrotron X-ray radiation sources. The world's
largest X-ray laser creates all-new research opportunities for
scientists and industrial users, pushing forward the frontiers of
scientific knowledge and thus enabling us to solve major societal
challenges. Using the X-ray flashes of the European XFEL,
scientists are able to map the atomic details of viruses, decipher
the molecular composition of cells, take three-dimensional
images of the nanoworld, film chemical reactions, and study
processes such as those occurring deep inside planets.

2006
:RMO6 : RMO8 : RM10

st

. ‘ ‘ ‘ ‘ Lal lu%‘ nark
Total investment

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2008 2010 2012 2014 2016 2018
: RM16 : RM18

Legal status Type
European XFEL single-sited
EIROforum

The European XFEL was constructed and founded as a non-profit
Company with Limited Liability under German law (GmbH) since
2009 as a joint effort of many partners participating in the project.
To this end, the European XFEL GmbH cooperates closely with
the DESY research centre and other organizations worldwide.

To a great extent, the European XFEL facility was realised by
means of in-kind contributions by shareholders and partners. The
European XFEL is located mainly in underground tunnels which
can be accessed on three different sites. The 3.4 kilometre-long
facility runs from the DESY campus in Hamburg to the town of
Schenefeld in Schleswig-Holstein. At the research campus in
Schenefeld, teams of scientists from all over the world carry out
experiments using the X-ray flashes since 2017.

2020 2022 2024 2026 2028
: RM21

2030 2032 2034 2036 2038

15400 M€ o

Design
not available

Preparation
263.0 M€

Implementation
15400 M€

Operation
137.0 M€ /year

— INTERCONNECTIONS

POLITICAL SUPPORT

European

XFEL

European XFEL

The following countries are European
XFEL members

t’g CH, DE, DK, ES, FR, HU,

IT,. PL. RU, SE, SK, UK
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FAIR

Facility for Antiproton and lon Research

Website Headquarters
www.gside/en/resear- FAIR GmbH

chaccelerators/fair Darmstadt, Germany

The Facility for Antiproton and lon Research (FAIR) is a new
complex accelerator providing high-energy, high-intensity
primary and secondary beams of antiprotons and ions to enable
forefront research into the structure and dynamics of matter under
extreme conditions. In close cooperation with astronomers, who
use telescopes to view the Universe at a distance, the scientists
at FAIR will directly create and examine cosmic matter in the
laboratory, thereby providing new insights into the evolution of
the Universe and the nucleosynthesis in stars and star explosions.
In addition to the fundamental science research, FAIR is focusing
on applications like radiobiological risk assessments for manned
space missions, material sciences, plasma physics studies, and
radiotherapy research.

2006 2008 2010 2012
:RMO6 : RMOS8 : RM10

e

2014 2016

3
ndmark

Total investment

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2018
: RM16 : RM18

Legal status
GmbH, 2010

Type
single-sited

The FAIR was established as a Company with Limited Liability
under German law (GmbH) in 2010, when ten countries - the
shareholders of the FAIR GmbH - signed the international
agreement for the construction of the FAIR facility in Darmstadt. In
total over 50 countries are involved in the FAIR science program
by contributing to the construction and to the exploitation of the
FAIR detectors. The FAIR experiments are organized in four large
collaborations: APPA, CBM, NUSTAR and PANDA encompassing
more than 2,500 scientists in total. FAIR is expected to deliver
first beams for science experiments in 2025. Partial operation -
FAIR Phase 0 science programme - has started in 2018 with the
upgraded GSl accelerators, which will serve as injector chain for
FAIR, and the new FAIR storage ring CRYRING.

2020 2022

: RM21

2024 2026 2028 2030 2032 2034 2036 2038

not available

Design
not available

Preparation
not available

Implementation

35000 M€

Operation
not available

— INTERCONNECTIONS
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HL-LHC

High-Luminosity Large Hadron Collider

Website Headquarters
https:/hilumilhc.web. CERN
cern.ch/ Geneva, Switzerland

The High-Luminosity Large Hadron Collider (HL-LHC) is an
upgrade of the LHC which aims to achieve instantaneous
luminosities a factor of five larger than the LHC nominal value,
thereby enabling the experiments to enlarge their data sample
by one order of magnitude compared with the LHC baseline
programme. Following five years of design study and R&D, this

project will require about ten years of developments, prototyping,

testing and implementation with operation expected to start in
the second half of this decade. The timeline is dictated by many
critical components of the accelerator ending their lifetime and
need to be replaced. The upgrade phase is therefore crucial not
only for the full exploitation of the LHC physics potential, but also
to enable operation of the collider beyond 2027.

2006 2008 2010 2012 2014 2016 2018
:RMO6 : RMOS8 : RM10 : RM16
L n(in*ark

Total investment
1408.0 M€

Design
2050 M€

Preparation
340 M€

Implementation
1169.0 M€

Operation
136.0 M€/ year

— INTERCONNECTIONS

DESCRIPTION

TIMELINE & ESTIMATED COSTS

RM18

Legal status Type
CERN single-sited
EIROforum

The Large Hadron Collider (LHC) at CERN has been exploring

the high-energy frontier since 2010 and attracts a global user-
community of more than 7,000 scientists spanning more than 60
countries. In July 2012 the LHC experiments, ATLAS and CMS,
announced the first major discovery: the long-sought Higgs boson,
the cornerstone of the Standard Model (SM) of Particle Physics.
After a two-year long shutdown, the LHC restarted delivering
proton-proton collisions at a record of 13 TeV centre-of-mass
energy in spring 2015. In order to further increase its discovery
potential around the mid-2020s, LHC would eventually need an
upgrade to increase the total number of collisions by a factor of 10.
How this upgrade can be technically achieved is at the heart of the
High Luminosity LHC project.

2020 2022

RM21

2024 2026 2028 2030 2032 2034 2036 2038

POLITICAL SUPPORT

CERN

The following countries are CERN
members

AT, BE, BG, CH, CZ, DE,
DK, EL, ES, FI, FR, HU, IL,
IT. NL, NO, PL, PT, RO,
RS, SE, SK, UK

¥
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226 & ENGINEERING
Institut Max von Laue - Paul Langevin
Website Headquarters Legal status Type
www.ill.eu ILL ILL single-sited
Grenoble, France EIROforum

The Institut Max von Laue - Paul Langevin (ILL) is the leading
international research facility for neutron science and technology.
The reactor provides intense beams of neutrons that enable

a large and diverse scientific community of visiting academic

and industrial researchers to make new scientific advances

and discoveries. The ILL suite of highperformance instruments

is constantly developed and upgraded aiming at improving
operation, adapting the instrumentation to new research
environments and offering new innovative techniques. Research
at the ILL addresses critical challenges across areas ranging from
the study of the origin of the Universe to the understanding of viral
diseases in living organisms. The ILL devotes a large part of its
activity to new energies and the environment.

DESCRIPTION

TIMELINE & ESTIMATED COSTS

Entered in the ESFRI Roadmap in 2006 with the ILL 20/20
project, ILL continuously developed programmes to support the
overall upgrade of the instrument suit. By 2023, a two-decade
campaign of improvements to the reactor and instruments will be
complete, positioning researchers to carry out completely new
types of experiments. The sixth protocol, recently signed by ILL's
Associate countries, extends the original agreement from 1971
for the period 2024 to 2033. In partnership with ILL's Scientific
Member countries, the commitment expressed in the protocol will
ensure that European researchers have access to world-leading
neutron scattering capabilities for break-through discoveries thus
contributing to Europe's competitiveness in areas addressing the
most challenging questions facing our societies.

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
:RMO6 : RMOB : RM10 : RM16 : RM18 : RM21
Total investment 'q‘e% ‘ : ‘ d ‘ ‘ ‘ ‘ namare | ‘ ‘ :
weome E TEl il T 1 1] HERE
Design : : : : :
not available : :

14 M€
Implementation

not available
Operation

100.0 M€ /year

— INTERCONNECTIONS
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POLITICAL SUPPORT

ILL

P m

The following countries are ILL members
\.!“ AT, BE, CH, CZ, DE. DK,
‘tpg’ ES, FR, IT, PL, SE, SI, SK,
UK
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SKAO

Square Kilometre Array Observatory

Website Headquarters
www.skao.int Jodrell Bank
Lower Withington,

United Kingdom

The Square Kilometre Array Observatory (SKAQ) is a global

effort to build and operate the largest and most sensitive radio
telescope on Earth, with eventually over one million square
metres of collecting area. SKAO will be able to look back into

the furthest reaches of the cosmos to study the first structures in
the Universe, as well as probing the nature of gravity and cosmic
magnetism and exploring the origins of life itself. The scale of
the SKA represents a huge leap forward in both engineering and
research & development towards building and delivering a unique
instrument, with the detailed design and preparation under way.
As one of the largest scientific endeavours in history, the SKA will
bring together a wealth of the world's finest scientists, engineers
and policy makers to bring the project to fruition.

2006 2008
: RMO6

2010 2012
: RMO8 : RM10

2014 2016

Total investment rol%t “ “ ‘ ‘ ‘ ‘L"'“‘-‘”"K

DESCRIPTION

TIMELINE & ESTIMATED COSTS

2018
: RM16 : RM18

Legal status
SKA Organisation, 2011

Type
single-sited

The SKA Project is led by the SKA Organisation, a not-for-profit
company established in December 2011 to formalise relationships
between the international partners and centralise the leadership
of this grand endeavour. Whilst 14 member countries are the
cornerstone of the SKAO, around 100 organisations across about
20 countries are participating in its design and development. In
2012, the members of the SKAO agreed on a dual site location for
the SKA telescope in the deserts of South Africa and Australia,
while the site for the Headquarters was established in the UK. The
Construction Phase has started in 2021 with early science foreseen
in 2025, providing an operational array of telescopes capable of
carrying out some of the key science set by the community, before
scaling up to the full SKAO by 2030s.

2020 2022

: RM21

2024 2026 2028 2030 2032 2034 2036 2038

1986.0 M€ .‘ HEHEEER . |

not available : :
Preparation
not available

Implementation
not available

Operation
770 M€/ year

— INTERCONNECTIONS

'S

POLITICAL SUPPORT

SKAO

!  Member|
The following countries are SKAO
members

AU, CA, CH, CN, DE, ES,
FR, IN, IT, NL, PT, SE, UK,
ZA
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SPIRAL2

Systeme de Production d'lons Radioactifs en Ligne de 2e génération

Website Headquarters Legal status Type
www.ganil-spiral2.eu GANIL GANIL single-sited

Caen, France

DESCRIPTION

The Systeme de Production d'lons Radioactifs en Ligne de 2e SPIRAL2 LINAC (LINear ACcelerator) is part of the GANIL facility in
generation (SPIRAL2) is a linear particle accelerator facility to Lower Normandy (Caen, France), one of the leading laboratories
extend significantly the actual possibilities of Radioactive lon in the world engaged in research with ion beams. Entered in
Beam (RIB) to study fundamental nuclear physics and related the ESFRI Roadmap in 2006, the SPIRAL2 project has been
applications. The impact of SPIRAL2 is enabling a scientific almost financed by the regional authority and the French funding
programme based on unique high-intensity beams of light, agencies CNRS and CEA. It started the Preparation Phase in 2007
heavy-ions and neutrons well suited to address the most with the main goal to develop and sign the consortium agreement
challenging nuclear and astrophysics questions aiming at the allowing for the construction and operation of the facility as a
deeper understanding of the nature of atomic nucleus. SPIRAL2 fully international structure. Commissioned since 2010, SPIRAL2
will contribute to the physics of nuclear fission and fusion based can accelerate lighter nuclei than the GANIL cyclotrons, thereby
on the collection of unprecedented detailed fundamental nuclear extending the research done until now. In Operation Phase

data, and to the production of rare radioisotopes for medicine, to since 2020, it is currently delivering science as a scientific and
radiobiology and to materials science. technologic complement to the existing infrastructure GANIL.

TIMELINE & ESTIMATED COSTS

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
:RMO6 : RMOS8 : RM10 : RM16 : RM18 : RM21

Total investment 'Cée% “ “ ‘ ‘ ‘ ‘ “%""k ‘ ‘ ‘
et HEHEHEREREHEIEE

Design
11o0M€

Preparation
39MEe

Implementation
2924 M€

Operation
52 M€/year

— INTERCONNECTIONS POLITICAL SUPPORT

FR

) §
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INNOVATION
Consortium of European Social Science Data Archives
Website Headquarters Legal status Type
www.cessda.eu CESSDA ERIC ERIC, 2017 distributed

Bergen, Norway

The Consortium of European Social Science Data Archives
(CESSDA) is a distributed Research Infrastructures serving as a
large-scale, integrated and sustainable platform for data services
relevant to the Social Sciences. It supports high-quality, national
and international research and cooperation by bringing together
Social Science data archives across Europe, and expand easy
access to data and metadata regardless of borders. CESSDA is
aiming at facilitating social, economic and political research, thus
contributing to the production of effective solutions to the major
challenges facing society today. CESSDA supports continuous
learning and training of its data providers and user community

to cover research data management, data discovery and reuse,
digital preservation and data archiving.

DESCRIPTION

TIMELINE & ESTIMATED COSTS

Since its establishment in 1976, CESSDA served as an informal
umbrella organisation for European national Social Science data
archives. In the ESFRI Roadmap since 2006, CESSDA has been
listed as success story in the Roadmap 2010 and was recognised
as ESFRI Landmarks in 2016. It became a legal institution limited
company under Norwegian law (CESSDA AS) in 2013 and then
an European Research Infrastructure Consortium (ERIC) in 2017.
Norway is hosting CESSDA, and the main office is located in
Bergen. Presently 16 countries are Members of the Consortium
and one country is a formal Observer, each represented by a
national institution providing relevant services. Additionally,
Social Science data archives from other European countries

are cooperating, taking part to some activities or aiming at
membership.

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
ERMOG RMO8§ RM10 RM16 RM18 RM21
Total investment r°je4t ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Landmark ‘ ‘ ‘
wobe (ST T LT 1T
Design 5 5
40 M€ ; g
Preparation —
27 M€ : :
Implementation —
780 M€
Operation
39.0 M€/ year
— INTERCONNECTIONS POLITICAL SUPPORT
.
=
A | Member
3. e AT, BE, CZ, DE, DK, EL,
Y FIFR, HR, HU, IE, IS, IT,
T MK, NL, PT, RS, SE, SI.
, ' o SK, UK
] f‘.

~
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CLARIN ERIC

Common Language Resources and Technology Infrastructure

230 INNOVATION
Website Headquarters
www.clarin.eu CLARIN ERIC

Utrecht, The Netherlands

The Common Language Resources and Technology Infrastructure
(CLARIN) is a distributed Research Infrastructure that provides
easy and sustainable access for scholars in the Humanities and
Social Sciences to FAIR digital language data - in written, spoken
or multimodal form - and advanced tools to discover, explore,
exploit, annotate, analyse or combine them, independent of their
location. CLARIN is building a networked federation of language
data repositories, service centres and centres of expertise, with
single sign-on access for all members of the academic community
in all participating countries. Tools and data from different centres
are interoperable, so that data collections can be combined and
tools from different sources can be chained to perform complex
operations to support researchers in their work.

DESCRIPTION

TIMELINE & ESTIMATED COSTS

Legal status
ERIC, 2012

Type
distributed

Entered in the ESFRI Roadmap 2016, CLARIN became a European
Research Infrastructure Consortium (ERIC) in 2012. Since then
several countries have joined either as full Member, or as
Observer. The ultimate goal is to include all European countries
as well as any interested third countries in or outside Europe.

The majority of operations, services and centres of the CLARIN
infrastructure is provided and funded by CLARIN Members (and
Observers). They set up a national consortium, typically consisting
of universities, research institutions, libraries and public archives,
of which at least one has the status of CLARIN Centre which is
expected to create and provide access to digital language data
collections, and digital tools and expertise for researchers to work
with them.

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
:RMO6 : RMOS8 : RM10 : RM16 : RM18 : RM21
Total investment '%%t ‘ ‘ ‘ g ‘ ‘ ‘ ‘ ‘ "%‘%“Frk‘ g ‘ ‘ ‘ g
rotavalble IET L D LT IEE TEETTS
Design : : : : : :
not available : :
Preparation i——
40 M€ é é
Implementation ——

not available
Operation

14.0 M€/ year

— INTERCONNECTIONS

POLITICAL SUPPORT
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INNOVATION 231
Digital Research Infrastructure for the Arts and Humanities
Website Headquarters Legal status Type
www.dariah.eu DARIAH ERIC ERIC, 2014 distributed
Paris, France
The Digital Research Infrastructure for the Arts and Humanities Entered in the ESFRI Roadmap 2006, DARIAH was established
(DARIAH) is a distributed Research Infrastructure to enhance and as a European Research Infrastructure Consortium (ERIC) in 2014.
support digitally-enabled research and teaching for Arts and DARIAH was awarded Landmark Status in 2016 as a Research
Humanities. DARIAH is a network of people, expertise, information,  Infrastructure that reached its Implementation Phase and
knowledge, content, methods, tools and technologies from was considered a pan-European hub of scientific excellence.
its member countries. It develops, maintains and operates an Currently, DARIAH has 20 Members, one Observer and several
Infrastructure that sustains researchers in building, analysing and Cooperating Partners in six non-member countries. Structurally,
interpreting digital resources. By working with communities of DARIAH operates through the Europe-wide networks of the Virtual
practice, DARIAH brings together state-of-the-art digital arts and Competency Centres (VCCs) and their constituent Working Groups.
humanities activities and scales their results to a European level. Each of the four VCCs is cross-disciplinary, multi-institutional,
It preserves, provides access to and disseminates research that international and centred on a specific area of expertise. Within
stems from these collaborations and ensures that best practices, this structure, DARIAH has over 20 dynamic Working Groups to
methodological and technical standards are followed. integrate national services under specific operational categories.
2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
:RMO6 : RMOB ; RM10 i RM16 : RM18 : RM21
Total investment r°je4t ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Landmark ‘ ‘ ‘
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Implementation _
33ME
Operation _
0.7 M€/year
Lead
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ESS ERIC

European Social Survey

232 INNOVATION
Website Headquarters
www.europeansocialsur- ESS ERIC
vey.org London, United Kingdom

The European Social Survey (ESS) is an academically driven cross-
national survey that has been conducted across Europe since
2001. Every two years, face-to-face interviews are conducted with
newly selected, cross-sectional samples. The ESS Rl assembles,
interprets and disseminates data on social attitudes and
behaviours that are gathered in each of the participating countries.
It responds to the academic, public policy and societal needs

to understand social stability and change within the European
context. The topics of the ESS include: citizen involvement and
democracy, family and working life, personal and social well-
being, attitudes to and experiences of ageism as well as trust in
institutions. The survey allows for new topics to be introduced over
time via an open academically-led competition.

DESCRIPTION

TIMELINE & ESTIMATED COSTS

Legal status
ERIC, 2013

Type
distributed

The ESS was established as European Research Infrastructure
Consortium (ERIC) in November 2013. Currently, 25 countries

are Members, one Observer and 6 Guest providing data on
attitudes, beliefs and behaviour. ESS is coordinated by the

Centre for Comparative Social Surveys (City University, London)

in partnership with the Catholic University of Leuven (BE); GESIS
(DE); NSD (NO); SCP (NL) and the University of Amsterdam. Ten
round surveys have been run since 2001 monitoring change and
continuity in a range of social variables including social and public
trust; political interest and participation; socio-political orientations;
media use; moral, political and social values; social exclusion,
national, ethnic and religious allegiances; well-being, health and
security; demographics and socio-economics.

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
:RMO6 : RMO8 : RM10 : RM16 : RM18 : RM21
. ro:e t i
Total investment é% ‘ : ‘ ‘ H ‘ ‘ ‘ ‘ ‘ "’a%&‘“#rk‘ H ‘ ‘ ‘ H
e e e T T T
Design : : : : :
15M€

Preparation
not available

Implementation
6.4 M€

Operation

6.4 M€/ year

— INTERCONNECTIONS
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SHARE ERIC

Survey of Health, Ageing and Retirement in Europe

Website Headquarters
www.share-project.org SHARE ERIC

Munich, Germany

The Survey of Health, Ageing and Retirement in Europe (SHARE)
is a Research Infrastructure for studying the effects of health,
social, economic and environmental policies over the life-course
of European citizens and beyond. From 2004 until today, 480,000
in-depth interviews with 140,000 people aged 50 or older from 28
European countries and Israel have been conducted. Thus, SHARE
is the largest pan-European social science panel study providing
internationally comparable longitudinal micro data which allows
insights in the fields of public health and socio-economic living
conditions of European individuals, both for scientists and

policy makers. SHARE has global impact since it additionally is
embedded in a network of sister studies all over the world, from
the Americas to Eastern Asia.

DESCRIPTION

TIMELINE & ESTIMATED COSTS

INNOVATION
Legal status Type
ERIC, 2011 distributed

SHARE was selected in the ESFRI Roadmap 2006 and given a
new legal status as the first ever European Research Infrastructure
Consortium (ERIC) in 2011. SHARE is centrally coordinated at

the Munich Center for the Economics of Aging (MEA), a division
of the Max Planck Institute for Social Law and Social Policy. To
date, SHARE has collected eight panel Waves of current living
circumstances and two waves of retrospective life histories. In
March 2020, the outbreak of COVID-19 hit SHARE in the middle
of its 8th Wave of data collection and the fieldwork had to be
suspended. A first release of SHARE's new Wave 8 COVID-19 data
has been published in December 2020. In 2021, regular SHARE
Wave 8 data is published and a second SHARE Corona Survey is
implemented in all SHARE member countries.

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
:RMO6 : RMOS8 : RM10 : RM16 : RM18 : RM21
Total investment r%‘#t ‘ “ ‘ ‘ ‘ ‘L"‘"""”‘ ‘ ‘ ‘
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D§5|gn : : : :
not available :
Preparation —
37M€ : : :
Implementation
33ME€
Operation
17 M€/year
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ESFRI WORKING GROUPS

STRATEGY WORKING GROUPS

DATA, COMPUTING & DIGITAL RESEARCH INFRASTRUCTURES

CHAIR MEMBERS
BOE Gunnar Norway RENNER Christian Germany
CHOIRAT Christine Switzerland RUGGERI Federico Italy
COPPENS Frederik Belgium SARACCO Lorenza EC Representative
DEMOVIC Lukas Slovakia STERLE Peter Slovenia
FRABOULET David France SVENSON Gunilla Sweden
KOPPEL Ivar Estonia TEMIZSOYLU Onur Turkey
MEYER Norbert Poland VAN RIJN Arjen The Netherlands
Ana PROYKOVA PALKOVIC Martin Czech Republic VERSCHEURE Olivier Switzerland
Sofia University PLEXOUSAKIS Dimitris Greece
Faculty of Mathematics
and Informatics
Bulgaria
anap@phys.uni-sofia.bg
KURKI-SUONIO Taina Finland
ARZBERGER Isolde Germany PEDERSEN Kjeld Denmark
DEWALLEF Pierre Belgium RIPANI Marco Italy
FATTORETTO Claudio EC Representative ROBERTS Roland Sweden
JEENINGA Harm The Netherlands SARLER Bozidar Slovenia
Minh Quang TRAN LISKA Peter Slovakia STEKL Ivan Czech Republic
Swiss Federal Institute of MEALLY Declan Ireland ZAKRZEWSKA- Poland
Technology - EPFL MONTAGNE Xavier France KOLTUNIEWICZ Grazyna
Switzerland
minhquang.tran@epfl.ch
ENVIRONMENT
CHAIR VICE CHAIR
VERREET Gert Belgium
MEMBERS
AMIRIDIS Vassilis Greece LOLLI Simone Italy
AYOL Azize Turkey MIKKELSEN Teis Norgaard Denmark
BALTENSPERGER Urs Switzerland MITEV Krasimir Bulgaria
BEGUSCH-PFEFFERKORN Austria MIZGAJSKI Andrzej Poland
Jean-Marie FLAUD Karolina PIPAN Tanja Slovenia
Ministry for Higher Education, BUCHERT Johanna Finland ROBIJN Marjolein The Netherlands
Research and Innovation FIGUEIRA Rui Portugal ROBIN Agnés EC Representative
France FRIBERG Magnus Sweden SOBOTOVA Lydia Slovakia
jean-marie.flaud@recherche.gouv.fr )
GAULT Jeremy Ireland SORVARI SUNDET Sanna (2021) Finland
KLANOVA Jana Czech Republic STANCIU Irina Romania

LEHMANN Steffi
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HEALTH & FOOD

CHAIR

Radislav SEDLACEK

Czech Academy of Sciences
Institute of Molecular Genetics
Czech Republic
radislav.sedlacek@img.cas.cz

MEMBERS

ANVRET Maria
AYTUNGA ARIK KIBAR
Emine

BANCI Lucia
BERTRAM

Hanne Christine
DIEMEL Rob (2020)
GUITTET Eric

HOLTEL Andreas
KOLESAROVA Adriana (2020)
KOLLIAS George

Sweden
Turkey

Italy
Denmark

The Netherlands
France

EC Representative
Slovakia

Greece

ASSOCIATE EXPERT FOR FOOD DOMAIN

LAGREID Astrid
LOHMANN Karin
MARTIJNTJE Bakker
MURPHY Helen
NEMEGHAIRE Stéphanie
NOVAK Michal

ROZMAN Damjana
SAMBAIN Brigitte
SOARES Luis
SOBCZACK Dominik (2021)
XENARIOS loannis

Norway

Germany

The Netherlands
Ireland

Belgium

Slovakia

Slovenia

EC Representative
Portugal

EC Representative
Switzerland

CERIOTTI Aldo (2021) Italy
CHAIR VICE CHAIR
TEMST Kristiaan Belgium
MEMBERS
ALEXOPOULOQOS Theo Greece MARTINS Rene EC Representative
BIARROTTE Jean-Luc (2021) France MATHON Marie-Héléne France
BIESIADA Marek Poland NAKADA Tatsuya Switzerland
CEH Miran Slovenia PESCHKE Christoph Germany
José Luis MARTINEZ PENA DE SILVESTRI Sandro Italy PETRILLO Caterina Italy
Higher Council for Scientific FAGAS Georgios Ireland RIISAGER Karsten Denmark «
Research GAARDH®JE Jens Jorgen Denmark SITAR Branislav Slovakia z
) o z
Spain GENOVA Francoise France TRAVNICEK Petr Czech Republic <
martinez@icmm.csic.es HUOTARI Simo Finland VAN DEN HOUT Michiel The Netherlands
KLOO Lars Sweden YESILYAPRAK Cahit Turkey
Assistant - Rafael RAMIREZ KOLEVA Mina EC Representative
JIMENEZ
OBSERVERS
BUTTERWORTH Jonathan CERN MEYER Uwe JINR, Deputy
IVISON Robert Julian ESO, Deputy SHARKOV Boris JINR
LEWITOWICZ Marek NuPPEC WILLIAMS Andrew ESO
CHAIR VICE CHAIR
LUTZ Georg Switzerland
MEMBERS
BAKILER Meric Turkey MURPHY Orla Ireland
CHAUDHURI Basudeb France NEELS Karel Belgium
DIJKSTRA Alice The Netherlands REITER-PAZMANDY Matthias  Austria
EDLING Christopher Sweden SCHINDEL Klaus Germany
Bente MAEGAARD FEDAKOVA Denisa Slovakia SNELLMAN Hanna Finland
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