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FOREWORD

ESFRI CHAIR
Prof. Giorgio ROSSI

Dear Ministers,
Dear Commissioners,

the European Strategy Forum on Research Infrastructures presents to
you the updated Strategy Report and Roadmap 2018 that identifies eight
scientifically leading Projects from previous Roadmaps which, after ten
years of incubation, have reached the operational phase, or are well
advanced in their construction, and deserved the ESFRI Landmark status,
as well as six new Projects that were selected, among the collected
proposals, for their strategic potential and impact for strengthening
European research.

The strategy report addresses also all the key issues that were raised by
you, through the subsequent mandates that the Council gave to ESFRI,
ranging from sustainability of Research Infrastructures to innovation and
to the role of hub of funders that ESFRI must play in the e-Infrastructure
for European scientific competitiveness, including the challenging
contribution to the construction of Open Science.

ESFRI has engaged in all these issues by deploying the expertise of the
Forum, the Strategy Working Groups, the Implementation Group and the
ad hoc Working Groups that were created on specific themes, putting at
work together competences at the highest level and reaching a common
vision.

The Roadmap is a collective work: as many as 100 individuals from all
over Europe were involved in the writing if we count all Working Groups
providing analysis and knowledge, the whole Forum extensively involved
in discussing and refining the drafts along with the European Commission
Officers and Secretariat, and the editorial team who managed the
production of this document that represents the state-of-the-art of
ESFRI: a collective vision for European Research Infrastructures to inspire
European policy for maximizing competitiveness.

In fact, the impact of this work goes beyond the achieved technical and
strategy report: it is a vivid demonstration of the high merit and potential
of European collaboration in developing visions and sustainable
perspectives for progress, in the spirit of freedom, of the rich culture that
derives from the specialities that all of us represent and that we knew how
to bring together, for reaching a synthesis and a pleasant perspective.

——<h
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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 features of the ESFRI Roadmap 2018 with emphasis on: i) the reinforced strategic role of
PA R I 1 the Landmarks portfolio of long-term engagements carrying out the completion and the operation of

PAG (7

reference Research Infrastructures in all domains of research:; ii) the new entries in the list of the ESFRI

Projects, reinforcing critical areas of competitiveness of European research. The list of 18 ESFRI Projects
and 37 ESFRI Landmarks is presented: each Rl is identified by acronym, full name, type of R, legal status, year of
entry in the Roadmap, year of expected start of operation and estimated costs. This part also includes an analysis of
the evolving role of the Rls, which reflects the specific mandates from the European Council to address the FAIR -
Findable, Accessible, Interoperable, Reusable - data principles and e-Infrastructure, the Long-Term Sustainability
and the benefits for innovation. We summarise the applied ESFRI Methodology and introduce the challenges for
its future refinement based on the lessons learnt during this Roadmap exercise. The background of ESFRI and its
history over the last 16 years complete PART1.

is the Landscape Analysis that provides the current context of the most relevant Research Infrastruc-
tures that are available to European scientists and to technology developers typically through peer
review of competitive proposals. The unique contribution played by the ESFRI RIs in all scientific do-

PAG 41

mains is analysed along with the interconnections and cross-cutting aspects of the whole European
Rls ecosystem.

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

NN

The Landscape Analysis is organised in three sections.

SECTION1 consists of six chapters - one per scientific domain - and 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.

SECTION2 is an all-new analysis effort to render explicit the relevant connections that already exist among different
thematic areas by means of the ESFRI RIs, and to identify the critical needs and opportunities for new links and new
research practices.

SECTIONS3 describes the state of play of Research Infrastructures in addressing transversal issues like education
and training, needs for digital infrastructure, contribution to innovation along with the horizontal analyses like so-
cio-economic impact, territorial impact, pan-European and global dimensions that are carried out by all Ris.

The LA indicates also high strategic potential areas of research in the field of Social & Cultural Innovation that resulted
from the Roadmap preparation work.

describes - through dedicated cards - each ESFRI Project and each ESFRI Landmark. A short descrip-
tion of the Rl is given as well as updated information on the legal status, the timeline for construction/
operation, and the estimated costs. The information on the political support to ESFRI RIs, expressed

PAG 195
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by Governments 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

ROADMAP
& STRATEGY REPORT

The European Strategy Forum on Research
Infrastructures (ESFRI) periodically updates its
Roadmap as mandated by the Competitiveness
Council of the European Union to provide a coherent
and strategic vision ensuring that Europe has excellent
Research Infrastructures (RIs) in all fields of science and
innovation*=z,

This ESFRI Roadmap 2018 is an update of the previous ESFRI Roadmap 2016, accounting
for the results of the end of the ten-year cycle of those ESFRI Projects that entered in 2008
and the outcomes of the selection of new proposals. It also suggests a vision on the future
evolution of ESFRI activities and methods.

ESFRI RIs 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 do-
mains. They include: major scientific equipment - or sets of instruments; knowledge-based
resources like collections, archives and scientific data; e-Infrastructures, such as data and
computing systems and communication networks; and any other tools that are essential to
achieve excellence in research and innovation.

Ris are implemented with different organisation models: single-sited Research Infrastructures
- namely large research plants in a single or a few fully dedicated sites as astronomy and
astrophysics telescopes, accelerator based sources, nuclear reactor sources, extreme la-
ser sources; or distributed Research Infrastructures - e.g. networks of observatories of the
earth, oceans, biodiversity; multiple operational sites in the health and food domain; sur-
veys and longitudinal studies of the European population; collections of physical or digital
information; innovation in heritage and culture; very large computational resources. In all
cases, Rls offer physical access to the researchers and/or remote use (see BOX 1).

ESFRI selects proposals of Ris that become ESFRI Projects and have up to ten years to
reach implementation, and identifies successfully implemented Rls in the class of ESFRI
Landmarks (see BOX 2).

1
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://data.consilium.europa.eu/doc/document/ST-10257-2014-INIT/en/pdf

2.
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

3.
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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SINGLE-SITED RESEARCH INFRASTRUCTURES

Single-sited RIs are central facilities geographically localised in a single site or in a few dedicated complementary sites de-
signed for user access, whose governance is European or international. A single-sited Rl needs to: i) have a legal status and a
governance structure with clear responsibilities and reporting lines, including international supervisory and relevant external
advisory bodies; ii) have an access policy* and access point for external users facilitating the submission of proposals and a
user programme absorbing a considerable fraction of the total capacity of the RI; iii) have a user support structure to optimise
access to the relevant site, such as users office, ancillary laboratories, accommodation arrangements and logistics; iv) have a
data management system providing metadata and data storage, retrieval tools and on-line/in situ/remote data reduction and
analysis; v) identify relevant and measurable Key Performance Indicators (KPI) addressing both excellence of scientific services
and sustainability; vi) enforce a human resources policy guaranteeing the necessary competences for its operation, users sup-
port, education and training by equal opportunity hiring and secondments.

DISTRIBUTED RESEARCH INFRASTRUCTURES

Adistributed RI consists of a Central Hub and interlinked National Nodes. A distributed RI particularly needs to: i) have a unique
specific name, legal status and a governance structure with clear responsibilities and reporting lines, including international
supervisory and relevant external advisory bodies; ii) have legally binding attributions of coordination competences and re-
sources to the Central Hub; iii) have a unique access policy* and provide for a single point of access for all users with a support
structure dedicated to optimise the access for the proposed research; iv) have a user programme absorbing a relevant fraction
of the total capacity of the RI; v) identify and adopt measurable Key Performance Indicators addressing both excellence of
scientific services and sustainability; vi) have a human resources policy adequate to guarantee the effective operation of the
Central Hub supporting the research, users programme, education and training by equal opportunity hiring and secondments;
vii) define a joint investment strategy aimed at strengthening the RI through the Nodes and the common/shared facilities.
These features mark the difference of a Rl with respect to a coordinated research network (international collaborations of fully
independent research performing organizations). Nodes may be absorbed partially by the distributed RI while maintaining
their national or institutional programmes, but the capacity and amount of resources engaged in the Rl must be coordinated
and managed by the Central Hub according to agreed statutes and common rules and procedures of the legal Rl consortium.

1. European Charter for Access to Research Infrastructures
https.//ec.europa.eu/research/infrastructures/pdf/2016_charterforaccessto-ris.pdf BOX 1

Single-sited and distributed Ris

ESFRIPROJECTS

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
(ERA) and to support their timely implementation as new Rls or major updates” of existing RIs. The Projects can be at different
stages of their development towards implementation according to their respective date of inclusion in the Roadmap.

* Amajor upgrade is a transformative change of an operational Rl as required to maintain leadership in science and increase research capacity, implying a substantial
new investment.

ESFRILANDMARKS

The ESFRI Landmarks are Rls 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 support and advice for successful completion, operation and - if necessary - upgrade to
achieve optimal management and maximum return on investment.

BOX 2.

ESFRI Projects and ESFRI Landmarks
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WHAT IS NEW IN THE
ESFRI ROADMAP 2018

The ESFRI Roadmap 2018 reflects the lifecycle of
several ESFRI Projects that entered in 2008 and

that, in most cases, reached an advanced degree of
implementation moving therefore to the Landmark

list and STRENGTHENING THE ESFRI LANDMARKS
PORTFOLIO in all areas of research. The LANDSCAPE
ANALYSIS AS A KKEY INGREDIENT of ESFRI
Methodology captures the most relevant Research
Infrastructures that are available to European scientists.
The NEW ESFRI PROJECTS ARE FILLING GAPS in the
diverse thematic domains. The updated and complete
lists of 18 ESFRI Projects and 37 ESFRI Landmarks is
summarized in a table reporting the main information
of each ESFRIRI.

STRENGTHENING THE LANDMARKS PORTFOLIO

The Roadmap 2018 consolidates the Landmarks list as a core element representing the
ensemble of implemented Research Infrastructures that emerged from the ESFRI process.
ESFRI Landmarks are delivering science and science services - or have a well-defined,
forthcoming plan for starting the Operation Phase - and represent in their field the most
advanced undertakings, often at global level, overall strengthening the competitiveness of
European research. The eight new Landmarks reinforce the Energy, Environment, Health &
Food, and Physical Sciences & Engineering domains with strategic long-term investments
in research capability and capacity. The ensemble of ESFRI Landmarks is an important
contribution to the European Research Area; it complements - and intersects with - the
EIROforum? to form a full pan-European portfolio of long-term undertakings in excellent
science and innovation, thus also creating unique opportunities for further internationaliza-
tion. In adopting the new Landmarks, ESFRI considered the specific merit of those projects
having successfully completed their ten-year incubation.

The research needs are demanding both at disciplinary level - requiring more and more
often the acquisition of diverse complementary data from different methods and instru-
ments - and also across disciplines - as the study of complex phenomena demands to
jointly analyse data obtained from Research Infrastructures belonging to different scientific
domains. The ensemble of Landmarks, having developed through ESFRI unifying criteria
and commons - e.g. on data analysis open-tools and FAIR data management and policy -
are in a good position to support advanced interdisciplinary research therefore providing
unique resources to address the frontiers of knowledge, innovation and societal needs.

4.
EIROforum
https:7/www.eiroforum.org
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LANDSCAPE ANALYSIS AS
A KEY INGREDIENT

The updated Landscape Analysis (LA, see PART2) is a key ingre-
dient to the ESFRI Methodology. It captures the most relevant
Research Infrastructures that are available to European scientists
and to technology developers, and allows to appreciate the unique
contribution brought by the ESFRI RIs.

The Landscape Analysis is an indicative
reference document and does not
represent, in any way, the view and
prioritisation of ESFRI, nor any national
financial and political commitment.

SAANA

The Landscape Analysis is organized in three Sections.

Sectionl consists of six chapters - one per scientific domain - and
describes the state of play of all Ris 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 in areas or subdomains of research, when appropriate, and
the interfaces of the RIs belonging to the same disciplinary area are
captured also by plots against relevant dimensions. The gaps, chal-
lenges and future needs are analysed for each group of thematic Ris
and summarised. Research develops both within disciplinary domains
and across disciplinary borders, so that the needs for competitive re-
search imply to enable a smooth access to more and diverse Rls.

Section2 is an all-new analysis effort to render explicit the relevant
connections that already exist among the ESFRI RIs, and to identify the
critical needs for new links and new research practices. The results in
Section2 give evidence of the implications of research generated by
ESFRI RIs in each domain onto the other fields of research. There exist
links and a high potential for advanced synergies among most ESFRI
Ris. ESFRI can play an important strategic role in supporting interdisci-
plinary and multidisciplinary research and realising the conditions for
an approach that is conceptually equivalent to the multi-messenger
method established for Astronomy. The concept of multi-messenger
research relies on exploiting diverse sources of information from dif-
ferent research methodologies to yield an integrated complementary
ensemble of data that becomes the true insight on the phenomenon
studied. Generalizing to all fields of research, we can recognize that
a multi-messenger approach is already at work in domains like envi-
ronmental sciences and life sciences, and that there is a high poten-
tial to address complex phenomena like grand societal and scientific
challenges - e.g. climate change, population increase and differential
ageing, food and energy sustainability - by using synergistically RIs
from all fields.

Section3 is about cross-cutting aspects of the ensemble of Ris - ie.
the transversal issues like education and training, needs for digital in-
frastructure, contribution to innovation; and the horizontal analyses like
socio-economic impact, territorial impact, pan-European and global
dimensions that are carried out by all Rls. The contributions of different
areas are merged to capture an aspect of the overall landscape of RIs
that directly shapes European research and its societal role.

ESFRI ROADMAP 2018 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES

The LA is the prerequisite for the ESFRI strategy exercise, as any new
Project or Landmark must be evaluated against its impact on the
Landscape. Consequently, the LA is a key reference for the under-
standing of the Roadmap, its content and its analysis.

P> NEW PROJECTS FILLING GAPS

The new ESFRI Projects in the Roadmap 2018 reinforce important
areas of research.

The International Fusion Materials Irradiation Facility -

DEMO Oriented NEutron Source (IFMIF-DONES) will play a
strategic role in the Energy (ENE) domain for the implementation
of nuclear fusion solutions to the massive production of energy, as
well as for the role of Europe as an active actor in the development
of nuclear fusion technologies. The consolidation of the techni-
cal design of IFMIF-DONES will take place during the Preparation
Phase as well as the potential internationalization of the project that
will play an important role in the global effort for fusion technolo-

gies.

The Distributed System of Scientific Collections (DiSSCo)
» will play a strategic role in the Environment (ENV) domain
aiming at unifying European natural science collections, effectively
transforming the currently dispersed and fragmented access to the
resources into an integrated data-driven pan-European Research
Infrastructure of broad international interest.

The Integrated European Long-Term Ecosystem, critical
» zone and socio-ecological system Research Infrastructure
(eLTER) is filling a major gap in the Environment (ENV) domain for
a pan-European Infrastructure addressing long-term multi-disci-
plinary ecosystem studies integrating observatories that individual-
ly provide and manage time serial observations and offering physi-
cal access to sites for ecological experiments.

The Industrial Biotechnology Innovation and Synthetic
» Biology Accelerator (EU-IBISBA) will play a strategic role in the
Health & Food (H&F) domain as a distributed RI supporting research
on several bio-economy areas: energy (liquid biofuels), chemicals (or-
ganic acids), materials (bio-plastics) and ingredients for the food, feed,
cosmetics and pharma sectors (enzymes, antioxidants, antibiotics).

The Infrastructure for promoting Metrology in Food and
» Nutrition (METROFOOD-RI) clearly fills a gap in the Health
& Food (H&F) domain by proposing a distributed RI aiming at pro-
viding high quality metrology services in food and nutrition. It com-
prises an important cross-section of highly interdisciplinary and
interconnected fields throughout the food value chain, including
agro-food, sustainable development, food safety/quality/trace-
ability/authenticity, environmental safety, and human health.

The European Holocaust Research Infrastructure (EHRI)
» will play a strategic role in the Social & Cultural Innovation
(SCI) domain as it represents a unique access point to the his-
torical documents and human resources for research on the

Holocaust. The project will represent a unique asset for internation-
al research.
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THE ESFRI RESEARCH
INFRASTRUCTURES LIST

The following table lists the ESFRI Projects and the
ESFRI Landmarks of the Roadmap 2018 - grouped in
the six thematic domains - reporting on acronym, full
name, type of RI, legal status, Roadmap entry year,
expected Operation start year, and estimated costs.
The left page identifies the Research Infrastructures
that are currently in their ten-year period as ESFRI
Project, while the right page lists the RIs having
successfully attained the Landmark status.

The detailed description and information of each ESFRI Project and ESFRI Landmark, as
well as validated data on the political support expressed by Governments of Member States
(MS) and Associated Countries (AC), the timeline for construction/operation and estimated
costs data are provided in PART3.
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ENVIRONMENT

HEALTH & FOOD

PHYSICAL SCIENCES & ENGINEERING

DIGIT ~ SOCIAL & CULTURAL

INNOVATION

D) ESFRI PROJECTS

NAME FULL NAME TYPE LEGAL ROADMAP []PERATION CUNSTHUCTIUN OPERATION
STATUS (V) ENTRY (V)  STAR COSTS (M COSTS (ME/Y)
European Solar Research Infrastructure distributed 2010 2020* 6 0.2
for Concentrated Solar Power
International Fusion Materials Irradiation Facility - single-sited 2018 2029" 420 50
DEMO Oriented NEutron Source
Multi-purpose hYbrid Research Reactor single-sited 2010 2027 1352 74
for High-tech Applications
European WindScanner Facility distributed 2010 2021* 6.1 2
ACTRIS Aerosols, Clouds and Trace gases Research Infrastructure distributed 2016 2025 190 50
DANUBIUS-RI International Centre for Advanced distributed 2016 2022 222 28
Studies on River-Sea Systems
DiSSCo Distributed System of Scientific Collections distributed 2018 2025 694 121
eLTER Integrated European Long-Term Ecosystem, critical zone distributed 2018 2026* 94 35
and socio-ecological system Research Infrastructure
AnaEE Infrastructure for Analysis and Experimentation on Ecosystems  distributed  ERIC Stepl, 2018 2010 2019* 11 0.8
EMPHASIS European Infrastructure for Multi-scale distributed 2016 2021 73 3.6
Plant Phenomics and Simulation
EU-IBISBA Industrial Biotechnology Innovation and distributed 2018 2025 11 65.1
Synthetic Biology Accelerator
ISBE Infrastructure for System Biology Europe distributed 2010 2019* 10 5.2
METROFOOD-RI Infrastructure for promoting Metrology in Food and Nutrition distributed 2018 2019" 788 31
MIRRI Microbial Resource Research Infrastructure distributed 2010 2021 0.8 0.7
EST European Solar Telescope single-sited 2016 2029* 200 12
KM3NeT 2.0 KM3 Neutrino Telescope 2.0 distributed 2016 2020 151 2
E-RIHS European Research Infrastructure for Heritage Science distributed 2016 2025 20
EHRI European Holocaust Research Infrastructure distributed 2018 2022° 0.8 2

NA=Not Available

*expected

ESFRI ROADMAP 2018 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES



ESFRI LANDMARKS ® P{‘;

NAME FULL NAME TYPE LEGAL ROADMAP  OPERATION CAPITAL  OPERATION
STATUS (V) ENTRY (Y)  STARTCY)  VALUE (ME) COSTS (ME/Y)
European Carbon Dioxide Capture and distributed  ERIC, 2017 2008 2016 1000 085
Storage Laboratory Infrastructure
Jules Horowitz Reactor single-sited 2006 2022 1800 NA
EISCAT_3D Next generation European Incoherent Scatter radar system single-sited EISCAT Scientific 2008 2022 123 5.1
Association, 1975
EMSO ERIC European Multidisciplinary Seafloor and distributed  ERIC, 2016 2006 2016 100 20
water-column Observatory
EPOS European Plate Observing System distributed  ERIC Step2, 2018 2008 2020 500 18
EURO-ARGO ERIC  European contribution to the international Argo Programme distributed  ERIC, 2014 2006 2014 10 8
IAGOS In-service Aircraft for a Global Observing System distributed  AISBL, 2014 2006 2014 9.2 7
ICOS ERIC Integrated Carbon Observation System distributed  ERIC, 2015 2006 2016 116 24.2
LifeWatch ERIC e-Infrastructure for Biodiversity and Ecosystem Research distributed  ERIC, 2017 2006 2017 150 12
BBMRI ERIC Biobanking and BioMolecular Resources distributed  ERIC, 2013 2006 2014 195 315
Research Infrastructure
EATRIS ERIC European Advanced Translational Research distributed  ERIC, 2013 2006 2013 500 25
Infrastructure in Medicine
ECRIN ERIC European Clinical Research Infrastructure Network distributed  ERIC, 2013 2006 2014 5 5
ELIXIR A distributed infrastructure for life-science information distributed  ELIXIR Consortium 2006 2014 125 95
Agreement, 2013
EMBRC ERIC European Marine Biological Resource Centre distributed  ERIC, 2018 2008 2017 164.4 11.2
ERINHA European Research Infrastructure on Highly Pathogenic Agents  distributed  AISBL, 2017 2008 2018 5.8 0.7
EU-OPENSCREEN  European Infrastructure of Open Screening distributed  ERIC, 2018 2008 2019* 82.3 1.2
ERIC Platforms for Chemical Biology
Euro-Biolmaging European Research Infrastructure for Imaging distributed  ERIC Step2, 2018 2008 2016 90 1.6
Technologies in Biological and Biomedical Sciences
INFRAFRONTIER European Research Infrastructure for the distributed ~ GmbH, 2013 2006 2013 180 80
generation, phenotyping, archiving and
distribution of mouse disease models
INSTRUCT ERIC Integrated Structural Biology Infrastructure distributed  ERIC, 2017 2006 2017 400 30
CTA Cherenkov Telescope Array single-sited gGmbH, 2014 2008 2024" 400 20
ELI Extreme Light Infrastructure distributed  AISBL, 2013 2006 2018 850 80
ELT Extremely Large Telescope single-sited ESO* 2006 2024 1120 45
EMFL European Magnetic Field Laboratory distributed  AISBL, 2015 2008 2014 170 20
ESRF EBS European Synchrotron Radiation Facility single-sited ESRF* 2016 2023 128 82
Extremely Brilliant Source
European European Spallation Source single-sited ERIC, 2015 2006 2025  1.843 140
Spallation
Source ERIC
European XFEL European X-Ray Free-Electron Laser Facility single-sited European XFEL* 2006 2017 1490 118
FAIR Facility for Antiproton and lon Research single-sited GmbH, 2010 2006 2025  NA 234
HL-LHC High-Luminosity Large Hadron Collider single-sited CERN* 2016 2026"  1.408 136
ILL Institut Max von Laue-Paul Langevin single-sited  ILL# 2006 2020 188 97
SKA Square Kilometre Array single-sited 2006 2027* 1.000 77
SPIRAL2 Systeme de Production d'lons Radioactifs single-sited GANIL 2006 2019* 281 6
en Ligne de 2e génération
&
CESSDA ERIC Consortium of European Social Science Data Archives distributed  ERIC, 2017 2006 2013 17 39 Q
w
CLARIN ERIC Common Language Resources and Technology Infrastructure  distributed  ERIC, 2012 2006 2012 NA 14 ’;‘
[
DARIAH ERIC Digital Research Infrastructure for the Arts and Humanities distributed  ERIC, 2014 2006 2019* NA 0.7 “,E‘
ESS ERIC European Social Survey distributed  ERIC, 2013 2006 2013 NA 245 E
SHARE ERIC Survey of Health, Ageing and Retirement in Europe distributed  ERIC, 2011 2006 2011 250 18 b
5
g
)
PRACE Partnership for Advanced Computing in Europe distributed  AISBL, 2010 2006 2010 500 60 «

NA=Not Available

*expected
# EIROforum member
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THE EVOLVING ROLE QF
RESEARCH INFRASTRUCTURES

The role of Rls is evolving as originally stand-alone
undertakings are becoming more and more part of a
connected ecosystem forming a unique resource for
advanced research and interdisciplinary analysis of
complex scientific problems.

The initiative to develop an open research data system has grown from a need within a
given discipline or thematic area to an overarching project of Europe - the European Open
Science Cloud (EOSC)® - that will make possible a much higher level of interdisciplinarity
and potentially a higher impact of solid scientific evidence into decision-making, planning
and strategy at societal level. ESFRI RIs have been pioneering advanced data management
and e-Infrastructure tools. Responding to specific mandates, ESFRI is developing a strat-
egy that is based on the e-needs and advanced solutions implemented by the RIs. The RI
ecosystem yields a high return on investment under conditions that finances and human
resources are assured through the full lifecycle. The question of Long-Term Sustainability
has been at the core of the work of ESFRI, upon a specific mandate, in close dialogue with
the European Commission (EC) and national roadmapping exercises. The aspect of open
innovation and knowledge exchange between economic activities and research at RIs is
also a subject that required an analysis by ESFRI.

The Research Infrastructures are key investments in research in all areas as they meet
both the demand of the scientific community for state-of-the-art resources for sup-
porting excellent science, and the demand of knowledge transfer for innovation at so-
cial and economic level. The RlIs are often generators of large volumes of data that
have prompted technical and policy solutions to curate, document, preserve and make
available these data upon request by other scientists or developers. These vertical
e-Infrastructures represent a relevant fraction of the effort carried out by RlIs both in
terms of human resources, technology and finance. The Rls accordingly are generators
of FAIR and Reproducible data, with an intrinsically built-in quality check of the data sets
that are considered by the users’ community to be worth the full effort of making them
FAIR-ready and accessible through their own portals or, perhaps in the future, through the
EOSC. The interface of the Ris with the horizontal e-Infrastructures via the e-needs analysis
of ESFRI and the definition of Commons® by the e-IRG, represent key elements for design-
ing the EOSC and the European Data Infrastructure (EDI).

The Section2 of the Landscape Analysis addresses the interfaces and complementarities
of the ESFRI Projects and Landmarks that are key elements, as identified by the Strategy
Working Groups (SWGs), for defining the future strategy of ESFRI. Further fostering such
links will increase interoperability between excellent disciplinary research in the ERA, and
thus enable multidisciplinary approaches to new research needs.

5.
European Open Science Cloud - EOSC
http://ec.europa.eu/research/openscience/index.cfm?pg=open-science-cloud

6.
e-Infrastructure Commons
http.//e-irg.eu/commons
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ESFRI RIs AND
FAIR DATA

ESFRI fosters the definition, implementa-
tion and further development of advanced
solutions for the effective provision and use
of high-quality scientific data, with effective
descriptors, ease of access, interoperability
and reusability, fully implementing the FAIR
principles. It also develops and promotes
Data Commons as practised by ESFRI
Research Infrastructures and horizontal
e-Infrastructures. These efforts contribute
to shaping the EOSC, including its gover-
nance model, fully reflecting the engage-
ment and responsibility on open science
that the Member States and Associated
Countries strategically play through ESFRI.
Data are an explicit part of the more gen-
eral mandate of the EU Council of 29 May
2015 that “INVITES ESFRI to explore mech-
anisms for better coordination of Member
States' investment strategies in e-infra-
structures, covering also HPC, distributed
computing, scientific data and networks'”.
ESFRI elaborated, with the help of an ad
hoc Working Group on e-Infrastructures,
the recommendation transmitted to the EU
Council (see BOX 3).

On 20 February 2017, the EU Council ap-
proved the ESFRI recommendation on co-
ordination of Member States' investment
strategies in e-Infrastructures recognizing
ESFRI as a Strategy hub of funders®. ESFRI
Ris, along with the many other Ris that are
internationally open, are unique in assur-
ing a robust quality control on the scientif-
ic data to be managed accordingly to the
FAIR principles and on the related data
services. ESFRI Landmarks and Projects
are Research Infrastructures producing
scientific data that are used by highly com-
petitive and broad research communities
covering most areas of research. ESFRI Ris
are evaluated, selected, monitored and re-
viewed with much emphasis on their e-In-

7.
Conclusions of the Council of the European Union of
29 May 2015 on Open, data-intensive and networked
research as a driver for faster and wider innovation. Doc

9360/15
http.//data.consilium.europa.eu/doc/document/ST-9360-

2015-INIT/en/pdf

8.
Outcome of the 3519th Meeting of the Council of the
European Union, 20 February 2017, Brussels.
https./www.consilium.europa.eu/media/22241/
sto646gen1y.pdf
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ESFRIRECOMMENDATION ON COORDINATION OF
NT STRATEGIESIN

MEMBER STATES INVES
e-INFRASTRUCTURES

= ESFRI aims to contribute to an effective and efficient approach to
e-Infrastructures and services (vertical and horizontal) for European science
and its competitiveness in the global scene building on existing Research
Infrastructures and electronic Infrastructures.

= ESFRI advises to establish urgently a convergent policy of funding mechanisms
for e-Infrastructures at the various levels (institutional, regional, national, European).
Such policy could include support and financing of e-Infrastructures for scientif-
ic users, providing incentives to researchers to generate FAIR* and reproducible
(+R) data, as well as the development of enabling e-tools/e-technologies and the
mainstreaming of support actions addressing e-needs of all levels of intervention.

= ESFRI suggests to act as STRATEGY FORUM OF FUNDERS of the e-Infrastruc-
tures for European science as a key element of support of a coherent approach
to policy-making on research infrastructure in Europe.

= ESFRI could be effective in facilitating the coordination of national and
European efforts in e-Infrastructures for research and innovation, following the
model that has been put in place for Research Infrastructures. The global di-
mension of e-Infrastructures shall also be addressed in a coherent way.

* ESFRI advises to proceed by building on the EOSC HLEG vision® and by
strengthening the data FAIR+R generator role of Research Infrastructures and
the coordination of science and innovation communities also at broad interna-
tional level as described by the e-IRG roadmap3.

= ESFRI advises that urgent actions must be taken to support the training and
hiring of e-Infrastructures experts/scientists and to expand the data literacy at all
levels of education and innovation activities to enable the return on investment
in e-Infrastructures and Research Infrastructures and maximize societal benefits.

= ESFRI advises that deploying strategic joint e-services, including standardization
and assisted open access, can be most efficiently done at least at European level.

= ESFRI recognizes that the capacity of distributed High Performance and High
Throughput Computing, of communication networks for scientific data, and of trans-
versal e-services, should be strengthened by building on national resources and
adding an effective coordination and a possible additional funding to realize a full
European-scale impact.

= ESFRI recognizes that the funding approach to HPC Tier-Zero facilities bears
challenges similar to more centralised large-scale Research Infrastructure facili-
ties* with direct industrial policy implications and should be dealt with accordingly.

1. Findable, Accessible, Interoperable, and Re-usable

2. Realising the European Open Science Cloud Report 2016
3. e-IRG Roadmap 2016

4. ESFRI Strategy document and Roadmap 2016

ESFRI recommendation on coordination of Member
States' investment strategies in e-Infrastructures
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frastructure component that is considered

a basis for excellent science and excellent

data services to the broadest community. ESFR' PUS|T|UN UN EUSC

ESFRI Ris, in general, already implement

FAIR and Reproducibility criteria of the data ESFRI welcomes the EOSC initiative that identifies an ambitious and very important
and operate open access portals and Data goal with structuring impact on European science and beyond.

Management Plans (DMPs) in tune with

their user communities. ESFRI Rls of all do- 1. ESFRI IS A STRATEGY HUB OF FUNDERS

mains can engage in providing data quality The ESFRI Forum has been created by the European Council to develop and support
check and in monitoring the persistence of a coherent and strategy-led approach to policy-making on Research Infrastruc-
data integrity in a way that will give to the tures in Europe. It represents 28 MS and 12 AC. It acts upon mandates by the Coun-
EOSC the necessary robustness in terms cil as STRATEGY HUB OF FUNDERS of Research Infrastructures of pan-European
of high-quality data products and services. interest and elaborates a Roadmap of the RIs to be funded as new initiatives (ESFRI
Furthermore, ESFRI RIs can help to cover Projects) or as consolidated strategic undertakings (ESFRI Landmarks). It has re-
hitherto unstructured areas and contrib- ceived in 2015 the mandate to “explore mechanisms of better coordination of Mem-
ute towards the development of European ber States' investment strategies in e-Infrastructures, covering also HPC, distribut-
Open Science (Data) Commons. By favour- ed computing, scientific data and networks". Also with respect to this specific broad
ing the exploitation of the most advanced mandate ESFRI acts as STRATEGY HUB OF FUNDERS for the e-Infrastructures
and well documented data sets - metadata of pan-European strategic interest.

and data analysis support services devel-

oped by ESFRI RiIs - a robust environment ESFRI considers that ensuring convergence of strategies and implementation actions
favouring interdisciplinarity shall be devel- with EOSC is a priority.

oped. RiIs can contribute to make DMPs

more homogeneous in each domain and to A close and effective collaboration between EOSC and ESFRI Forum is needed and
address near-neighbour domains. On this must be structured at the proper level.

background and through extensive discus-

sion, ESFRI formulated a position on EOSC ESFRI has responsibility regarding FAIR, Reproducibility and Openness of Data of the
that has been communicated to the EC in Research Infrastructures (Landmarks and Projects, inspiring also other national/inter-
January 2018 (see BOX 4). national RIs) that absorbs a sizeable fraction of the whole European effort in Rls. EOSC
will mobilize important resources and will federate national data systems also enabling
The EU Council Conclusions of 29 May new actors to foster the data interoperability and multi/interdisciplinary research.
2018 on European Open Science Cloud “[..]

CALLS ON the Commission to make opti- A continuous dialogue between ESFRI and EOSC at the strategy level as well as further
mal use of ongoing projects, existing exper- collaboration at all levels of implementation will ensure and enhance synergies and will
tise and knowledge available via existing effectively promote convergence to advanced Commons.

initiatives, such as ESFRI, elRG, GO FAIR and

others; and [.] RECOMMENDS (EOSC) that 2. ESFRI - AND OTHER INTERNATIONALLY OPEN - RiIs ARE UNIQUE IN ASSURING
effective coordination is established with A ROBUST QUALITY CONTROL ON SCIENTIFIC DATA TO BE OPENED

ESFRI". ESFRI Landmarks and Projects are Research Infrastructures producing scientif-
ic data that are operated by highly competitive and broad research communities
covering most areas of research. ESFRI RIs are evaluated, selected, monitored and
reviewed with much emphasis on their e-Infrastructure as an element for excel-
lent science and excellent data services to the broadest community. ESFRI RIs are
amongst the key pillars of research that already perform quality check on the open
access data and have data management plans agreed by the users.

ESFRI RIs of all domains can engage in providing data quality check and in monitor-
ing the persistence of data quality and integrity to release to the EOSC the neces-
sary robustness of data products and services.

9.
Conclusions of the Council of the European Union of 29
May 2018 on European Open Science Cloud (EOSC). Doc.
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3. EOSC SHOULD ADOPT A SUBSIDIARITY AND PARTICIPATORY PRINCIPLE
EOSC should recognize and take full advantage from the well performing Data
Management Plans (DMPs)* and practices developed by ESFRI Rls that already im-
plement FAIR ad Reproducibility criteria of the Data and operate open access portals.
EOSC should favour the participation of the Rls to the elaboration of Commons to serve
as key elements of the EOSC. The acronym should actually become, or be generally
understood as, European Open Science (Data) Commons.

4. EOSC SHOULD FILL THE GAPS OF UNSTRUCTURED AREAS
EOSC should play a significant role in raising to the most advanced level the science
domains that have unsatisfied e-needs. EOSC should transparently display which and
where services already exist, and help to develop metadata standards for overall pro-
gressive alignment of different domains and their increasing integration.

5. EOSC SHOULD ENABLE HIGH LEVEL INTERDISCIPLINARITY
EOSC should contribute to develop a robust environment to promote INTERDISCIPLIN-
ARITY by favouring the exploitation of the most advanced and documented data sets by
advanced metadata and data analysis support services.

6. EOSC SHOULD MAKE HIGH LEVEL INTEROPERABILITY POSSIBLE AND WORKABLE
The great goal of INTEROPERABILITY is the most EOSC specific of all. RIs can contrib-
ute to make Data Management Plans (DMPs) more homogeneous in each domain and
to address near-neighbour domains, but the general picture of cross-domain interop-
erability needs the EOSC action at European/international level. In this respect, the
role of EOSC in facilitating and improving interoperability of existing well-developed
data systems - including those of RIs — and guiding development of interoperable data
systems in unstructured areas is crucial and irreplaceable. The INTEROPERABILITY
is a long-term goal to which the existing sectorial best practises can contribute, but
should not be perturbed as far as they are the operational best existing model and
system.

1. Guidelines on FAIR Data Management in Horizon 2020
http://ec.europa.eu/research/participants/data/ref/h2020/grants_manual/hi/oa_pilot/h2020-hi-oa-data-mgt_en.pdf

BOX 4.

ESFRI position on EOSC
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THE LONG-TERM SUSTAINABILITY OF Rls

A robust long-term vision is essential to successfully and sustain-
ably develop, construct and operate Research Infrastructures.
ESFRI has addressed RIs sustainability since its creation, but a sys-
temic approach was taken up in response to the Competitiveness
Council request of 27 May 20167, ESFRI set up an ad hoc Working
Group with the mandate to provide a set of recommendations that
would help to strengthen the Long-Term Sustainability of Rls, and
to provide ESFRI's input to the dedicated Action Plan to be pre-
pared by the European Commission.

Long-Term Sustainability of Rls is a very complex challenge requir-
ing an adequate framework which is embedded in a supportive
policy-driven environment. RIs must be recognized as long-term
strategic investments at all levels, deeply rooted in society, and in-
dispensable both for enabling excellent research in their scientific
domains, and for contributing to overall competitiveness. Sufficient
time and continuous support must be given to the Ris to fully un-
fold, develop and maintain their potential as they are typically op-
erational for several decades. Such support should be founded on
a strong strategic vision, at national and EU levels, as it implies long
term financial and human resources investments.

For RIs to remain relevant throughout the entire lifecycle, scientific
excellence is the condition sine qua non, which becomes crucial
when it comes to the long-term persistence in the Operation-
al Phase. Building on this primary condition, the key elements for
ensuring Long-Term Sustainability of Research Infrastructures - as
detailed in the ESFRI Scripta Vol.2*°- are:

1. ESTABLISH AND MAINTAIN EXCELLENCE. Research excellence
requires state-of-the art instrumentation and cutting-edge meth-
odology, high-quality staff, services and support, and leading users
who bring the most challenging or significant problems. To achieve
and maintain all of these factors a number of conditions must be
met: strong in-house research and/or technical development; ef-
fective engagement with the user community; access mechanisms
that encourage and facilitate the very best researchers to the RI. All
of these activities need to be underpinned with a funding frame-
work that provides adequate support and long-term planning en-
suring reliable high-quality science services therefore establishing
the Rl as the supplier of choice for the users, as well as an employer
of choice for competitive staff.

2. ENSURE THAT Ris HAVE THE RIGHT PEOPLE IN THE RIGHT
PLACE AT THE RIGHT TIME. The most important resource for a RI
is, arguably, its human capital. This includes its own staff, who play
many roles - designing, building, operating, using, supporting and
managing - as well as the user community who exploits it for re-
search and innovation. Most of these roles require specialised skills
and experience to be effective. Moreover, the set of skills required
by a Rl may change markedly during its lifecycle in particular when
transiting from construction to operation. Ris also operate across
disciplinary domains, requiring, for instance scientists with experi-

10.
Long-Term Sustainability of Research Infrastructures, ESFRI Scripta Vol.2, October 2017
http.7/www.esfrieu/sites/default/files/u4/ESFRI_SCRIPTA_ TWO_PAGES_19102017_1.pdf
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ence in handling large and complex data sets, or in working with
engineers to design bespoke and often highly innovative equip-
ment and services. They also need managers who understand the
field in which a Rl operates. Users, in academia or industry, gener-
ally need some degree of training to be able to exploit the potential
of RIs for their research.

3. HARMONIZE AND INTEGRATE A VISION FOR CONVERGENT
OPERATION OF RIs AND e-INFRASTRUCTURES. RIs must gener-
ate and exploit documented digital data, products and services in a
sustainable way, on the long term. The rapidly increasing amounts
of data of RIs - e.g. ESFRI RIs, need to be made open and easily
available to researchers from different fields. To enable this, the data
need to be managed, stored and preserved adopting cost-efficient
e-science solutions, with appropriate quality and safety assuranc-
es, fostering access across borders. Data infrastructure therefore is
a central part of the research ecosystem, which enables research-
ers and other stakeholders from research, education, society and
business to use, re-use and exploit data for the benefit of science
and society.

4. FULLY EXPLOIT THE POTENTIAL OF Ris AS INNOVATION HUBS.
Rls, as enablers of high-quality research, providers of advanced
services and data as well as prescribers of leading-edge technolo-
gies, have an innovation potential that needs to be fully exploited to
ensure maximum return and therefore financial and societal long-
term sustainability and acceptance. There are, however, many sig-
nificant challenges to fulfil this potential: imperfect communication,
lack of awareness of the needs of economic actors and opportu-
nities of Rls, entry barriers for access, as well as insufficient human
resources at the interface between RIs and the commercial sector.
Some of these challenges can be met by creating a more efficient
integrated and coordinated ecosystem for Rls and Industry in which
every player in the socio-economic value chain is involved, includ-
ing public authorities at local, regional, national and European level,
as appropriate.

5. DEMONSTRATE THE ECONOMIC AND WIDER SOCIAL VALUE
OF RlIs. There is increasing pressure at all levels for RIs to demon-
strate the positive contribution they make to society in general, in-
cluding the impact on regional and national economies, and the
benefits they offer to our citizens through the science they deliver.
Both the definition and measurement of socio-economic impact
present considerable challenges, not least due to the difficulty of
establishing causality between the activities or research, enabled
by a RI, and its impact or value to society, quite possibly with a very
long time delay or induction period.

6. ESTABLISH EFFECTIVE GOVERNANCE AND SUSTAINABLE
LONG-TERM FUNDING FOR RIs AT EVERY STAGE IN THEIR
LIFECYCLE. Although RIs may have different needs according to
their configuration and their activities, it is vital that the common
elements of their governance, their funding and their management
guarantee long-term sustainability. Governance models for Ris
should define the roles and commitments of all the different
stakeholders (International, European, Member States or Associated


http://www.esfri.eu/sites/default/files/u4/ESFRI_SCRIPTA_TWO_PAGES_19102017_1.pdf

Countries, Regions, Research performing organisations, Research
hosting institutions etc.) with respect to a coherent and consistent
funding landscape throughout the Rl lifecycle.

7. FOSTER BROADER COORDINATION AT NATIONAL AND
EUROPEAN LEVELS. Cutting edge science and technology are
international - policies should reflect this and be coordinated at a
national and European level. European countries have a richness
of creative Research & Innovation (R&I) systems and cultures.
These should be shared with each other through mutual learning
exercises to strengthen the European region as a whole but still
leave space for smart specialization strategies to strengthen the
regions. Furthermore, joint investments in European Research
Infrastructures need to be well coordinated and aligned in terms of
priority setting and funding decisions.

Experience from several well established ESFRI Landmarks
shows the significant long-term benefits of Ris to society at
large. In particular, large-scale RIs, or clusters of RIs, intrinsically
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shape the economy and society of the region where they are
located contributing to competitiveness, but also to cohesion and
integration. Ris also have a broad impact on skills and education
agendas. Increasing the competences of staff, researchers and
academic users, and through outreach to pupils and students, as
well as the general public, they steadily improve the perception
and understanding of science and technology in society.
Investment in excellent RIs is an instrument for increasing regional
competitiveness, and thus a key component of European cohesion
policy. RIs are boosting the generation of scientific knowledge,
accelerating technology development, and enhancing both
technological and social innovation. The effective investment in RIs
and their exploitation are among the key priorities for realising the
European Research Area. Thus, sustainability of Rls is an important
prerequisite for contributing to continuous economic growth at
national and European levels.

THE INNOVATION-ORIENTED APPROACH

Also the innovation-oriented approach of RIs was addressed by
ESFRI since the beginning and tackled by setting an ad hoc Work-
ing Group with the mandate to propose to the Forum the broad
lines of a strategic plan in response to the Council Conclusion of
31 May 2011**,

The open innovation model includes Research Infrastructures at
the supply side of new knowledge and as effective testbeds of in-
novative technologies. The cutting-edge knowledge developed in
the Research Infrastructures pave the way to new, innovative com-
ponents, instruments and services, providing unique contributions
complementary to application scoped research and development.
For example:

= ultrafast, low-noise electronics for detectors of particles, X-rays
and neutrons, are developed and then qualified for use in Research
Infrastructures, yielding direct innovation in broad fields of applica-
tion - e.g. medical and environmental sector, information technolo-
gies, energy, material development and manufacturing;

= RIs make available samples, images and protocols in the
bio-medical sector for open innovation to flourish;

= in the broad-band communication of data and high power /
high throughput computing, as well as in environmental observa-
tion and modelling, or in societal studies, the RIs provide advanced
testbeds for innovation;

= in the social behaviour, ageing, multi-lingual communication,
access to heritage and acceptance of environmental issues and
technology changes, the RIs provide unique tools for cultural, so-
cio-political and socio-economic innovation.

11
Conclusions of the Council of the European Union of 31 May 2011 on Development of the
European Research Area (ERA) through ERA related groups. Doc. 11032/11
http://registerconsilium.europa.eu/doc/srv?I=EN&f=ST%2011032%202011%20INIT

Research Infrastructures engage with industry in many different
ways including procurement, direct support with services, testing
and proving technology, as well as collaborating with industry on
pre-competitive research. In recent years, we observe the continu-
ous increase in usage by industry of, in particular, analytical and life
sciences RIs, yielding impact on innovation activities. A key role of
Research Infrastructures in innovation is also in the training of sci-
entists and research engineers, as well as by creating opportunities
of their mobility to and from science and industry or services. In fact,
the enabling technologies for the Industry 4.0 smart factory para-
digm are at work or have been pioneered at Rls. A great impact on
innovation is also expected from the openness of well documented
high-quality research data supported by reliable and effective data
services.

Nevertheless, the impact of Research Infrastructures on industry
and society is still underexploited. First, there is a high potential of
multi-messenger science, understood as taking information about
the same complex phenomena from different sources. Research
Infrastructures are a key element here, as by developing comple-
mentary and interoperable services they can produce and analyse
data going across disciplines. Second, integrated Research Infra-
structure campuses provide significant opportunities to establish
close links with the actors in regional innovation ecosystems, such
as local Research Infrastructures, incubators, technology parks, uni-
versities and businesses, as well as to be proactively integrated into
local planning and smart specialisation strategies. Third, co-cre-
ation, understood as two-way seeding of scientific excellence
to generate new knowledge between Research Infrastructures
and industry, can also stimulate innovation-driven research on
pre-competitive challenges.

The emergence and growth of hubs of science and innovation
around European RIs will amplify their impact on society by attract-
ing economic activities and generating value in the open-innova-
tion model. This is a culture change that specifically requires:
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= |Industry to be aware of opportunities provided by Ris and Ris to
be responsive to business-oriented needs. All stakeholders to be
aware of the existing potential for cooperation and of its significant
socio-economic impact.

= Raising awareness on Rl opportunities and services in all direc-
tions: towards Rls themselves, to industry and to a wider audience,
including policy decision makers, and the general public.

= New initiatives to be taken to increase the attractiveness of Ris
for industry.

= To proactively practice the concept of “industry as a full part-
ner” of Rls, both as a supplier and as a user. This implies promoting
partnerships on joint R&D projects and cooperative programmes,
e.g. the development of advanced technologies and innovation, the
training and exchange programmes. Rls can offer industrial compa-
nies to be immersed in active ecosystems of innovation based on
their broad range of complementary competences and skills.

= |nnovation to be considered in allits aspects. Ris serve research
and technology but also policy-making and society. Research data
also represent significant financial assets and business opportuni-
ties. Such approach needs to be an in-built part of an organisation’s
business strategy and strategic vision, where conditions are creat-
ed to facilitate innovative thinking and creative problem solving.

Optimal collaboration between industry, policy-makers and Re-
search Infrastructures, can be pursued so to ensure greater impact
of our research and innovation system, as a whole, on the economy
and society, helping us to effectively address the challenges of the
modern world. The ESFRI Scripta Vol.3, published in January 2018,
reflects the updated analysis of the ad hoc Working Group on In-
novation™?,

12.
Innovation-oriented cooperation of Research Infrastructures, ESFRI Scripta Vol.3, January 2018
http./www.esfrieu/sites/default/files/u4/ESFRI_SCRIPTA_VOL3_INNO_single_page.pdf
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Important interconnections are being es-
tablished among the RIs as reported in
Section2 of the Landscape Analysis. ESFRI
identifies these clear facts.

= RIs attract and support frontier re-
search and contribute to pursue excellence
through curiosity-driven research efforts
that push the current limits of knowledge
in a discipline. In doing so, RIs address and
solve many technological, scientific and
organizational issues that create additional
value and knowledge at non primary levels
in the disciplinary paradigm.

= Excellent research is becoming more
and more multi-messenger - i.e. based on
diverse data sources oriented to study the
same phenomena - which requires to en-
force the coordination among infrastruc-
tures, their internationalization, and ad-
vanced, even real-time, data management
and analysis tools.

= Research often occurs at the interfaces
among RIs domains, which fact is conven-
tionally defined ex ante interdisciplinarity
or multidisciplinarity, indicating that new
knowledge is pursued beyond disciplinary
methods and limits.

= High-quality research data sets are
produced at Rls, which are documented
by advanced-level metadata to potentially
enable interoperability, i.e. the ex post inter-
disciplinary use of the data.

= Internationalization of RIs must be ad-
vanced through the development of com-
patible access modes to resources and
data and through international strategy for
Global Research Infrastructures.

An outstanding paradigmatic example of
multi-messenger research is given by the
extraordinary developments in the field of
Astronomy, following the recent obser-
vations of Gravitational Waves (GW) by
three large Rls (interferometers), located in
Europe (VIRGO) and in the USA (the two LI-
GOs), that jointly enable to identify the direc-
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tion of the gravitational signal source, and
consequently trigger, at world scale, the
fast pointing of optical and radiowave tele-
scopes. The implementation of this meth-
od has already allowed to collect critically
valuable data on the hitherto few observed
GW events. CTA, a new ESFRI Landmark,
is defined as one of the magnificent seven
observatories that promise to contribute to
establishing the multi-messenger paradigm
as the new avenue unifying Astronomy
and Astroparticle Physics. Notably, multi-
messenger can become a general para-
digm, being also developed in ENV and
H&F RIs as it is described in the LA. We ex-
pect that it will further expand in many other
fields of research.

Rls belonging to the same domain are al-
ready developing more and more efficent
interfaces and are natural facilitators of the
multi-messenger approach, enabling inter-
disciplinary research. The Section2 of the
Landscape Analysis gives evidence of the
interconnections among the Ris contribut-
ing new knowledge in a complementary
way. The RIs, while maintaining their own
disciplinary-rich diversity portfolio, have a
high potential to horizontally coordinate on
science topics that can be addressed only
by adopting multiple diverse complemen-
tary techniques.

Different research needs stimulate the Ris to
develop newtools whichthenbecome avail-
able to all other research fields as well. The
development of Commons in data format
and management as represented by the Eu-
ropean initiatives PaNdata®® and EUDAT™,
and by the international Research Data Alli-
ance (RDA)*®, has prompted a convergence
on standards at Rls that, through the users,
spread also to universities and national re-

13.
PaNdata initiative
http:/pan-data.eu

14.
EUDAT
https./www.eudateu

15.
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search laboratories. Data reduction, analy-
sis and tools are developed or shared at RIs,
outreaching a broad scientific community,
overall improving communication and effi-
cient research programmes.

At the organizational and coordination lev-
el some successful Integrating Activities of
H2020 as well as bottom-up initiatives - like
the League of European Accelerator-based
Photon Sources (LEAPS) engaged in a
proto-federation attempt - demonstrate
the need to implement a higher efficiency
in integrating research resources in Europe.
Integrating Activities, as those supported
by the EC Framework Programmes, have a
high potential to optimise the investments
and to exploit overall synergies of national,
European and international Rls, sharing the
most advanced technologies rather than
duplicating efforts, expanding the offer to the
users' communities, and increasing the over-
all return on investment, without jeopardizing
the healthy scientific competition among
partner RIs.

The ESFRI strategy for the future Roadmap
system will be developed recognising that:

= ESFRI Projects and Landmarks, as well
as other important Ris of pan-European di-
mension and scope, like the EIROforum and
others - represented for example by the
European Research Facilities (ERF)*® - are
reference instruments and centres of com-
petences in the disciplinary research, en-
abling the most competitive proposals and
most original ideas to develop and prove
their full potential;

= however, most of the compelling
problems of society, the so called Grand
Challenges like climate changes, energy
needs, food resources, demography and
ageing of population, peace and migratory
phenomena, are of interdisciplinary nature
and this is true also for the knowledge
needs of civil services and industry.

16.

Research Data Alliance (RDA)
https..7www.rd-alliance.org

ERF AISBL
http:7/www.erf-aisbleu
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The implication of the above points is that
Ris, while often being disciplinary oriented
- astroparticle physics, mouse genomics,
language, ocean observation, etc. - must be
capable to integrate with near-neighbouring
Ris contributing to enforcing interdisciplinary
research.

A further implication is that the demand for
new knowledge coming from society can
hardly be addressed by single RIs of disci-
plinary, or even multidisciplinary scope. The
moderate success of all efforts made to trans-
late new disciplinary knowledge in useful skills
and hints towards economic activities shows
that the current approach is not sufficient.

On the other hand, the increased capability
of RIs to talk to each other at near-neighbour
level - e.g. within and between H&F and ENV,
ENV and ENE, ENE and PSE, PSE and DIGIT
and all other combinations that also include
SCI - has created the basis for the Rl system
as a whole to become capable to generate
new knowledge when and where it is need-
ed. A well interfaced RI system will be an
important contribution to European research
competitiveness by enabling research to
yield reponses to issues such as the Grand
Challenges and industrial and social needs.

Part of the effort towards a more efficient
knowledge-based society and economy is be-
ing addressed by the open data concept. The
broad debate and high expectations about
the EOSC demonstrated that there is a widely
shared aim to make the overall information
contained in (high) quality-controlled data -
FAIR and Reproducible - readily accessible
also to users working in different disciplinary
domains with respect to the researchers who
originated the data. ESFRI plays and will play
a substantial reference role in supplying the
EOSC with original high quality data from the
Ris and to strategically orient the investments
in RIs to cover the whole data cycle. EOSC
will enable ex post multidisciplinary research
and analysis of complex questions based on
the available data of disciplinary origin. This is
just one part of the data issue for the know!-
edge-based society.

There is a second, complementary, part of
the same effort that requires to build a sys-
tem capable to generate knowledge when
and where it is needed to address complex,
multifaceted problems (society, industry) and
Grand Challenges (climate, food, energy).

Industrial needs are a familiar example of a
complex problem: there is typically a techni-
cal aspect connected with a product or pro-
duction process, but also an environmental
impact aspect, an energy efficiency aspect,
and a social acceptance aspect that require
integrated knowledge to be produced and
transferred at the proper level of complexi-
ty in order to satisfy the industrial need and
generate innovation. Asking the individual
Ris to generally improve their interface with
industry encounters a bottleneck in the fact
that disciplinary research can give very valu-
able, but only sector-limited answers, often
not ready to be implemented by industry. On
the other hand, a robust Rl ecosystem, as an
interconnected ensemble, could develop the
capability to provide answers by generating
the pieces of new knowledge in the most ef-
ficient way: employing the best tools on each
relevant aspect of the complex problem. This
willenable ex ante multidisciplinarity and pro-
vide a powerful and timely instrument for the
knowledge-based society.

One new strategic direction for ESFRI will
therefore be to take into account - within
the fulfilment of its mandate - the contribu-
tion of Ris towards a novel, open-integrated
research environment capable of mobilizing
the necessary disciplinary resources at the
proper level, and of combining the new data
to formulate answers to complex issues.

The Landscape Analysis of this Roadmap
2018 contains for the first time an analysis
of the implications that research at a given
ESFRI RI has on the research needs of oth-
er disciplinary areas. It is quite evident that
active interdisciplinary interfaces exist - also
with non-ESFRI RlIs of course - and provide
a baseline for more potential liaisons and
combinations of the available resources.
ESFRI aims at fostering the disciplinary ex-
cellence and at encouraging the ESFRI Proj-
ects and the ESFRI Landmarks to produce
the necessary mix of data that are needed
to formulate answers to complex demands.
This development will impact the overall
landscape and it is important that the dia-
logue between ESFRI and the national strat-
egies and roadmaps is further strengthened,
aiming at better coordination and higher ef-
ficiency within the Rl ecosystem, with added
scientific value and rationalized efforts.

Another challenge for Rls is their internation-
alisation. ESFRI is involved in this process
with some Projects and Landmarks having a
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broad international constituency and scope,
like the astronomy and astrophysics ob-
servatories CTA, ELT, KM3NeT 2.0 and SKA.
Special cases - like CERN, ITER-Broader
Approach and some space science missions
- involve directly many Governments as well
as scientists from all over the world, but sev-
eral more are taking shape - e.g. the Grav-
itational Wave Detectors, the Underground
Laboratories, the International Mouse Phe-
notyping Consortium.

The globalisation of Rls is addressed by the
Group of Senior Official G8+5 (GSO)* who has
identified case studies for Global Research
Infrastructures (GRIs) that comply with the
GSO Framework for GRIs approved in 2014
and continuosly updated18 (see BOX 5).

T4,

GLOBAL RESEARCH
INFRASTRUCTURES

Global Research
Infrastructures represent
those Research
Infrastructures with a full
international dimension to
serve common needs of the
world scientific community, or
the advanced collaboration
among existing RIs that share
common needs and efforts to
pursue challenging upgrades
needed for top research.

The GSO Members can propose
GRI candidates seeking for
international partnership. ESFRI
does not put forward proposals
to the GSO, but GSO Members
can propose ESFRIRIs as
potential GRIs.

BOX 5.

Global Research Infrastructures
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17.
Group of Senior Official (GSO)
https.//ec.europa.eu/research/infrastructures/?pg-gso

18.
GSO Progress Report 2017
https.//ec.europa.eu/research/infrastructures/pdf/
gso_progress_report_2017pdf



https://ec.europa.eu/research/infrastructures/?pg=gso
https://ec.europa.eu/research/infrastructures/pdf/gso_progress_report_2017.pdf
https://ec.europa.eu/research/infrastructures/pdf/gso_progress_report_2017.pdf

ROADMAP & STRATEGY REPORT P2A7G

THE ESFRI
METHODOLOGY

ESFRI engages in well-defined roadmapping
processes with publicly available rules and procedures.
In order to prepare the Roadmap 2018, ESFRI refined
the definitions, models and methods building on

those adopted for the Roadmap 2016, and that are
fully detailed in the Roadmap 2018 Guide®. The main
elements of the updated ESFRI Methodology are
summarised in the following pages.

19.
ESFRI Public Roadmap 2018 Guide
https.//ec.europa.eu/research/infrastructures/pdf/esfri/esfri_roadmap/esfri_rd2018_guide_for_appplicants.pdf
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CONGEPT
DEVELOPMENT

concept screening,
consortium formation,
access policy and funding
concept, scientific and
project leadership

DESIGN

design study, business
case, political and financial
support obtained, common
access policy, top-level
breakdown of costs,
governance and HR policy

PREPARATION

Preparatory Phase,
business & construction
plan, political and financial
support secured, data
policy & data management,
cost book plan, legal

entity identification

IMPLEMENTATION

site construction and
deployment of organisation
and legal entity, recruitment,
IPR & innovation policies,
operation and upgrade plan,
secure funding for operation

OPERATION

frontier research results,
services to scientific
community, outreach,
continuous upgrade

of instrumentation and
methods, political and
financial support for
long-term operation

TERMINATION

e.g. dissolution,
dismantling of facilities
and resurrection of
site, reuse, merger

of operation and
organisation, or

major upgrade

FIGURE 1.

Lifecycle approach
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LIFECYCLE APPROACH

The dynamics of ESFRI Projects and ESFRI
Landmarks and the needs and targets of
the implementation are understood within
an overall LIFECYCLE APPROACH, as de-
picted in Figure 1.

The CUNCEPT of anew Rl typically emerg-
es bottom-up from the scientific commu-
nities clustering around well-identified
scientific needs and goals. Such a concept
can originate from completely novel ap-
proaches to answer scientific questions or
to respond to the need of enhanced capac-
ity at pan-European level as well as from
new insights in existing Rl - e.g. resulting in
a plan for major upgrade or merger.

The DESIGN covers the proof of the sci-
entific concept and technical feasibility
of the RI, the analysis of the potential user
community - both science and innovation
oriented; the outline of a business case and
the rationale for the international consor-
tium. The feasibility study can be carried
out with institutional, national or internation-
al support - eg. Framework Programme
(FP) Design Study grants. The design also
includes an initial analysis of its position in
the RI landscape, e-Infrastructure require-
ments and (open)-data management and
policy. Importantly, the Rl also foresees the
financial and political support from govern-
ments and funding agencies necessary for
the Preparatory Phase.

The PREPARAT'UN - carried out at insti-

tutional, national, European or international
level - is directed towards developing the RI
as a fully-fledged organisation. Completion
of preparation for the Rls in the Roadmap
is often carried out through a Preparatory
Phase contract under FP resulting in a busi-
ness plan, a legal entity, an agreed role for
the Rl also in the context of the landscape
of existing RIs at European and global lev-
el, and secured funding safeguarding the
financial sustainability for the Implementa-
tion Phase and extending also for the Op-
eration Phase. Some projects face a gap of

funding between the end of their Prepara-
tory Phase contract and the final decisions
for implementation - legal, funding and
construction - which can lead to the estab-
lishment of ad hoc interim legal entities and
governance to assure appropriate funding
to complete the preparation and start con-
struction.

The |MPLEMENTAT|0N is different for

single-sited and distributed Rls. In the
first case it corresponds to an intense in-
vestment period of several years for con-
struction engaging human and financial
resources with big impact on the market
- suppliers of goods and technologies.
Longer-term benefits are generated to the
hosting territory: employment, upgrade of
services, internationalisation and up-skill-
ing of the population, increased demand
on high level services - schools, commu-
nication, financial services for international
employees - and joint development of nov-
el technologies that remain as a competi-
tiveness legacy to the procuring firms. In
case of distributed Rls, the implementation
implies intense negotiations as both the
Central Hub and the national nodes require
specific commitments. The development of
a successful governance and management
structure may be of higher complexity than
for single-sited Rls. Nevertheless, in several
cases distributed RlIs have been quite effi-
cient at establishing their legal entities and
launching services to the user community.

During their UPERATIUN RIs produce

frontier research and deliver advanced
services for excellent science satisfying
the users' demand, boosting brain circu-
lation of early career scientists and train-
ees, therefore improving the ranking of
their academic and research institutions.
Rls can create spin-offs and start-ups and
attract corporate partners generating a
high potential for innovation. The oper-
ational costs of RlIs range from 8 to 12%
of the initial capital investment per year.
A twenty-year operation cycle may develop
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before major upgrades, requiring new sub-
stantial capital investment, are needed. The
upgrade cycles in case of HPC and e-Infra-
structures are typically much shorter.

The TERMINATIUN may encompass dis-

solution of the organisation, dismantling of
facilities and related safety aspects and res-
urrection of the original site but it does not
apply in these identical terms in all research
domains. The Termination Phase could also
result in a new infrastructure development
as part of the evolution of the field. Re-ori-
entation of Rl sites has already occurred, e.g.
in nuclear research or high-energy physics,
where outdated RI have been transformed
into analytical facilities with new science
missions built upon the presence of tech-
nological infrastructure, logistics, human
resources and organisation.

According to the lifecycle model, the
ESFRI Roadmap Dynamics implies the
MONITORING OF ESFRI PROJECTS. The
ESFRI Projects that entered the Roadmap
in 2008 and 2010 underwent monitoring in
2017-2018. In addition, ESFRI carried out a
pilot exercise - PILOT PERIODIC REVIEW
OF ESFRI LANDMARKS - for collecting
elements to build a methodology to be
applied in the future for the periodic
updating of the ESFRI Landmarks' state of

play.

Both processes were performed in parallel
by the Strategy Working Groups (SWGs)
in the Energy (ENE), Environment (ENV),
Health & Food (H&F), Physical Sciences
& Engineering (PSE), Social & Cultural
Innovation (SCI) and Data, Computing and
Digital Infrastructures (DIGIT)
domains for the evaluation of the scientific
case, and by the Implementation Group (IG)
for the assessment of the maturity aspects.

Research

The scheme of the ESFRI Roadmap
Dynamics is represented in Figure 2.
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*according to the ten-year rule the ESFRI Projects 2010 will be monitored

in view of next Roadmap update that will be carried out in 2020.
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MONITORING OF ESFRI PROJECTS

The specific goals of the MONITORING OF THE ESFRI
PROJECTS is to check the overall progress towards implemen-
tation according to the fulfilment of minimal key requirements as
defined in the ESFRI Roadmap Guide. The monitoring process
leads to conclusions, advices to the Projects and recommenda-
tions to the Forum, including the possible promotion of Projects
to the status of Landmark. The ten-year rule introduced with the
Roadmap 2016 stipulates that Projects have ten years of resi-
dency on the Roadmap to reach implementation: those that do
not meet this goal are removed from the Roadmap, albeit they
can decide to re-apply in full competition with all new proposals.
Projects that successfully reach the Implementation Phase can
be further considered for the Landmark status.

the MONITORING OF SIX ESFRI PROJECTS 2010 -
EU-SOLARIS, MYRRHA, WindScanner (ENE); AnaEE, ISBE, MIR-
RI (H&F) - was carried out with questionnaires addressing ge-
neric and specific aspects of the scientific case and progress
towards implementation. The outcomes were presented to the
Forum which took note of most common bottlenecks concern-
ing legal and financial issues encountered by the projects.

the MONITORING OF NINE ESFRI PROJECTS 2008 -

ECCSEL ERIC (ENE); EISCAT_3D, EPOS, SIOS (ENV); EMBRC
ERIC, ERINHA, EU-OPENSCREEN ERIC, Euro-Biolmaging (H&F);
CTA (PSE) - was meant to verify the achievement of the Imple-
mentation Phase as expected by the end of their ten years in
the Roadmap. Specific questionnaires were addressed to each
of the nine ESFRI Projects 2008, followed by invitation to for-
mal hearing sessions. The SWG and IG Chairs harmonised the
results of the monitoring, and the Executive Board (EB) formu-
lated the recommendation to the Forum to award the status
of ESFRI Landmark to eight of the 2008 Projects. One project
- SIOS - did not reach the pan-European dimension that is re-
quired to be an ESFRI Landmark. SIOS is described in the Land-
scape Analysis but it is not listed anymore as ESFRI RI.

PILOT PERIODIC REVIEW
OF ESFRI LANDMARKS

The PILOT PERIODIC REVIEW OF ESFRI LANDMARKS has
been carried out to develop and test a methodology for the
periodic update of the state of play of the ESFRI Landmarks.
Four Landmarks volunteered to be part of the pilot exercise,
upon invitation. They were: ELIXIR (H&F), as a distributed RI
example dealing with high data-intensiveness and e-needs;
SPIRAL2 (PSE), as a single site Rl with special implementation
conditions; the ESS ERIC (SCI), as a distributed RI with issues
connected to the management of social sciences data and
e-needs; ICOS ERIC (ENV) as a Rl with global outreach. The les-
sons learnt from the pilot exercise were presented to the EB
and to the Forum. The inputs to the future methodology are
sketched below.
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LANDSCAPE ANALYSIS

With the Roadmap 2016, ESFRI performed a broad LANDSCAPE ANALYSIS
of the Research Infrastructures accessible to European scientists and
industry to structure an overview of the European Rl ecosystem in all
fields of research. This includes national, regional and international fa-
cilities, as well as consortia that offer integrated services and transna-
tional access to state-of-the-art resources for research.

The Landscape Analysis is an indicative
reference document and does not
represent, in any way, the view and
prioritisation of ESFRI, nor any national
financial and political commitment.

A

The goals of the Landscape Analysis are to:

= provide a survey on major transnational Rls offering open access to
researchers, students, teachers, support staff, education and research
institutions, business, industries and public services in all domains;

= keep track of the developments and trends from
thematic roadmaps and strategy papers;

= understand the complementarity and effectiveness
of interfaces between RI, also across areas;

= provide an overview of the European RI ecosystem
enabling ESFRI to fulfilits strategic and incubator roles;

= enable ESFRI to identify gaps in the European Rl landscape
and promote inter- and cross- disciplinary aspects;

= update evidence on the overall value and sustainability
issues of the operational Rls.

In 2018, the SWGs updated the Landscape Analysis in the ENE, ENV,
H&F, PSE, SCI scientific domains and the e-IRG updated the analysis
on Data, Computing and Digital Research Infrastructures, with con-
tributions from the DIGIT SWG. The thorough knowledge of the Rls
Landscape and of its dynamics is a prerequisite for developing optimal
strategies in the field of Rls aimed at strengthening the competitive-
ness and value - excellence and impact - of European research. The
Landscape Analysis is a key ingredient of the ESFRI Methodology.
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EVALUATION AND ASSESSMENT
OF NEW PROPOSALS

The selection of new proposals was carried out according to the
well established procedure introduced for the Raodmap 2016,
whose flow-chart is given in Figure 3.

Member States, Associated Countries and EIROforum mem-
bers were eligible to submit proposals for the ESFRI Roadmap
2018. Since Roadmap 2016, in order to identify a limited num-
ber of projects with a high degree of maturity to ensure max-
imum likelihood to reach implementation within the ten-year
deadline, ESFRI introduced important eligibility conditions:
the expression of funding commitment by the lead Member
State or Associated Country or a resolution of the Council for
EIROforum organisations; the proof of political support by at least
two additional MS/AC or EIROforum organisations; and the inter-in-
stitutional and multi-lateral agreement signed by the core partners
formally involved in the consortium. These requirements strength-
ened both links with the Governments involved and the research
communities, encouraged a closer dialogue among them and sup-
port from the very beginning of the RI project resulting in increased
likelihood of successful implementation.

The deadline for online submission of new proposals expired on 31
August 2017. In September, the EB checked each proposal for eligi-
bility and proposed attribution to the leading SWG. Proposals carry-
ing a prominent impact across multiple domains were attributed also
to a second SWG. In addition, as projects with dominant, or substan-
tial, digital Research Infrastructure character were submitted, ESFRI
decided to establish a new Strategy Working Group on Data, Com-
puting and Digital Research Infrastructures - the DIGIT SWG.

The twelve submitted proposals were all eligible and underwent the
two parallel and independent evaluation processes run by SWGs
and IG, also involving independent external experts. Based on their
analysis, the SWGs and |G identified several critical questions about
each proposal, and then liaised to achieve a common list of issues.
In one case the conclusions were that the proposal did not meet the
minimalrequirements to be considered as potential candidate forthe
Roadmap 2018. Eleven proposals were invited to dedicated hearing
sessions during which the Coordinators addressed and discussed
the issues. After the hearings, the SWGs and IG reached their con-
clusions and drafted a joint evaluation report for each project.

The harmonisation of the results on scientific excellence and ma-
turity required three dedicated meetings of WG Chairs and EB. Ac-
cording to the ESFRI Roadmap Guide 2018, a threshold score High
on both scientific excellence and maturity is needed for considering
inclusion in the Roadmap 2018. Nine proposals were harmonized:
four passed the criteria for inclusion and five did not meet the min-
imal requirements. Two projects could not be harmonised as the
concerned SWGs and the IG could not reach a conclusive common
position on the fate of the proposals. Based on these inputs the
EB assessed the strategic value of the four proposals evaluated for
inclusion, considering their role in filling gaps and overall reinforc-
ing the Roadmap. The EB also discussed the two non-harmonised
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proposals, as both met the scientific excellence criterion and bear a
high strategic potential value for a timely inclusion in the Roadmap.
This led to the recommendation of the six new entries in the ESFRI
Projects list that was adopted on 28 June 2018 during the 65" ESFRI
Forum Meeting in Corfu.

Ample discussion in the Forum also led to identifying the high stra-
tegic potential areas of research in the field of Social & Cultural In-
novation: the area of religious studies and that of digital services for
open science, as described in a dedicated page in the Landscape
Analysis.

NEXT DEVELOPMENTS

The ESFRI Methodology is continuously adapted to better serve
the scope of the Roadmap, as well as to integrate the new man-
dates that ESFRI receives from the EU Council. In particular, the
forthcoming refinements that will be discussed by the Forum will
take into account the EU Council Conclusions of 29 May 2018 on
Accelerating knowledge circulation in the EU? that "Stresses the
importance of human resources and training skills as key factors in
the success for Research Infrastructures and ACKNOWLEDGES the
need for Research Infrastructures to strengthen a service-driven
approach; INVITES Member States and the Commission within the
framework of ESFRI to develop a common approach for monitor-
ing of their performance and INVITES the Pan-European Research
Infrastructures, on a voluntary basis, to include it in their gover-
nance and explore options to support this through the use of Key
Performance Indicators”. These recommendations inspire the for-

mulation of PERIODIC UPDATES OF LANDMARKS. and the work

TOWARDS A FEW GENERIC KEY PERFORMANCE INDICATORS.

The concept of ESFRI Landmarks implies periodic updating of their
state of play throughout all the lifecycle phases. 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. ESFRI will be responsive to the possible requests for
guidance indicated by the Research Infrastructures, and will take
note of all the internal and external evaluations performed by their
stakeholders and users communities, in order to be effectively up-
dated on the state of play of the Landmarks.

The goal of future periodic reviews of ESFRI Landmarks - henceforth
referred to as Periodic Updates of ESFRI Landmarks - is to under-
stand the scientific status of each Landmark, considering its specif-
ic position in its lifecycle, and enabling ESFRI to fully deploy its stra-
tegic role and support the Landmarks. Moreover, periodic updates
on ESFRI Landmarks will facilitate meaningful interaction between
ESFRI and its Delegations to address the gaps and areas of strate-
gic importance highlighted in the Landscape analyses.

The periodic update of ESFRI Landmarks differs fundamentally
from the evaluation and assessment of proposals and from the
monitoring of Projects along the following lines.
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= |t is independent from the ESFRI Roadmap updates and each
Landmark is addressed for update periodically, taking into account
the specific context of each RI.

= The periodic updates primarily take stock of external and internal
evaluations provided by the Landmarks themselves and carried out
by their internal bodies, funders and stakeholders. Importantly, the
periodic review is directed towards providing a basis for dialogue
between ESFRI, Landmarks and other stakeholders, taking into
account also national roadmap processes.

= ESFRI will identify a combination of generic KPIs and specific
KPIs - suggested by the Rl itself - for updating the state of play of the
Landmarks. It is important that each KPI is set against certain targets
or metrics in terms of self-assessment and quality assurance.

= The updates of the Landmarks are meant to establish a lasting di-
alogue between ESFRI and the ESFRI Landmarks - and their research
communities - and with the involved countries.

= A non-bureaucratic, evidence based, periodic update of Land-
marks will reinforce the strategic role and position of ESFRI in support-
ing these Ris when referring to the EU Council, as well as in allowing for
the maintenance of the Landmarks' list.

TOWARDS A FEW GENERIC KEY PERFORMANCE INDICATORS

To help address the unique aspects of each RI, Landmarks will devel-
op specific KPIs and report on the few generic ones chosen by ESFR,
therefore updating their profile and capturing their own peculiarities.
Avoiding one-size-fits-all shortcomings, indicative elements for devel-
oping flexible KPIs include:

= scientific excellence outcomes, output and delivery of talent;

= reference role in the disciplinary field (uniqueness in capabilities,
in capacity) at European and international level;

= progress in achieving the RI's milestones along its lifecycle;

= impact, innovation, entrepreneurship;

= establishment and development of the RIs' user community;

= scientific data management policy, metadata catalogue interfacing
EOSC and similar open science initiatives, advanced data services for

scientific analysis and for innovation developments;

= enforcement of quality control of access (peer review), data (FAIR
and reproducible), and services to research and innovation.
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Another important development will concern the ADVANCED

COSTS ANALYSIS of the Ris through their lifecycle.

The ESFRI Roadmap quotes indicative costs of the Projects and, since
2016 of the Landmarks, under the categories of Capital Value, Con-
struction Cost, Operational Cost, Termination Cost as they are de-
scribed in the guidelines and obtained from the Coordinators of the
Research Infrastructures. These cost values are indicative, but overall
turn out to be not accurate as they are interpreted differently by differ-
ent types of RIs, or quoted inconsistently through the years. As a con-
sequence, ESFRI has taken the initiative to start a study and discussion
to improve the economic information on Ris and to facilitate both the
Rls to produce reliable data and the users of the Roadmap to retrieve
consistent information.



LESSONS LEARNT

The ESFRI process with its Roadmap updates constitutes an
important strategic framework for the development of Research
Infrastructures of pan-European relevance and thus for the
European Research Area as a whole. The continuous assessment
and adjustment of its methodology enables ESFRI to fulfil its
strategic role, especially in view of upcoming political needs and
challenges such as the Long-Term Sustainability of Research
Infrastructures as well as the new mandates ESFRI was entrusted
with by the Competitiveness Council. In order to preserve and
further develop the strengths ESFRI has built up over time, a
constant focus on ESFRI's strategic mission is essential. As the
landscape of ESFRI Research Infrastructures becomes richer
and more comprehensive, it is important to focus on initiatives

of strategic importance, with high added-value and significant
potential to develop unique resources and services for European

research and innovation.

ESFRI's experience shows that the primary
element for success and effective imple-
mentation is sustained scientific excellence
and impact. Particular attention needs to
be paid from the beginning to the maturity
of projects. Evidence gained in the course
of the ESFRI process clearly demonstrates
that a strong scientific case together with
stakeholder commitments and professional
project planning secure Rl implementation
at a steady pace. Conversely, weaknesses
in any of these key aspects have proven to
hamper the RI implementation over time,
incrementing the risks. Clear feedback on
gaps and weaknesses observed by ESFRI
at an early stage can substantially support
the projects in overcoming such difficulties.
Stakeholder commitments are mostly
based on proposals which have been de-
veloped over years. For the Roadmap 2016,
ESFRI for the first time asked for reliable
commitments - e. g. regarding financial
support - from at least one Member State
or Associated Country. This approach was
extended for the Roadmap 2018, requir-
ing proposals not only to prove political or
financial support from MS/AC, but also to
provide consortium agreements signed by
the participating institutions. All commit-
ments had to be submitted right from the
beginning as an eligibility criterion. These
requirements have proven important ele-

ments of ESFRI's methodology, represent-
ing a focus on the robustness of financial
planning which should be further strength-
ened.

Another challenge identified in the dis-
cussion on Long-Term Sustainability of
Research Infrastructures is to find ways to
improve the alignment of ESFRI and na-
tional roadmap processes while bearing in
mind their different goals and scopes. To
achieve this objective, a common under-
standing of key evaluation criteria based
on improved communication and exchange
of experience would be of great advan-
tage. This would help to build efficiently
upon already existing quality assurance
mechanisms established by the Research
Infrastructures and their funders avoiding
duplication of evaluation activities whilst
enabling an effective update of the state
of play of the RIs through their lifecycle. In
view of the considerable amount of time
required to reach stakeholder commit-
ments and agreements between different
institutions or MS/AC, ESFRI could consider
Roadmap updates longer than the current
two-year pace. This would facilitate the
preparation of mature proposals and thus
contribute to the Long-Term Sustainability
of Research Infrastructure development.
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The creation of the European Research
Infrastructure Consortium (ERIC) as a le-
gal entity model for European Research
Infrastructures has helped to develop sol-
id RI-governance in many cases, but has
proven to be a bottleneck for the progress
of initiatives in some others, making evident
the need of flexibility.

With the new EU Council mandate of 29
May 2018% that invites Member States
and the Commission within the frame-
work of ESFRI to develop a common
approach for monitoring the RIs' per-
formance, ESFRI is facing a challenging
task. ESFRI's role and tasks in this context
need to be defined in detail, taking into
account the fact that ESFRI is an informal
strategy forum and that ESFRI Research
Infrastructures are funded by MS/AC in
variable geometry. Providing for compre-
hensive evaluations should thus be the task
of the funding members. However, ESFRI
could recommend evaluation criteria with
key requirements along the dimensions of
the lifecycle.

Exploring options for the development and
use of Key Performance Indicators is an-
other action needed for the further devel-
opment of ESFRI's methodology. KPIs are
expected to increase effectiveness, com-
plementarity and transparency of the ESFRI
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monitoring and evaluation activities, avoiding one-size-fits-all approaches and calibrating a
sustainable workload for ESFRI.

The developments in the field of data access and data management also need to be
reflected in the ESFRI Methodology. This holds particularly true for the European Open
Science Cloud/European Open Science Data Commons. Major contributions by ESFRI
Research Infrastructures are a key ingredient for the advancement of the EOSC which need
to be fully reflected in procedures and governance. ESFRI has a prime role in taking care
that the standards for FAIR data - as developed within the EOSC framework - and the Data
Reproducibility requirement are implemented within the whole range of ESFRI Research
Infrastructures and beyond.

The evaluation process for new ESFRI proposals is also an important part of ESFRI Method-
ology, as it determines which initiatives enter the ESFRI Roadmap. In this context, the ESFRI
Roadmap 2018 update demonstrated that a balanced approach is needed with regard to
criteria for evaluation of the scientific case and implementation. The minimal key require-
ments against which the proposals are evaluated worked well. Nevertheless, they could be
further streamlined allowing the simplification of the submission form with a focus on the
most essential information. The role of the ESFRI Working Groups involved in the evaluation
will remain central in the whole process. The independent advice provided by the external
experts, under transparent conditions of absence of conflict of interest, helped the WGs
to develop a fully informed analysis of the proposals. It must be stressed also that the full
responsibility of the ESFRI Forum for strategic advise on the European RIs policy is engaged
both at EB level, when recommendations are formulated, and at plenary level, when the
final decisions are taken. This may include the decision to give evidence, in the Landscape
Analysis, to special research areas of high strategic potential that emerged through the
evaluation process and Forum discussion.
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he European Strategy Forum on Research

T Infrastructures (ESFRI) was set-up in 2002

as an informal Forum - composed of rep-
resentatives of national authorities of the

Member States (MS) and Associated Countries (AC) of
the European Union and the European Commission
(EC) - following the original mandate® of the Com-
petitiveness Council of the European Union of June
2001 - and reaffirmed in November 2004, May 2007,
December 2012, May 2014, December 2015 - in order:

= to support a coherent and strategy-led approach
to policy making on Research Infrastructures in Europe;

= to facilitate multilateral initiatives leading to a bet-
ter use and development of Research Infrastructures
acting as an incubator for pan-European and Global
Research Infrastructures;

= to establish a European Roadmap for Research
Infrastructures - new and major upgrades, of pan-Eu-
ropean interest - for the coming 10-20 years, stimu-
late the implementation of these facilities, and update
the Roadmap as the need arises?;

= to ensure the follow-up of implementation of al-
ready ongoing ESFRI Projects after a comprehensive
assessment, as well as the prioritisation of the infra-
structure projects listed in the ESFRI Roadmap?;

= to implement the ERA Priority 2b: Research
Infrastructures®;

The EU Council has asked to prepare the ESFRI
Roadmap update in 2018 as well as to closely moni-
tor the implementation of the listed ESFRI Projects and
to periodically update the scientific status of ESFRI
Landmarks?; recently, it has invited to develop with
Member States and the European Commission a com-

mon approach for monitoring Research Infrastructures®.

In this context, the Forum is responsible for the strate-

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

2. Conclusions of the Competitiveness Council, 25-26 November 2004,
21-22 May 2007, 26 May 2014

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 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

6. 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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gic planning of Research Infrastructures, to elaborate
recommendations on issues raised by one or more
country Delegations and/or on specific mandates of
the Competitiveness Council of the European Union
(BOX 6).

THE ESFRIFORUM

The ESFRI Forum is composed of
representatives - the Delegates - of
the EU Member States and Associated
Countries, plus the European
Commission. ESFRI Forum Meetings are
held on a regular basis, typically four
times a year, as convened by its elected
Chair who holds a non-renewable two-
year mandate, with a possible extension
of up to a third year. An Executive Board
(EB) - formed by seven members
chosen among the Forum Delegates
and the EC representative - supports
the Chair in preparing the agenda items
of the EB and the Forum meetings, and
formulating recommendations to the
Forum in a transparent way. A Secretariat
is provided by the EC. ESFRI does not
have its own budget: Delegates and
experts forming the ESFRI Working
Groups are expected to be supported by
their Governments. Specific activities of
ESFRI - assistance to the Chair, realisation
of the Roadmap update, publication of
relevant documents, communication and
dissemination, organisation of workshops
and exchanges of experience for the
sharing of good practices - are partially
supported by dedicated EU-funded
projects: CoPoRI FP7 (2011-2014)* and
StR-ESFRI H2020 (2015-2019)°.

1. Communication and Policy development for
Research Infrastructures in Europe - CoPoRI
https.//cordis.europa.eu/project/rcn/100343_en.html

2. Support to Reinforce the European Strategy Forum
for Research Infrastructures - StR-ESFRI
https://cordis.europa.eu/project/rcn/194950_en.html

BOX 6.

The ESFRI Forum

ESFRI has established permanent Strategy Working
Groups (SWGs), whose members are experts iden-
tified by the Delegations - plus EC representatives
and one e-IRG expert - and the Implementation
Group (IG), whose members are ESFRI Delegates,
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ensuring complementary expertise and realising
an adequate and fair balance in science and sci-
ence management. The SWGs cover the scientific
fields of Energy (ENE), Environment (ENV), Health
& Food (H&F), Physical Sciences & Engineering
(PSE), Social & Cultural Innovation (SCI), and - since
2017 - Data, Computing and Digital Research In-
frastructures (DIGIT). The SWGs assess the scien-
tific case of the ESFRI Projects and ESFRI Land-
marks - according to excellence, pan-European
relevance, socio-economic impact, e-needs - and
carry out the Landscape Analysis (LA). The LA pro-
vides an updated overview of the European ecosys-
tem consisting of major Rls operating transnational
access and of major ongoing projects; it allows rec-
ognising gaps and challenges with an outlook to
the global landscape. The Implementation Group
assesses the maturity aspects of the ESFRI Projects
and ESFRI Landmarks - according to stakeholder
commitment, user strategy & access policy, prepa-
ratory work, planning, governance & management,
human resources policy, finances, and risks. ESFRI
benefits from a close collaboration with the e-IRG
whose representatives in all SWGs help in evalu-
ating the specific e-Infrastructure needs (e-needs)
of each RI and their interface with the horizontal
e-Infrastructure services.

ESFRI has developed a methodology to identify those
Research Infrastructures needed for European’'s com-
petitiveness in research and innovation, being all
new undertakings that fill an existing gap in research
capability or capacity at the frontiers of knowledge,
or being major upgrades of existing operational
pan-European Research Infrastructures. The first Eu-
ropean Strategy Report on Research Infrastructures
was published in 20067; the Roadmap was then up-
dated in 2008%, 20109, 2016°.

After the Roadmap 2010, ESFRI focused on the im-
plementation issues of the Research Infrastruc-
tures taking into consideration the specificities
related with their organisation and research do-
main. In 2011, ESFRI was mandated to meet the
goals of the Innovation Union Flagship Initiative
that by 2015, Member States together with the
European Commission should have completed or

7. ESFRI Roadmap 2006
https.//ec.europa.eu/research/infrastructures/pdf/esfri/esfri_roadmap/
roadmap_2006/esfri_roadmap_2006_en.pdf

8. ESFRI Roadmap 2008
https.//ec.europa.eu/research/infrastructures/pdf/esfri/esfri_roadmap/
roadmap_2008/esfri_roadmap_update_2008.pdf

9. ESFRI Roadmap 2010
https./ec.europa.eu/research/infrastructures/pdf/esfri-strategy._
report_and_roadmap.pdf

10. ESFRI Roadmap 2016
http:/www.esfrieu/roadmap-2016
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launched the construction of 60% of the priority
European Research Infrastructures currently identi-
fied by ESFRI"™*, In 2013, the EC - in consultation with
ESFRI - established a group of independent experts,
the Assessment Expert Group (AEG)*® to assess the
status of all Roadmap projects and their readiness to
start implementation. Moreover, upon request by the
EC, ESFRI carried out the analysis of the projects that
could most effectively take advantage of the special
support measures within Horizon 2020 for meeting
the Innovation Union Flagship Initiative goal.

ESFRI - upon the EU Council mandate of 26 May 2014
which welcomed ESFRI plans “to update its Roadmap
and called on ESFRI to continue the prioritisation of
all the Research Infrastructure projects of the ESFRI
Roadmap™? - designed a largely updated method-
ology for the new Roadmap to be published in 2016.
ESFRI established a parallel process: the evaluation
of the scientific case was carried out by the Strategy
Working Groups covering five thematic areas, and
the assessment of implementation was addressed,
independently, by the Implementation Group. All
Working Groups made use of independent external
experts - who declared absence of conflict of inter-
est - to formulate a comprehensive assessment of
the project, based on its scientific excellence, its pan-
European relevance, and its maturity to engage in the
ESFRI process. The outcomes of this procedure were
presented to the EU Council with the publication of
the Roadmap 2016.

The Roadmap 2016 was conceived having sustain-
ability in mind: higher level of maturity, officially ex-
pressed political support by Member States and As-
sociated Countries, as well as funding commitment,
were set as eligibility criteria. This was coherent with
the introduction of a ten-year maximum permanence
time for a Rl project on the Roadmap list, a timeframe
that was considered adequate to carry out the full
implementation process, developing from a concept
to a sustainable legal entity. The concept of ESFRI
Landmark - along with the definition of ESFRI Project
(BOX 2) - was introduced to identify those ESFRI RIs
that, having reached full implementation or an ad-
vanced construction stage, with a stable legal status
acknowledged by MS and AC, and a sustainability
plan, currently represent a reference in their field. The

11. Europe 2020 Flagship Initiative Innovation Union
https.//ec.europa.eu/research/innovation-union/pdf/innovation-union-
communication-brochure_en.pdf

12. Assessment Expert Group (AEG)
https.//ec.europa.eu/research/evaluations/pdf/archive/other_reports_
studies_and_documents/esfripdf

13. 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://data.consiliumeuropaeu/doc/document/ST-10257-2014-INIT/en/pdf



https://ec.europa.eu/research/infrastructures/pdf/esfri/esfri_roadmap/roadmap_2006/esfri_roadmap_2006_en.pdf
https://ec.europa.eu/research/infrastructures/pdf/esfri/esfri_roadmap/roadmap_2006/esfri_roadmap_2006_en.pdf
https://bit.ly/2v0qmrl
https://ec.europa.eu/research/infrastructures/pdf/esfri/esfri_roadmap/roadmap_2008/esfri_roadmap_update_2008.pdf
https://ec.europa.eu/research/infrastructures/pdf/esfri/esfri_roadmap/roadmap_2008/esfri_roadmap_update_2008.pdf
https://bit.ly/2OacOCl
https://ec.europa.eu/research/infrastructures/pdf/esfri-strategy_report_and_roadmap.pdf
https://ec.europa.eu/research/infrastructures/pdf/esfri-strategy_report_and_roadmap.pdf
https://bit.ly/2LAkz6a 
http://www.esfri.eu/roadmap-2016
https://ec.europa.eu/research/innovation-union/pdf/innovation-union-communication-brochure_en.pdf
https://ec.europa.eu/research/innovation-union/pdf/innovation-union-communication-brochure_en.pdf
https://bit.ly/2qxRP17
https://ec.europa.eu/research/evaluations/pdf/archive/other_reports_studies_and_documents/esfri.pdf
https://ec.europa.eu/research/evaluations/pdf/archive/other_reports_studies_and_documents/esfri.pdf
https://bit.ly/2OfqQCD
http://data.consilium.europa.eu/doc/document/ST-10257-2014-INIT/en/pdf

ESFRI Landmarks are successful scientific achieve-
ments and major assets for the competitiveness of
the European Research Area. The ESFRI Roadmap
2016 listed a total of 21 Projects and 29 Landmarks.

The ten-year rule for the Projects and the concept of
Landmarks as reference Rls imply a monitoring and
periodic updating on the status of the Ris to provide
ESFRI with the informed state of play of the ensemble
of the Roadmap Infrastructures. This complies with
the recommendations of the EU Council of May 2016°
who invited ESFRI to “closely monitor the implemen-
tation of ESFRI Projects and to periodically assess the
scientific status of ESFRI Landmarks, as well as to pre-
pare the ESFRI Roadmap update in 2018", and further
confirmed such mandate in May 2018°. Consequent-
ly, ESFRI has refined its evaluation approach for the
new proposals, and developed a methodology for the
monitoring of the ESFRI Projects, namely when ap-
proaching the ten-year time limit. ESFRI has also car-
ried out a first pilot periodic review of four Landmarks
in order to test the elements for a future dedicated
methodology.

ESFRI activities encompass response to specific addi-
tional mandates of the EU Council: i) to contribute to
a strategic plan for an industry-oriented cooperation
of the Research Infrastructure™; ii) to explore mech-
anisms for better coordination of Member States'
investment strategies in e-Infrastructures, covering
also HPC, distributed computing, scientific data and
networks*?; iii) to contribute to the debate on ensuring
the long-term sustainability of Research Infrastruc-
tures®; iv) to develop a common approach for moni-
toring of Research Infrastructures' performance, invit-
ing the pan-European Research Infrastructures, on a
voluntary basis, to include it in their governance and
explore options to support this through the use of Key
Performance Indicators®; v) to establish effective coor-
dination between EOSC and ESFRI*®. ESFRI address-
es the mandates by performing in-depth analyses
and studies, in some cases creating ad hoc Working
Groups to inform the Forum on emerging needs and
requirements dictated by the evolutions of the Rls
ecosystem and their implications.

ESFRI has activated four ad hoc Working Groups

14. Conclusions of the Council of the European Union of 31 May 2011
on Development of the European Research Area (ERA) through ERA
related groups. Doc. 11032/11
http://registerconsilium.europa.eu/doc/srv?I=EN&f-ST%2011032%20
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in the period 2013-2017. The Working Group on
Innovation - INNO WG, 2013 - was set-up to fulfil the
Council mandate to contribute to a strategic plan for
an industry-oriented cooperation of the Research
Infrastructures*®. The Neutron Landscape Group -
NLG, 2014 - was mandated by the PSE SWG to anal-
yse the European and international landscape of
Neutron Scattering facilities, and its evolution over
the next decades with the expected shutting-down
of research reactors and starting operation of new
spallation sources. The Working Group on Investment
Strategies in e-Infrastructures - e-INFRA WG, 2015 -
was set-up integrating competences from the e-IRG
to respond to the Council mandate on coordination of
Member States' investment strategies in e-Infrastruc-
tures*® and formulated recommendations that were
adopted by ESFRI in December 2017. The Working
Group on Long-Term Sustainability - LTS WG, 2016 -
was setup to comprehensively respond to the Coun-
cil mandate on Long-Term Sustainability of Research
Infrastructures®.

The results of the analysis produced by the ad hoc
WGs can be of general interest and impact, in which
case they deserve publication: ESFRI has created the
ESFRI Scripta series and published three volumes.
The first one was released in September 2016 with
the title “Neutron scattering facilities in Europe: pres-
ent status and future perspectives” based on the NLG
report*’. The second ESFRI Scripta was published in
October 2017, entitled “Long-Term Sustainability of
Research Infrastructures’, based on the conclusions
of the LTS WG*®. The third volume was published with
the title “Innovation-oriented cooperation of Research
Infrastructures” in January 2018, based on the results
of the INNO WG™®.

ESFRI has resumed the publication of periodic reports
with the Annual Report 2016°° and it will publish a
Biannual Report for the years 2017-2018.

All reports are available electronically through

www.esfri.eu.

17. Neutron scattering facilities in Europe: Present status and future
perspectives, ESFRI Scripta Vol.1, September 2016
http:7www.esfrieu/sites/default/files/u4/NGL_
CombinedReport_230816_Complete%20document_0209-1.pdf

18. Long-Term Sustainability of Research Infrastructures, ESFRI Scripta
Vol.2, October 2017
http./www.esfrieu/sites/default/files/u4/ESFRI_SCRIPTA_TWO_

2011%20INIT

15. Conclusions of the Council of the European Union of 29 May 2015
on Open, data-intensive and networked research as a driver for faster
and wider innovation. Doc. 9360/15
http.~/data.consilium.europa.eu/doc/document/ST-9360-2015-INIT/en/pdf

PAGES_19102017_1.pdf

19. Innovation-oriented cooperation of Research Infrastructures, ESFRI
Scripta Vol.3, January 2018
http:/www.esfrieu/sites/default/files/u4,/ESFRI_SCRIPTA_VOL3_INNO_
single_page.pdf

16. Conclusions of the Council of the European Union of 29 May 2018
on European Open Science Cloud (EOSC). Doc. 9291/18
https./wwwera.gv.at/object/document/4013/attach/CC_EOSC_final. PDF

20. ESFRI Annual Report 2016
http./www.esfrieu/sites/default/files/docs/ESFRI%20Annual%20
report%2016_web.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. The unique contribution played
by the ESFRI RIs in all scientific domains is analysed along with the interconnections and
cross-cutting aspects of the whole European RIs ecosystem.

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

N

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.

PAG 47 Each domain is structured, when needed, in areas or subdomains of research, and the interfaces of the RIs be-
longing to the same disciplinary area are captured by plots with the relevant dimensions. The gaps, challenges
and future needs are analysed for each group of thematic RIs and summarised. Research develops both within
disciplinary domains and across disciplinary borders so that the needs for competitive research imply to enable a
smooth access to multiple and diverse Rls.

In addition, the Section1 indicates high strategic potential areas of research in the field of Social & Cultural Innovation,
that resulted form the Roadmap preparation work.

is an all-new analysis effort to render explicit the relevant connections that already exist among
different thematic areas by means of the ESFRI Rls, and to identify the critical needs and oppor-
tunities for new links and new research practices.

PAG 25 The interconnections mediated by ESFRI RIs are displayed in the graph - Interconnections between ESFRI Rls
and scientific domains - and in the extended caption - Description of the interconnections. The ensemble of
the information represents the baseline formed by ESFRI RIs and its high potential for interdisciplinary and multi-
disciplinary research. It is clear that the high need of new knowledge across the disciplinary boundaries cannot be
addressed by the Rls alone, even less by the sole set of ESFRI RIs; it does involve the organization of research at
large. The contribution of well interconnected Ris can play a major role in favouring the establishment of standards
and good practices on two fronts: the data interchange/interoperability among Rls - a prototype implementation
of the EOSC - and the multifaceted research process that - in case of Grand Challenges of non-disciplinary nature
- requires effective work-plans across the full system of Research Infrastructures.

describes the state of play of the Research Infrastructures in addressing transversal issues like
education and training, needs for digital infrastructure, contribution to innovation along with the
horizontal analyses like socio-economic impact, territorial impact, pan-European and global di-

mensions that are carried out by all Rls.

The impact of RIs on European research, innovation, culture and society is reflected in training to research and
higher education, transfer of disruptive knowledge and refinement of technical understanding to the economy
sector of production and services. The prime role of RIs in generating high-quality data for enabling a knowl-
edge-based economy is transversal to all disciplines and research practices. The analysis of the impact is conduct-
ed for all areas with consistent methodology and gives evidence of the contributions and challenges in generating
innovation and socio-economic benefits at national, European, and global levels.

The Landscape Analysis has been realized by the Strategy Working Groups in the , ENVIRONMENT (ENV),

HEALTH & FOOD (H&F), PHYSICAL SCIENCES & ENGINEERING (PSE), and SOCIAL & CULTURAL INNOVATION (SCI) for the respective
domains. The e-Infrastructure Reflection Group (e-IRG) and the Strategy Working Group on DATA, COMPUTING AND DIGITAL RESEARCH
INFRASTRUCTURES (DIGIT) contributed to the relevant Landscape Analysis.
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The energy sector is key to social and economic
development. Especially in some non-OECD countries
the energy sector sees very high growth rates due

to rising GDP. However, it contributes significantly to
global CO2 emissions. For the EU, the reduction of CO2
emissions in a sustainable framework is a major driver
of its energy policy. This provides opportunities for new
technologies both for application within and outside of

the EU.

Thus the European Commission's Energy
Union® strategy has formulated the objective
of creating a secure, sustainable, competitive
and affordable energy system. This funda-
mental transformation will be achieved by
more flexible, more decentralized and more
integrated ways of production, consumption,
transport and storage of energy while at the
same time promoting the development of
existing and novel energy technologies. Ener-
gy innovation is driven by stakeholders from
industry and research as well as society. For
this reason, Europe has elaborated its path
towards energy innovation in the Strategic
Energy Technology Plan (SET-Plan)®. Energy
Research Infrastructures (RIs) play a major
role injoining Europe's efforts to drive forward,
test and demonstrate technologies and their
interplay in the future energy system.

Energy Rls are to a great extent interdisciplin-
ary undertakings, as expertise from Physics,
Engineering, Computer Sciences and other
academic fields converge to support energy
technologies and systems development. This
is reflected by strong interactions of the ener-
gy field with the other ESFRI domains. ESFRI
Energy Ris are:

= the ESFRI Landmark JHR (Jules Horow-
itz Reactor), which will serve materials re-
search for the safe operation of current and
future nuclear power technologies; the ESFRI
Landmark ECCSEL ERIC (European Carbon
Dioxide Capture and Storage Laboratory In-

1
COM(2015)080, A Framework Strategy for a Resilient
Energy Union with a Forward-Looking Climate Change
Policy

2.
COM(2015)6317, Towards an Integrated Strategic Energy
Technology (SET) Plan: Accelerating the European Energy
System Transformation [latest communication]

frastructure) for the development of carbon
capture and storage as well as utilization
technologies.

= the ESFRI Project MYRRHA (Multi-pur-
pose hYbrid Research Reactor for High-tech
Applications), a multipurpose fast neutron
spectrum irradiation facility for nuclear re-
search; the ESFRI Project EU-SOLARIS
(European Solar Research Infrastructure
for Concentrated Solar Power), the thermal
solar power research activities in the field

of renewable energies; the ESFRI Project
WindScanner (European WindScanner Fa-
cility), a distributed RI for renewable ener-
gies focusing on the high precision charac-
terization of wind fields; the ESFRI Project
IFMIF-DONES (International Fusion Materials
Irradiation Facility-Demo Oriented NEutron
Source) for fusion materials irradiation.

This Landscape Analysis for the energy do-
main is divided in five main areas, which, in
themselves, comprise a number of specific
subfields:

- including networks, transport, storage and
smart cities/districts;

- solar, renewable fuels, wind, geothermal,
ocean;

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

- materials and data, simulation
and modelling. A representation of the inter-
play of the fields and energy RIs is shown in
Figure 1.

ENERGY SYSTEMS INTEGRATION

RENEWABLE ENERGY

RESEARCH - TECHNOLOGY - INDUSTRY - SOCIETY

EFFICIENT ENERGY
CONVERSION AND USE

NUCLEAR ENERGY

AL3100S - AHLSNONI - AJOTONHIAL - HOHV3S3

CROSS-SECTIONAL ENERGY Rls

FIGURE 1.

Energy RIs Interplay.
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Significant investments in infrastructure
for smart energy distribution, storage
and transmission systems are underway
through the Thematic Objectives? for Cohe-
sion Policy in 2014-2020. European Regional
Development Fund (ERDF) support is avail-
able to improve energy efficiency and secu-
rity of supply through the development of
smart energy systems®. The SET-Plan and
the Energy Roadmap 2050° also highlight
the expectation that fossil fuels will con-
tinue to have a significant 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 system of the future in
a safe and secure manner. The main focus
of this section is on the technical aspects
of energy systems integration. It is also im-
portant to point out that the socio-econom-
ic and human behavioural aspects are es-
sential for energy transformation processes.

3.
http.//ec.europa.eu/regional_policy/en/policy/how/
priorities

4.
https:7www.energyplan.eu/smartenergysystems/

5.
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

6.
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

CURRENT STATUS

The future European energy system, with an
envisaged high penetration of renewables,
needs a strong interplay between different
energy carriers such as electricity, heating
and cooling - e.g. gas and other chemical
fuels. Such a system demands control and
integration of intermittent production from
renewable energy and variable consump-
tion of all carriers as well as energy storage
which is an important technology to stabi-
lize the power fluctuations and to define
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
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 operate
Smart Grids, from Micro-grids to buildings.
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
RiIs have been launched in Europe explor-
ing system operation, consumer behaviour
and new innovative technologies.

Energy Storage on different scales has a
crucial role to support energy system sta-
bility and security. The energy storage
market is starting to develop: costs are
major constraints, as well as regulatory is-
sues, EMSs and technology capabilities.
Advanced EMSs that can coordinate dis-
tributed storage over the territory and the
grid are a challenge for the development of
Smart Grids and for the satisfaction of dif-
ferent kinds of demands - electrical, loads,
thermal loads, etc. Infrastructures to sup-
port the design and evaluate Smart Grid
reference architectures are highly needed.

ESFRI ROADMAP 2018 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES

Demonstration and test of energy storage
at medium and large scale, including the
possibility to test completely novel com-
ponents, will give practical information on
the use and benefits of the energy storage
technology and potential contribution to
key policy goals set for Europe.

The main players in the electricity/Smart Grid
arena are the European Network of Transmis-
sion System Operators for Electricity (ENTSO)
and the European Distribution System Op-
erators (EDSO): they aim at implementing a
flexible electrical network including a num-
ber of demonstrations, similarly to the Eu-
ropean Technology Platform for Smart Grid.
Major European universities have built up
infrastructures beyond the laboratory scale
to operate in real case studies providing
collaborations, hosting researchers, sharing
data, exchanging lecturers, participating
in common projects, delivering University
masters and PhD activities. However, im-
proved scientific exchange and collabora-
tion should be achieved through the testing
of new algorithms (EMSs) both for design-
ing and operational management in the RIs
at international level. The main strategic
research agenda challenge is to be able to
build and control, through flexible and fast
EMSs, an energy infrastructure which can
be adapted to a large variety of production
and storage systems - weather based ener-
gy production, controllable plants, storage
systems - from the development of single
components up to a complete energy sys-
tem. Most smart energy network projects
have evolved from smart meter read-out
pilots into increasingly complex systems to
match electrical demand with the variable
electricity production of renewable sourc-
es. However, only a few up to now are look-
ing at the mixture of energy carriers. Focus
has been limited to grid operation over-
looking possible communication solutions.
Therefore, energy system Rls enabling en-
ergy system tests in combination with com-
munication technologies need to reveal
their actual potential in dealing with future
challenges of even more complex systems.
Such test systems should combine meteo-
rological forecasts, energy production facil-
ities, storage devices and systems, end-us-



http://ec.europa.eu/regional_policy/en/policy/how/priorities
http://ec.europa.eu/regional_policy/en/policy/how/priorities
https://www.energyplan.eu/smartenergysystems/

er components, penetration of renewable,
different energy carriers like electricity,
heating/cooling and gas including market
models. Having multiple electricity retailers
and the freedom to switch from one elec-
tricity retailer to another are not taken into
account and could be interesting in a future
energy RI. Building integrated smart energy
network/storage testing and demonstra-
tion infrastructure will give device compa-
nies the possibility to test new equipment
and EMSs, power producers and network
operators’ new knowledge about how to
operate a future energy network that will
strengthen the competitiveness of industry.
Also, the ongoing R&D activities on storage
technologies based on batteries or other
storage systems, on the conversion of ex-
cess energy into chemical carriers will, in
the long run, make available an integration
of the technology into the wider energy
system. Generally, the improvements in
storage capacity and economy will pro-
mote future technologies in the Smart Grid
and compare to grid extension or curtail-
ment approaches. The results of such RI
will therefore facilitate decisions on invest-
ments connected to the transformation of
the energy system for companies as well as
for public operators. The US, China and Ko-
rea have large ongoing demonstrator proj-
ects with large infrastructure investments
- mostly in Smart Grid and Micro-grid, es-
tablishing the capacity of testing the global
competitive advantage of individual com-
ponents.

Transport accounts for approximately one
quarter of the EU Greenhouse Gas emis-
sions and the target is to reduce this to 60%
by 2050. The electrification of private trans-
port is starting to gain market traction; how-
ever, the roll-out has been hampered by
costs, and by politicaland techno-economic
uncertainties around the launch of charging
infrastructures. Cleaner and more energy
efficient vehicles are a significant growing
part of the European Energy System and
have an important role to play in achieving
EU policy objectives of reducing 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 introduc-
tion of environmentally-friendly vehicles. It

7.
https.//ec.europa.eu/transport/themes/urban/vehicles/
directive_en
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addresses purchases of vehicles for public
transport services. Clean Transport Sys-
tems can go a long way towards meeting
the future energy demands of the transport
sector; however, the availability and cost of
relevant raw materials - e.g. batteries - is
likely to be another major issue to over-
Investments in transport services
and infrastructure directly benefit citizens
and businesses. Smart mobility, multi-mod-
al transport, clean transport and urban mo-
bility are particular priorities for Cohesion
Policy during the 2014-2020 funding period.
Cohesion policy also supports investments
in infrastructure for smart energy distribu-
tion, storage and transmission systems
(particularly in less developed regions). As
covered by the public procurement Direc-
tives and the public service Regulation. It
is also possible to receive EU support for
low-carbon transport investments under
the Thematic Objective aimed at support-
ing the shift towards a low-carbon econo-
my in all sectors, in particular for promoting
sustainable multimodal urban mobility.

come.

In order to make sure that these invest-
ments achieve maximum impact, particular
emphasis is placed during the 2014-2020
period on the need to ensure a sound stra-
tegic environment, including the adop-
tion by Member States of a comprehensive
transport plan that shows how projects will
contribute towards the development of the
Single European Transport Area and the
trans-European transport network.

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 transport systems and
thermal energy storage systems, ICT can
contribute to effective energy use and in-
teractive balancing of real-time energy
supply and demand. 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. H2020 is rolling out smart city
lighthouse projects to demonstrate drastic
improvements and interactions in urban en-
ergy (including large-scale building renova-
tion), transport and 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 com-
munities. The European Innovation Partner-
ship on Smart Cities and Communities (EIP-
SCC)® aims to promote integrated solutions
leading to sustainability 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 es-
tablished to improve learning between
and from these pilot projects. A mapping
and analysis of Smart Cities in the EU was
published by the EU Directorate-Gen-
eral for Internal Policies in 2014*° also
defining and benchmarking smart cit-
ies. Smart Cities can leverage the work
of existing EU policy and programmes
- eg. CONCERTO, CIVITAS, Covenant of
Mayors, future internet and Smarter Travel,
among others - and major European initia-
tives such as EUROCITIES™ or the Europe-
an Network of Living Labs (ENoLL)*?. Smart
cities can be identified and ranked along a
variety of axes or dimensions of city struc-
tures, including smart energy, smart mobil-
ity, smart people, smart governance, smart
economy, smart buildings, smart health and
smart education. Shared access to data,
with a specific challenge focused approach
could be attractive to researchers and as-
sist urban decision makers.

8.
http://ec.europa.eu/eip/smartcities/index_en.htm

9.
https./www.eera-sc.eu/

10.
http./www.europarl.europa.eu/RegData/etudes/etudes/
Jjoin/2014,/507480/IPOL-ITRE_ET(2014)507480_EN.pdf

11
http://www.eurocities.eu/

12.
https.//enoll.org/
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GAPS, CHALLENGES AND FUTURE NEEDS

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 parameters; 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 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 archi-
tectures and modelling tools for Smart Grid
control systems that involve different kinds
of energy and relation to the local scale
(multi-generation Low Voltage grids) that
are able to deal with the combination of
all use cases, including incentives to grid
operator and electricity retailer in a liber-
alized market model whereby competing
economical players work in parallel and op-
erate commercial ICT systems to control a
common grid infrastructure. Another gap is
in the research into transactional arrange-
ments and the testing of systems such as
blockchain and crypto currencies to enable
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 energy stor-
age via heat, chemical and physical storage
solutions. In terms of energy storage Rls
on materials, production technologies and
testing of battery cells and systems would
be required to align with a European strat-
egy supporting battery cell production in
Europe.

There
are 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 community designs. The same applies
for FCH, as the maturity of the technologies
requires RIs to comply with the applied re-
search requirements in line with industry's
needs, including system testing and vali-
dation. We stress the important role of ICT,
as this will be crucial in several important
ways and especially when promoting the
networking of smart cities to leverage ex-
perience and shared learning. Data proto-
cols for sharing high volumes of information
are needed, as well as particular attention
to data privacy matters. Even more import-
ant will be how ICT will enable the future
designs in urban form, services and infra-
structures; moving beyond simply checking
which data are available and how to best
use these.

The focus on the need for low emis-
sion vehicles and the standardisation
of testing is still a gap that needs to be
filled. While the commercial vehicle de-
velopers 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 management
enabler - e.g. vehicle to grid, storage sys-
tem integration and other forms of bal-
ancing loads and managing demand
across heat, electricity and transport
systems - and other distributed storage
systems elements, not just of the Smart
Micro-grid, but also of the broader energy
systems. As the pace of development of
electric vehicles is picking up and with the
evolution of autonomous vehicles, it will be
important to have Rls to enable researchers
to study the effects of the legal frameworks
as well as the physical infrastructure within
which these will operate.

ESFRI ROADMAP 2018 - STRATEGY REPORT ON RESEARCH INFRASTRUCTURES

Levelised cost of energy (LCOE) have
dropped considerably over the last couple of
years for renewable energy. This specifically
holds for wind and solar PV, due to the devel-
opment 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 - ie. tandem solar cells, PV
printing technologies, 15 MW turbines. W/ith
increasing deployment, cost reduction can
be achieved through industry driven incre-
mental innovation. However, specifically the
development of new concepts requires long
term research and state-of-the-art Research
Infrastructure. Costs of development of these
new concepts are high, knowledge is scat-
tered and markets are often global. Therefore,
substantial synergies can be obtained in shar-
ing advanced Research Infrastructures.

Several EU initiatives are currently coordinat-
ing research activities in Europe like the Solar
European Industrial Initiative (SEIl), the EERA
Joint Programme on Photovoltaics, the EERA
Joint Programme on Bioenergy (EERA JP-
Bioenergy), the European Industrial Bioenergy
Initiative (EIB}*> and BRIDGE-PPP, the EERA
Joint program in deep Geothermal energy, the
EERA Ocean Energy Joint program and Euro-
pean Ocean Energy Association (EU-OEA),
the European Technology and Innovation
Platform on Wind Energy (ETIPWind)** and
the EERA Joint Programme on Wind Energy™®.
In respect to Concentrated Solar Power (CSP),
the EERA Joint Programme on CSP and the
European Solar Thermal Electricity Associa-
tion (ESTELA)*® include the main stakehold-
ers of this sector. Finally, the mix of different
hybrid renewable systems helps in defining
economically appealing and environmentally
sustainable strategies, including supporting
grid stability and deliver balancing power.

13.
http:/www.etipbioenergy.eu/?option=com_
content&view-article&id=191

14.
https.//etipwind.eu/

15.
https.//www.eera-set.eu/eera-joint-programmes-jps/
wind-energy/

16.
http./7www.estelasolar.org/
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https://www.eera-set.eu/eera-joint-programmes-jps/wind-energy/
https://www.eera-set.eu/eera-joint-programmes-jps/wind-energy/
http://www.estelasolar.org/

GURRENT STATUS

The Joint Research Programmes such as
the EERA Joint Programme on Photovoltaic
(EERA JP-PV) (37 partners from 19 EU Coun-
tries) or SOPHIA (17 partners) and its fol-
low-up CHEETAH (34 partners) contribute
to improving EU research and to optimize
the use of RIs. According to the SOPHIA
project and CHEETAH, the most relevant
EU RIs are from Germany (3), Spain and Italy
(2), and France, The Netherlands, Belgium,
Denmark, Great Britain, Finland, Norway
and Austria with one each.

The last strategic research agenda of the
EU PV Technology Platform considers that
the main challenges are related to the
overall costs of the best technologies. A re-
cent study®” shows data expected in 2020
and 2030, respectively, are: typical turnkey
price for a 50 kW system [€/W, excl. VAT]
(0.9 and 0.6); typical electricity generation
costs in Southern Europe [€/kWhl (0.04
and 0.03 including 4% WACCQC), typical sys-
tem energy payback in Southern Europe
lyears] (0.5-1.0 year in 2050 for smaller sys-
tems and depending on PV technology and
energy mix*. For utility scale plants typical
generation costs (LCoE) below 0.02 €/kWh
are expected in Southern Europe in 2030
(including 4% WACC) and approaching 0.01
€/kWh in 2050. To reach these low LCOE
values, or even lower, reliability of PV sys-
tems will be key (lifetimes beyond 30 years).

There is a state-of-the-art European basic
research on materials and design of large
plants, addressing quality and sustain-
ability aspects. RIs strategy tends to be
aligned with industrial needs. Financial ef-
forts are focused on testing, pre-industrial
facilities. Following the new IP Pillars, three
main drivers for the development of new/
existing infrastructures are: pilot/demo
scale lines, manufacturing technologies/
fabrication processes and modelling facil-
ities for simulation and better forecasting
the energy output of PV systems applied in
different environments (from built environ-
ment to large power plants). Furthermore,
social aspects for general public support
to broadly install PV are becoming more

17.
http./www.etip-pv.eu/publications/etip-pv-reports.html
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important. Europe's competitive edge rests
on the excellent knowledge base of its re-
searchers and engineers along with the
existing operating infrastructures. Given
the increasingly competitive environment,
without steady and reliable R&D funding,
this advantage is at risk.

The EU scientific effort is well articulat-
ed between associations aimed both at
developing R&D and promoting flagship
plants. In addition to the EERA Joint Pro-
gramme on Bioenergy (36 partners from
19 EU countries) and the Bio-Based In-
dustries Joint Undertaking (BBI JU)*, two
other initiatives in the landscape are the
European Technology and Innovation
Platform (ETIP Bioenergy)®® - created by
merging the European Industrial Bioenergy
Initiative (EIB)** and the European Biofuels
Technology Platform (EBTP) - and the Joint
Task Force on Bioenergy and Biofuels pro-
duction with Carbon Capture and Storage
(Bio-CCS JTF), involving members of ZEP
(Zero Emissions Platform) and the EBTP. Re-
search Infrastructures were grouped within
H2020 Infrastructures - e.g. the Biofuels
Research Infrastructure for Sharing Knowl-
edge Il (BRISK2)*?, according to SET-Plan
objectives and whose activity is to fund
researchers from any EU Country to carry
out research at any of the 28 EU partners'
facilities. The Rl was also a part of several
Networks of Excellence, related to various
aspects of bioenergy production and uti-
lization, like SUSTDEV NOE-BIOENERGY,
DER-LAB and ECO-ENGINES. Demo pre-
commercial facilities exist, such as the UPM
Stracel BTL (FR), Forest BtL Oy (Fl), Beta
Renewable (IT) or Abengoa 2G Ethanol
Demo Plant (ES), among others. The main
strategic research challenges are into feed-
stock and conversion processes of biomass
into biofuel. Existing initiatives already con-
nect high-level stakeholders and experts
from relevant industries and research cen-
tres. The main challenges cover the effi-
ciency, economic competitiveness and sys-
tem integration of biomass conversion into
biofuels and energy.

19.
https.//bbi-europe.eu/

20.
http.7www.etipbioenergy.eu/

21.
http://www.etipbioenergy.eu/?option=com_
content&view=article&id=191

18.

http:.7www.iea-pvps.org/index.php?id=314

22.
http:/7briskeu.com/

The Standing Committee on Agricultural
Research (SCAR) set up the Strategic Work-
ing Group Sustainable Bio-Resources for a
Growing Bioeconomy (SWG SBGB) gathering
the representatives of 15 countries and the
Collaborative Working Group of 12 countries
on Integrated Biorefineries (CWG IB). SWG
SBGB discusses the issues related to more
efficient production of biological resources,
logistical questions, the biomass potential
available across Europe, and fostering new
connections between well-established sec-
tors. The main technical barriers to the suc-
cessful implementation of the bioeconomy
identified by SWG SBGB include utilization of
different bio-based feedstocks within a sin-
gle biorefinery, and standardization of bio-
based products. The CWG IB focuses on as-
pects related to the investment in research,
innovation and skills.

EU-US cooperation on advanced biofuels is
based on joint initiatives, such as the EC-US
Task Force on Biotechnology Research:
Bio-Based Products and Bioenergy Work-
ing Group. There is also research coopera-
tion between EU and Central/South Amer-
ica through initiatives such as BECOOL in
the framework of a joint EU-Brazil call on
Advanced Biofuels.

The European R&D community related to
Concentrated Solar Power (CSP) is well es-
tablished. The main EU RIs are managed
by: DLR in Germany (facilities located in
Cologne, Julich and Stuttgart), ENEA in Italy
(with facilities in Casaccia and Portici), CNRS
in France (Odeillo) and CIEMAT in Spain
(through Plataforma Solar de Almeria-PSA).
The Cyprus Institute (Cyl), the IMDEA-
Energy in Spain and the University of Evo-
ra in Portugal have recently expanded
the landscape of large-scale facilities,
contributing with the Pentakomo (Cyl),
Mostoles (IMDEA) and Mitra test sites.
Most of these Rls are collaborating, offer-
ing international access to their facilities
through the FP7 European project SFERA-II
(2013-2017). These RIs are also members
of the EERA Joint Programme on Con-
centrating Solar Power (EERA JP-CSP),
participating in its FP7 IRPSTAGE-STE
(2014-2018) and partly in the ESFRI Project
EU-SOLARIS.

Two complementary strategic research
agendas are in place. ESTELA's (Europe-
an Solar Thermal Electricity Association)
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Strategic Research Agenda (SRA) was
published in 2013. This SRA aims to di-
rectly meet the industrial 2020 targets
through: a) increase efficiency/cost re-
duction - mirrors, heat transfer fluid and
others as selective coatings and predic-
tion/operation tools; b) dispatch ability -
integration systems, storage systems and
forecasting models to regulate and man-
age electricity production; ¢) environmen-
tal profile - reduce current impact of heat
transfer fluid, water desalination and re-
duce water consumption without jeopar-
dizing the plant efficiency. Another more
recent research agenda is the Initiative
for Global Leadership in Concentrated Solar
Power, which has been submitted to the
SET-Plan Steering Group for final en-
dorsement beginning of 2017. It has been
developed within the EERA JP-CSP (29
participants) and STAGE-STE project. The
ESFRI Project EU-SOLARIS is expected to
be the first of its kind, where industrial needs
and private funding will play a significant role.

From the commercial deployment point of
view, it is worth mentioning that CSP plants
with a cumulative capacity of about 2.3 GW
were in commercial operation in Spain in
December 2016, representing about half
(48%) of the worldwide capacity. Outside
Europe, about 1.74 GW of CSP are currently
in operation in the US, while China is cham-
pioning new developments with 134 GW
under construction or development. Glob-
ally, more than 100 projects are in planning
phase, mainly in India, Morocco, South Afri-
ca, Middle East countries and Chile. Howev-
er, the need for additional RIs in Europe has
been identified according to the needs of
the commercial CSP plants, where the cost
competitiveness is a key barrier along with
the operational flexibility and energy dis-
patchability. In this area, the US SunShot Ini-
tiative programme aims to reduce the lev-
elised cost of electricity (LCOE) generated
from CSP systems to 6 cents/kWh, without
any subsidies, by 2020.

Many initiatives coordinate the research
activities in Europe: the European Wind In-
dustrial Initiative (EWII) and EERA joint pro-
gram on Wind energy (49 partners from 14
EU countries), European Technology and
Innovation Platform on Wind Energy (ETIP-
Wind), driven by the European wind energy
industry and coordinated by the European
Wind Energy Association, and the European

Academy of Wind Energy (43 entities from
14 EU countries). In this sector, the Rls in the
EU are: a) Wind Turbines Test Fields with Rls
in Germany (3), Spain (2), Greece, Denmark
(2), Netherlands and Norway (1); b) Compo-
nents Test Facilities with RIs in Denmark and
Germany (3), Spain, United Kingdom, Neth-
erlands and Finland with 1; ¢) Wind Tunnels
with RIsin Greece and Netherlands, Norway,
Denmark, Finland and Germany (1); d) Wind
Energy Integration Testing Facilities distrib-
uted in Spain (4), Norway, Netherlands, Ger-
many and Denmark (1). A specific reference
goes to the ESFRI Project WindScanner,
in the ESFRI Roadmap since 2010, which fi-
nalised its first Preparatory Phase at the end
of 2015. The ESFRI Project WindScanner
uses remote sensing-based wind mea-
surement systems to provide detailed wind
field maps of the wind and turbulence con-
ditions around either a single wind turbine
or across a farm covering several square
kilometres. There are 4 Rlis related to mate-
rial testing and hydraulic located in Greece,
Germany, Denmark and Norway.

The challenges are the following: a) resource
assessment and spatial planning, including
the publication of an EU Wind Atlas in the
next five years and the better understanding
of wind characteristics that are relevant for
the safe operation of larger and larger wind
turbines; b) wind power systems that include
the development of new wind turbines and
components up to 15-20 MW in the year
2020; ¢) wind energy integration into the
grid, including the long distance connection
of large wind farms to the grid; d) offshore
deployment and operations that include the
development and testing of new structures
for deep water. Industry needs test facilities
to innovate the design.

The ETIP Wind's Strategic Research and In-
novation Agenda (SRIA) has three objectives:
i) cost reduction, ii) System integration, iii)
First class human resources. WindEurope
expect the EU Wind Energy sector to grow
to 205 GW, including 24 GW of offshore wind
by 2020, to cover 16.5% of EU's electricity de-
mand. By 2030, wind should be able to cover
30% of the EU's electricity demand. The EU
wind fleet would consist of 323 GW of wind,
including 70 GW of offshore wind. Offshore
wind would need to ramp up to a pace of
more than 4 GW per year. At the end of 2016,
the EU had a fleet of 153 GW of wind power,
China had 169 GW, and the US 82 GW. There
were 487 GW installed worldwide.
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Regarding the existing test facilities abroad,
US shows a very competitive scientific com-
munity with high level test facilities - eg.
NREL-NWTC blade test facilities, drive train
test facilities and field test and Clemson's
University, 15 MW drive train testing facility,
and the WTTC with a gom blade test facility.

Geothermal energy in the Earth's upper few
kilometres is vast and the potential in this
renewable energy source is of significant
importance for the energy shift from fossil
to environmental friendly energy. Geother-
mal energy appears to have the potential to
become a very important, potentially even
dominant, supply of heat energy and dis-
patchable electricity production in the near
future. The potential for utilization needs to
be measured, production technology, and
enhanced or new innovative solutions de-
veloped to access this energy.

All major research institutions are involved
in the EERA Joint Programme on Geother-
mal Energy - 37 participants from 12 EU
countries, including Iceland, Turkey and
Switzerland. Other major research centres
- which cover wide areas of geothermal
research - and technology platforms are
located in Iceland, France, ltaly, Germany
or Spain. There are 5 sites in construction
or planned and 2 existing sites focused on
research and demonstration: Soultz-sous-
Foréts (FR) and GroB3 Schénebeck (DE). Oth-
er large existing industry-owned sites are in
Iceland.

Geothermal energy for heat and cold ex-
traction and storage is an increasingly im-
portant component in the energy balance
of buildings and for neighbourhood heat-
ing/cooling systems. For traditional, high,
intermediate and low-temperature areas,
improvements in production methods,
drilling and well completion, mapping and
managing the underground reservoirs, are
essential. Recent results from deep drill-
ing to access superheated or even super-
critical fluids are encouraging, indicating
the possibility of dramatic improvements
in production as well as addressing unex-
plored geothermal potential. Possible major
production from offshore areas is becoming
more relevant, as offshore technology im-
proves and the production cost decreases.
A number of major projects investigating
enhanced geothermal systems (EGS) are
ongoing, including in Europe. In EGS, the



permeability of the deep subsurface is in-
creased using hydro-fracturing and oth-
er methods. If cost-effective technology
for achieving this can be developed, major
large-scale geothermal energy production
in many non-traditional areas will rapidly
follow. Key issues here include costs and
limiting induced seismicity caused by the
operations.

The main strategic research agendas are
from the Technology Platform (TP) on Re-
newable Heating and Cooling and the EERA
Joint Programme on Geothermal Energy. The
challenges in 5 years (Exploration technolo-
gies to image the subsurface to reduce the
mining risk prior to drilling) are: to define the
reservoir characteristics and geothermal po-
tential in different environments, to develop
experimental test of materials and treatment
to prevent or mitigate corrosion and scaling.
The longer term challenges are: cost-effec-
tive drilling technologies for very deep geo-
thermal wells at extreme conditions of tem-
perature and pressure including supercritical
fluid systems; prediction of geo-mechanical
behaviour of fracture zones, with particular
focus on reservoir performance evaluation
and induced seismicity; improvement of
methods to enhance reservoir performance
and to study the processes of long-term
geothermal exploitation; enhancing the vi-
ability of current and potential geothermal
resources by improving thermodynamic
cycles and optimizing power conversion; se-
curing natural resources and ensuring sus-
tainable utilization of underground space.
Currently, the EU Ris for hotter systems are
associated with volcanic areas - e.g. Iceland,
Italy, Spain, Portugal or Greece. Testing of
drilling methods (e.g. PENA, EL) or of pro-
cess at the subsurface (e.g. GeoLaB, DE), are
in construction or planned.

The most relevant EU initiatives are: EERA
Joint Programme on Ocean Energy (10 in-
stitutions from 8 EU countries); EU-OEA
(80 members); OCEANERA-NET with EU
research organizations from 9 countries;
MARINET2 network with 57 testing facili-
ties at 38 research organisations from 13
countries and the intergovernmental col-
laboration OES with 21 countries. The list
of EU RIs grouped by countries is: United
Kingdom (5), Spain (5), Portugal (3), Norway
(2), Ireland, Italy, Netherlands, Germany and
France (1). In Sweden there are no sea test
facilities, only 2 research sites. The Europe-
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an Ocean Energy Roadmap 2010-2050 pub-
lished by EU-OEA identifies: i) installation of
ocean energy generating facilities with a
combined minimum capacity of more than
240 MWh; i) developing or refining test sites
for ocean energy conversion devices in real
operating environments; iii) Grid availability;
iv) resource assessment to support ocean
energy deployment.

The industrial goals are to install 3.6 GW of
ocean energy systems by 2020 and to reach
188 GW by 2050 (EU-OEA Roadmap 2010-
2050). However, many systems have not
been tested yet under real operation con-
ditions and need to undergo final long-term
reliability testing before being commercial-
ly deployed in harsh environments. There is
widespread international interest in Wave
& Tidal (W&T) energy and it is particularly
high in Australia, Asia, US & South America.
Currently there are a small number of W&T
energy systems installed on the global lev-
el. Europe has global leadership in W&T en-
ergy technologies and industrial know-how.
European projects such as SI Ocean may
provide a basis for more intensive cooper-
ation in the future.

GAPS, CHALLENGES
AND FUTURE NEEDS

In itis
important to establish a long-term Euro-
pean cooperation in the PV R&D sector, by
sharing knowledge, organizing workshops,
exchange and training researchers inside
and outside Europe. An efficient use of infra-
structures is also needed to accelerate the
implementation of innovative technologies
in the PV industry. Furthermore, it will be
needed to install relevant pilot production
lines to demonstrate these novel technol-
ogies and to bring back commercial manu-
facturing in Europe.

Lack of standardization is the biggest ob-
stacle to rapid cost reduction and defini-
tive deployment of the

sector. Activities are cur-
rently underway in Europe under control of
AENOR (the Spanish official standardization
body), the International Electro-technical
Committee (IEC) and SolarPACES (IEA Im-
plementing Agreement). Activities in this

respect are on their way within STAGE-STE
and SFERA-II projects, too.
Concerning , better coordi-
nation of EU RIs should create the condi-
tions for the long-term development. There
is need of new multi-actor facilities - espe-
cially in the field of exploring and under-
standing new physics for larger turbines. In
Wind Conditions an important infrastructure
can be the the ESFRI Project WindScanner.
Low-speed, high-Reynold number aerody-
namics requires large and dedicated wind
tunnels. The development of large turbines
become such large investments that the
industry requires trans-European RIs for
short-term technology validation purposes.

The development of new

technologies can be expensive and proj-
ects 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
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 (European Plate
Observing System, 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 de-
vices to the market (MARINERG-i).

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.
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Seeking enhanced efficiency in energy pro-
duction (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 simply be-
cause the benefits of using more energy
will be considered to outweigh costs, in-
cluding environmental costs. Especially
because of the increase in intermittent en-
ergy production from renewable sources,
energy efficiency is in practice increasingly
and intimately related to energy systems
integration and a systems perspective on
efficiency is often 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 electricity production,
or to a systems assessment where the true
(energy) costs of improved new buildings or
renovations is weighed against the poten-
tial 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. However, 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

For effectiveness at a systems level and es-
pecially because of the intermittent supply
from some electricity sources, it is becom-
ing increasingly important that the energy
consumption and efficiency of buildings are
considered together with the energy supply
mechanisms available, for example plants
producing both electricity and heat for use
in buildings. Optimal solutions for different
types of buildings - eg. industrial, com-
mercial, single dwelling, high rise flats - in
different climatic conditions will be different.
It is especially important that rapid chang-
es in demand for heating and cooling in
buildings does not destabilize the electric-
ity supply system, which will require some
integrated steering of supply and demand.
Itis also important that optimization of elec-
tricity use does not lead to severe de-op-
timization in buildings, such as increased
maintenance costs due to fluctuating in-
ternal temperatures and humidity, or (en-
ergy) costs for additional insulation which
outweigh energy savings for heating/cool-
ing. The practical situation is complex, and
consumer behaviour is affected by various
political decisions related to, for instance,
building norms, taxation and subsidies. It is
important that these decisions are based on
solid empirical data. This demands invest-
ments in real life laboratory Research Infra-
structures, including monitoring energy use
in buildings and energy production. As the
European energy system is becoming in-
creasingly integrated, a pan-European per-
spective is necessary.

The concepts mentioned above regard-
ing buildings and the need for a systems
perspective are also relevant for industry.
In addition, there are major possibilities for
improved energy efficiency and/or reduced
greenhouse emissions from many industri-
al processes. Not all waste products (waste
material, heat) are effectively utilized today,
seen from an energy efficiency perspective,
even if promising results have already been
obtained - e.g. in heavy industry. Where a
major opportunity for enhanced industrial
energy efficiency is assessed, research and
development investments may be strongly
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motivated. In some cases, public invest-
ment in research and pilot and demonstra-
tion plants will be motivated. It is important
that new insights and solutions developed
in different European countries are effec-
tively spread. The following areas may merit
major investments over the coming years.

A state-of-the-art automation information
technology and connectivity will enable
the digitalization of production that goes far
beyond conventional automation of indus-
trial production. Initiatives have been start-
ed around the globe to foster digitalization,
like lloT (Industrial Internet of Things)*® in
the US, Industrie 4.0%4 in Germany, or Chi-
na 20255, Another aspect of energy saving
represents predictive modelling and simu-
lation, coupled with the artificialintelligence
for automatic optimization of processing
with respect to use of resources, energy,
productivity and product quality. The intel-
ligent combination of sensor technology
combined with these digital models lead to
new dimensions in the efficient use of ener-
gy in industry.

Metals, polymers and ceramics are cru-
cial materials for energy transition and
low-carbon economy. Since it will never be
possible to produce them without energy,
we have to change to carbon-free energy
sources in order to reduce or prevent CO2
emissions in the long term. Industry is work-
ing consistently on the further development
of the processes towards the stepwise
de-carbonization of production. Specifical-
ly, the companies plan to make a gradual
shift from the use of fossil fuels via bridging
technologies to the potential use of hydro-
gen in the production of materials. Areas
which may merit major investment over the
coming years include: cement and ceram-
ic production (much CO2 release), the alu-
minium, iron and steel industries, pulp mills
for paper production, etc. Important energy
23.
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saving aspects are also: recycling, refine-
ment, re-use and waste elimination.

Very important energy related research is
in the metals industry advancing in the di-
rections of: Light alloys and metal-matrix
composites (for lighter vehicles), High-tem-
perature extreme alloys and composites
(for increase of thermodynamic efficiency in
boilers), and development of thermoelec-
tric alloys that will in the future be able to
convert the waste heat into electricity (see
project Metallurgy Europe)ze.

The increasing use of intermittent sources
of energy such as wind and solar demands
new solutions to ensure a continuously re-
liable electricity supply. With the share of
renewable energy rising, the electricity grid
runs up against its limits due to the large
dynamic fluctuations which have to be ac-
commodated. In this context, energy stor-
age on different time scales gains impor-
tance. Battery storage can contribute, but
long time storage of high energy quantities
calls for other solutions. One way which re-
duces the CO2 footprint of the whole ener-
gy system is to convert electricity at times
of surplus power into storable energy, to be
released at times of low supply. Long-term
storage, needed to meet seasonal variation
in supply and demand and which could
limit the need for grid expansion, will only
be possible by converting excess energy
into chemical carriers by using carbon di-
oxide, water and/or nitrogen, the so-called
Power-to-X (P2X) scheme. This includes
conversion into hydrogen or methane gas
(P2G). Further chemical processing can also
lead to liquid fuels or base chemicals for
value added products. Apart from their gen-
eral contribution to decarbonizing the en-
ergy supply, these process routes provide
potential for the saving of fossil resources in
industry. The topic P2X therefore responds
to the EU SET Plan actions 1 (renewables), 2
(materials) and 8 (transportation).

Currently, European countries run around
50 P2G demonstration projects, with efforts
accelerating and increasing over the past
3 years. The main focus is on splitting of
water and/or CO2 to produce hydrogen or
syngas, complemented by the respective
work on system integration. For example,
the European STORE&GO project focuses

26.
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on the synthesis step at 1 M\ level in three
demonstration environments in Germany,
Italy and Switzerland. France recently start-
ed the 1 MW Jupiter 1000 project. Germa-
ny released a 10-year Kopernikus research
project Power-to-X. With 50 partners from
research, industry and society it represents
the biggest EU wide concerted effort in the
field so far. The focus is on low-emission
electricity-based liquid fuels and chemical
products. Another German flagship proj-
ect, Carbon2Chem, targets the conversion
of carbon dioxide from the steel industry
into fuels and base chemicals. EERA JP En-
ergy Storage covers the area of P2X in its
sub-programme Chemical Storage.

Carbon Dioxide Capture, Transport and
Storage (CCS) is one of the main objectives
of the European energy policy, the low car-
bon policy. Most of the European countries
are focusing on decarbonising the power
sector and energy intensive industry and
thus reducing anthropogenic CO2 emis-
sions. However, political uncertainties re-
lated to safety on land storage of the CCS
force countries with big industrial activities
like Germany to step out of research and
development in CCS. The Global CCS In-
stitute gives among other information, a
database of facilities world wide ranging
from large scale, pilot and demonstration to
test centres®”. NETL's Carbon Capture and
Storage Database®® includes active, pro-
posed, and terminated CCS projects world-
wide. The database contains several hun-
dred CCS projects worldwide. European
activities towards CCS are served by two
entities: the Zero emission Platform (ZEP)
and the European Energy Research Alliance
Joint Programme on CCS (EERA JP-CCS).
ZEP is a unique coalition of stakeholders
and acts as advisor to the European Com-
mission on the research, demonstration
and deployment of CCS for combating cli-
mate change. Nineteen different countries
contribute actively to ZEP's activities, while
40 different companies and organisations
comprise the Advisory Council. The EERA
Joint Programme on CCS (EERA JP-CCS)
has a strong R&D focus and encompass-
es 40 public European research centres
and universities working on a common

27.
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programme. The EERA JP-CCS including
a new CO2 transport sub programme and
has contributed to the SET Plan Integrated
Roadmap. Member States are involved in
the CCS deployment activities and plans
through the European Industrial Initiative
Ell on CCS. Technology Centre Mongstad
(TCM) is the world's largest facility for test-
ing and improving CO2 capture using two
units each approximately 12 MW¥e in size,
able to capturing 100.000 tonnes CO2/year.
Anew legal operation agreement for TCM is
established through 2020. The major open
access Rl on the ESFRI Roadmap is the
ESFRI Landmark ECCSEL ERIC. a top quality
European Research Infrastructure devoted
to second and third generation CCS tech-
nologies. For accelerating the commercial-
isation and deployment of CCS methods,
the ESFRI Landmark ECCSEL ERIC has
been transferred to a European Research
Infrastructure Consortium (ERIC) as a legal
entity recognised by the Council Regulation
of the European Commission offering ac-
cess to 44 research facilities. The UKCCSRC
Pilot-scale Advanced Capture Technology
(PACT) facilities are national specialist R&D
facilities for combustion and carbon cap-
ture technology research. The purpose of
PACT is to support and catalyze industrial
and academic R&D in order to accelerate
the development and commercialization
of novel technologies for carbon capture
and clean power generation. There is a
network coordination between TCM, ESFRI
Landmark ECCSEL ERIC and PACT. Long-
term monitoring and documentation of
stored CO2 in geological reservoirs have
been achieved. The Sleipner CO2 Storage
facility was the first in the world to inject
CO2 into a dedicated offshore geological
sandstone reservoir since 1996 and over
16.5 million tonnes have been injected at
the end of 2016. The Snehvit CO2 Storage
facilities has captured more than 4 million
tonnes of CO2 at an LNG facility in north-
ern Norway and transported in a pipeline
back to the Snehvit field offshore and in-
jected into a storage reservoir. To capture
CO2 from industrial processes has some
advantages like lower capture cost, excess
energy that can be used for CO2 capture
and stable CO2 source. The concentration
of CO2 in the flue gas is often higher than
in power systems, in cement plants typi-
cally from 18 to 22 vol%. They are often also
located in industrial clusters/coastal loca-
tions which can possibly lower transport
cost. There are three pilot plants in Captur-
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ing Carbon in Norway; Norcem AS (cement
plant), Yara Norge AS (ammonia plant) and
Klemetsrudanlegget AS (waste-to-ener-
gy-recovery plant) selected for detailed
studies of full-scale carbon capture at their
respective plants. Total CO2 injection ca-
pacity for all three plants in full scale oper-
ation is approximately 1.3 Mtpa. A combined
pipeline and shipping system is being ex-
amined for CO2 storage in the Smeaheia
area offshore. A final investment decision
is targeted for 2019 with ambitions to begin
operation in 2022.

There is increasing attention towards CO2
(CCL.
of facilities that use CO2 in products, or to

utilisation Specifically, a number
support operations have been constructed
or announced in the last decade. It is im-
portant to note that not all CO2 utilisation
options will necessarily contribute to longer
term climate change mitigation: the storage
lifetime can be counted in days to years as
opposed to centuries. There are many dif-
ferent ways to use CO2 and key technolo-
gies can be grouped into polycarbonate
plastics, chemicals and mineralization/
cements. Development of new catalysts
replacing chemical products usually de-
rived from fossil fuels is of major interest.
Notwithstanding the above points, the mar-
ket for products derived from use of CO2
is small relative to what is needed to be
stored in order to limit global temperature
rise to well below 2°C - a cumulative 90
Gigatonnes of CO2 captured and stored in
the period to 2050.

GAPS, CHALLENGES AND FUTURE NEEDS

It can be argued that research has been focussing on single components, rathen than
concentrating on the analysis of complex energy systems on different scales where the
different elements interact. Research Infrastructures investigating systems in practical use
could be of significant benefit. One example of this is the use of
and increasing the supply of energy from buildings. The latter may relate to production of
electricity, for example, or exploiting the thermal storage potential of buildings to facilitate
the use of intermittent electricity production from renewable sources. Similarly, projects
related to the use of waste products from industry for energy production have significant
potential. Realizing such potentials may demand Research Infrastructure initiatives, leading
into pilot and demonstration activities on commercial scale.

addresses core research questions on electrolysis and plasmochemical
conversion, including catalysis, 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
efficient. Major investments, from research to pilot and demonstration plants, will be neces-
sary to achieve this. The R&D tasks range from basic research over questions of up-scaling
to the 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 needs to be combined and developed on European scale
and size for creating efficient and effective integrated P2X solutions. This gap could be filled
by an ESFRI distributed RI bringing together resources and testing facilities of EU Industry,
government and non-governmental organizations.

It remains unclear if large scale

will become an important part of the energy system, but there is a possibility that this is
the case. Therefore, further major investments in relevant Research Infrastructure should be
considered.
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GURRENT STATUS

The 128 Nuclear Power Plants®? (NPPs) are
supplying 815.2 TWh (about 30% of electricity)
in the EU. 4 NPPs are under construction and
24 in planning. Nuclear power thus plays an
important role to provide a stable, base load
electricity. The main strategic objectives are
the safety aspects and the long-term waste
disposal. The previous landscape analysis
made a detailed list of aimings towards these
objectives. Since the analysis is rather recent,
no major change has occurred. In the field
of Accelerator Driven System which could
be used for transmutation of long-lived ac-
tinides, a staged approach was adopted by
the ESFRI Project MYRRHA, leading to the
full realisation of the facility by 2030.

In many countries, the issue of prolonging
the life of existing NPPs leads to the devel-
opment of materials research under nucle-
ar irradiation. This could be done through
experiments and numerical simulations.
The latter, with the development of high
performance computers (HPC), has great
potential for a cross-fertilisation with other
materials science in general, and in particu-
lar in the field of nuclear fusion (see below).

In view of the ageing of NPPs, as well as the
decision from some countries to step out
of nuclear energy, the issue of the disman-
tling of NPPs is becoming an important one.
Many Master Programmes have included
this topic in their cursus.

Present NPPs are based on three main
concepts (Heavy Water, Pressurized Wa-
ter or Boiling Water). The Generation IV
Initiative offers the perspective of a bet-
ter use of the fuel, increase of safety
and reducing the amount of long-lived
waste. Another new development of in-
terest that should be encouraged is the
Small Modular Reactor, delivering about
300 MWe.

The European fusion programme3°® has two

29.
http:7/www.world-nuclear.org/information-library/country-
profiles/others/european-union.aspx

30.
https.//www.euro-fusion.org/programme/
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main objectives, to prepare the successful op-
eration of ITER and the preparation of DEMO.
The construction of the ITER tokamak is now
moving at full speed, with a first plasma by
2025 and the D-T operation by the end of 2035.

From a physics perspective, two concepts are
being explored in the Euratom programme,
the tokamak and the stellarator. The con-
sortium EUROfusion operates all the main
installations, the tokamaks ASDEX-Upgrade,
JET, MAST, TCV and WEST and the super-
conducting stellarator W7-X. For the study
of the physics of the divertor - a key element
where heat and particles are exhausted from
the plasma - a dedicated device, the Divertor
Test Tokamak (DTT)**, is being considered
and was recently approved. In the framework
of the Broader Approach (BA) Agreement?
EU and Japan are building a new supercon-
ducting tokamak JT-60SA, which will be joint-
ly exploited by EU and Japanese teams.

The second main objective of the EU fusion
programmeis the design ofa DEMOnstration
fusion reactor. DEMO will produce a sub-
stantial amount of electricity and be
self-sufficient in Tritium33 and is scheduled
to be operational by the mid of the 21
century. During Horizon 2020, DEMO work
will be in the pre-conceptual phase, where
many design concepts are examined, and a
concept selection will be performed in FPQ.

The construction of a fusion reactor re-
lies on the knowledge of suitable mate-
rial under the irradiation by 14 MeV neu-
trons. Within the BA, R&D for the neutron
irradiation source IFMIF is being devel-
oped for critical components. However, the
BA does not foresee its construction. The
EUROfusion programme - based on the
roadmap to the realisation of fusion energy -
still supports IFMIF and proposes the ESFRI
Project IFMIF-DONES (International Fusion

31
Italy is considering the funding of DTT as a national
programme while waiting for a later funding by
EUROfusion

32.
The Broader Approach agreement between Japan and
EURATOM covers many other activitie

http:// fusionforenergy.europa.eu/understandingfusion/
broaderapproach.aspx

33.
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.

Materials Irradiation Facility-Demo Oriented
NEutron Source) as an interim step.

The EUROfusion programme benefitted
since its beginning from the HELIOS HPC in
Rokkasho. After its decommissioning, since
2016, a new European HPC Marconi-Fusion
is in operation with a capacity of 6 petaflops.
This opens up new possibilities for fusion plas-
ma simulation as well as for materials science.

Both fission and fusion are part of EURATOM.
The impact of the Brexit on these two fields
is still to be negotiated. In the case of fusion,
JET is the main and largest tokamak in oper-
ation with the ability to operate with D-T mix-
ture and plays a pivotal role in the scientific
preparation of ITER. How the issue will be
solved will have impact on the medium term
fusion programme.

Many topics are common to fission and fusion.
Materials research is the most prominent one.
For fission it is a key element for the prolon-
gation of NPP operation. For fusion, the qual-
ification of suitable material is crucial for the
construction of a fusion reactor. As mentioned,
the field of experimental investigation and nu-
merical simulation are cross-cutting fields. An-
other cross-cutting issue is the development
of accelerator to be used in ADS for fission and
neutron source for fusion material irradiation.

GAPS, CHALLENGES AND
FUTURE NEEDS

Two main gaps have been identified: i) for
fission, the interest in SMR should trigger an
experimental effort in this field; ii) for fusion,
the issue of the divertor and of material de-
velopment require the implementation of
the ESFRI Project IFMIF-DONES device.

As research on nuclear energy is linked to
national policies on the use of nuclear gen-
erated electricity, the above considerations
of the research goals in this area do not en-
gage, in any ways, national financial or polit-
ical commitments.
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Ris for simulation and modelling, as well
as advanced characterization and testing
facilities, are essential tools for designing
advanced materials, for exploring energy
conversion processes and for designing
and optimizing energy systems. Energy
technology-oriented roadmaps have priori-
tized the need for such RIs in Europe. Prog-
ress in energy research specifically could
be enhanced by comprehensively using
methods or data that are already available
or newly generated. The energy research
community thus would strongly benefit
from exploiting synergies across different
technologies and could further advance
the cross-cutting methodological devel-
opment. Cross-cutting Ris providing these
services therefore are the key to accelerat-
ing innovation in this sector.

CURRENT STATUS

Energy technologies with their high and
rapidly changing technical demands are
particularly dependent on fast innovations
in the structural and functional materials
sector. The markets for materials for ener-
gy and environmental applications are ex-
pected to grow at an above average rate.
The main research task in this context is
to develop materials with increasing per-
formance and reliability at lower costs. At
European level the topic, for example, is ad-
dressed as part of the SET-Plan Roadmap
Materials for Low Carbon Technologies and
in various cross-sectional aspects of the
10 key actions to the SET-Plan. It finds ex-
pression in the correspondent research
and industrial platforms (e.g. EERA, Ells,
EMIRI). Energy materials research currently
exploits large-scale European character-
ization facilities, such as the synchrotrons
ESFRI Landmark ESRF EBS (European
Synchrotron Radiation Facility Extremely
Brilliant Source, PSE), PSI, DESY, Diamond,
ALBA, Soleil, BESSY, ANKA, Elettra, the fu-
ture ESFRI Landmark European Spallation
Source ERIC (PSE), the neutron facilities
ESFRI Landmark ILL (Institut Max von Laue
- Paul Langevin, PSE), ISIS, FRM-2 Munich,
SINQ and latest generation electron micro-
scopes. Computational materials science
gains importance with regard to creating
new materials or chemical agents with tai-
lor-made properties (Computational Ma-
terials Design). For this, High Performance
Computing (HPC) Infrastructures and data
processing (see below) are increasingly
used in the analysis of experimental data to
determine materials properties and in simu-
lating complex 3D dynamic transport, reac-
tion, ageing and damage processes.
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The multi-disciplinarity of energy-related
themes means that it is difficult to identify
a community for this field at first sight. The
task is integrating activities with the ob-
jective of developing and applying scale
bridging approaches to design new mate-
rials and to study materials as well as ener-
gy related processes. Energy networks and
systems, from local to macroscopic scales,
need detailed and large volume data han-
dling and model-based processing. Quite
a number of cross-disciplinary energy-rel-
evant topics have to be addressed like,
for example, new materials design; ener-
gy conversion processes; systems design
and operational and lifecycle optimization.
Further examples are process modelling
for nuclear repositories, fusion reactor
modelling or energy market modelling via
high-resolution renewable energy produc-
tion forecasts. The European Technology
Platform for High Performance Comput-
ing (ETP4HPC), and the ESFRI Landmark
PRACE (Partnership for Advanced Com-
puting in Europe, DIGIT) facilitate high-im-
pact scientific discovery and engineering
research and development across all dis-
ciplines. The new Energy oriented Centre
of Excellence for computing applications
(EoCoE), working closely with associated ex-
perimental and industrial groups, is expect-
ed to have a multiscale integrating character
and contribute to filling this gap, along with
databases and research platforms. Distribut-
ed Rl platforms such as DERlab and ERIC-Lab
and a rising number of national living lab-
oratories collecting and processing data
of complex real energy systems have the
potential to advance the digital realtime in-
tegration of distributed and volatile energy
resources into energy systems.
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GAPS, CHALLENGES AND FUTURE NEEDS

In spite of the availability of quite a number
of methods and facilities, large cross-sectional RIs and research
platforms explicitly dedicated to R&D for energy materials still of-
ten lack coherence with regard to scale-bridging and multi-meth-
od approaches. RI for materials discovery/development and for
materials characterization covering length scales - from the atomic
structure to macroscopic engineering components - and for dif-
ferent time scales - ranging from sub-picoseconds up to the life-
time of energy systems of tens of years - should also include life
cycle experiments, ageing and non-equilibrium loads. The future
of characterization therefore is expected not only to include indi-
vidual techniques which are pushed to their limits, but also to be
a situation where the community devises coherent and synergis-
tic strategies employing a range of cutting-edge characterization
methods to address complex multiscale problems in materials and
systems. In addition, there is a particularly strong need to develop
techniques for in situ and in operando studies of energy materials
and components during operation - e.g. for electrochemical and
electronic materials and devices.

At the front end of the en-
ergy-related innovation chain, the objective of computational ma-
terials science and chemistry is to create new reliable and cost-ef-
ficient materials or chemical agents for changing demands within
the new energy systems. For this, dedicated HPC and integrated
databases are needed for the rational design of new materials in
terms of structure and properties, but also in simulating complex
conversion processes on all scales and in situ/in operando.

On the energy system'’s side, a multi-scale approach is needed to
properly address the interaction between local power, heat genera-
tionand energy carriers, as well as between the distributed and local
energy systems and the central energy system. The corresponding
system transformation, based on emerging technologies, requires
tests and validation before implementation. In order to meet these
requirements, while keeping legal, technical and environmental
standards, there is a need for expanding the European capacity in
energy systems real-time simulation. Modelling of large-scale en-
ergy storage, power grids and complete urban system structures
is necessary, including information on the social and economic di-
mensions. Rl in this field would provide a virtual environment of the
energy system in which new policies, regulation, control strategies
or technologies can be tested and optimized ex ante. Since much of
the development and smart resource management happen locally,
the models should be able to capture data with very detailed geo-
graphical resolution. On the other hand, merging regional, national
and European views is needed when outlining the design of the
future energy system and related policies. This knowledge requires
adequate HPC capacities as well as concerted approaches of han-
dling big data volumes. It is key to further political decisions and to
determining the immense investments needed in the energy sector
in coming years.
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Environmental sciences are traditionally divided into
four research and study domains: ATMOSPHERE,
HYDROSPHERE, BIOSPHERE and GEOSPHERE. These
different spheres are closely interlinked, and therefore
environmental sciences can also be presented
according to Grand Challenges, such as loss of
biodiversity, pollution, depletion of natural resources,
risks, hazards and climate change.

Atmosphere, hydrosphere,
biosphere and geosphere are
closely interlinked spheres

of environmental sciences
responding to big human
challenges from loss of
biodiversity to climate change.

AMMIDMIN

environmental challenges. Managing and
responding to natural and anthropic environ-
mental changes need to be understood at
the Earth System level The effect of pollution
and climate change, including associated im-
pacts on biodiversity and ecosystem integri-
ty, need to be fully understood urgently. The
sustainable and responsible use of key natu-
ral resources and ecosystem services such as
food, water, energy and minerals by a more
demanding and growing population is vital.
Modern society is progressively vulnerable
to the increased frequency of natural hazards
such as extreme weather, earthquakes, space
weather, epidemic disease outbreaks, which
can cause loss of life and have an enormous
impact on the society with large economic
deficits. Tackling environmental challenges is
crucial for mankind and for life on Earth and
given the scale, complexity and the interlink-
ages of the challenges, a multidisciplinary
approach is essential. Layers of complexity to
carrying out environmental research are add-
ed by the multidisciplinary aspect amongst
the main Earth system domains and by the
considerable range of spatial and temporal
scales involved.

Because of its complexity, the environmen-
tal research as a whole should be facilitat-
ed by comprehensive observations with an
integrated approach including experiments
and modelling which are essential for un-

derstanding and predicting the Earth's en-
vironmental system. A federated approach
to IT resources and e-science facilities - in-
cluding liable data policies according the
FAIR principle - is also necessary. The ob-
Jjective of achieving a comprehensive mul-
tidisciplinary approach to improve our sci-
entific understanding of the Earth's system
can be obtained with the realisation of the
current ensemble of RlIs in the Environmen-
tal domain which are highly integrated in
respective global efforts. The existing Envi-
ronmental Rls already adopt this approach;
many include observing systems which
generate key data for the European and the
international scientific  communities, and
contribute to global data systems, among
them Global Atmosphere Watch (GAW)*
and the European component of GEO? in
creating a Global Earth Observation Sys-
tem of Systems (GEOSS)® that will link Earth
observation resources world-wide across
multiple Societal Benefit Areas - agricul-
ture, biodiversity, climate, disasters, eco-
systems, energy, health, water and weath-
er - making those resources also available
for better informed decision-making. Their
main objectives are:

1
GAW aims to understand and control the increasing
influence of human activity on the global atmosphere
http.7www.wmo.int/pages/prog/arep/gaw/ history.html

2.
GEO, established in 2005, is a voluntary partnership

of governments and organizations that envisions “a

future wherein decisions and actions for the benefit of
humankind are informed by coordinated, comprehensive
and sustained Earth observations and information’”

GEO Member governments include 96 nations and the
European Commission, and 87 Participating Organizations
comprised of international bodies with a mandate in Earth
observations
https.//www.earthobservations.org/index2.php

3
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= achieving national and international objec-
tives for a resilient society, sustainable econ-
omies and a healthy environment worldwide;

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

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

Several Rls in the Environmental domain are
also feeding in the European Union's flagship
Copernicus® programme, focusing on opera-
tional monitoring of the atmosphere, oceans
and land services, whose main users are poli-
cy-makers and public authorities. Copernicus
is providing validated information services in
six areas: land monitoring, marine monitoring,
atmosphere monitoring, emergency man-
agement, security and climate change.

Other linkages with the Joint Programming
Initiatives (JPI's)® such as JPI Climate, JPI
Oceans, JPI Water, JPI-FACCE as well as with
other initiatives such as EMODNET®, the Eu-
ropean Environment Agency (EEA)’ and the
INSPIRE Directive® should be strengthened.

The ESFRI environmental RIs play also a
key role at global scale in the UN frame-
work, contributing to the UN Sustainable
Development Goals®, the UN Framework
4,
Copernicus - European Programme for the establishment

of a European capacity for Earth Observation
http://www.copernicus.eu/

5.
Joint Programming Initiative (JPI)
http://ec.europa.eu/research/era/joint-programming-
initiatives_en.html

6.
EMODNET
http:/www.emodnet.eu/

7.
European Environment Agency (EEA)
https./europa.eu/european-union/about-eu/agencies/
eea_en

8.
INSPIRE Directive
https.//inspire.ec.europa.eu/

Global Earth Observation System of Systems (GEOSS)
http:7/www.earthobservations.org/geoss.php

9.
UN Sustainable Development Goals
https://sustainabledevelopment.un.org/
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Convention on Climate Change (UNFCCC)*®
and the Convention on Biological Diversity
(CBD)*.

Environmental RIs play an important role for
the scientific community and the society at
large by:

= providing centres of frontier scientific
research as focal points for education and
training of researchers and contributing sig-
nificantly to the European skills base;

= delivering essential data for more reli-
able communication to the general pub-
lic on events such as volcanic eruptions,
earthquakes, poor air quality and extreme
weather as well as information on biodiver-
sity impacts;

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

= producing accurate data and scientific
and technical knowledge that underpin the
construction of tools supporting decision
making and development of efficient regu-
lations and policies;

= opening access to environmental big
data from space-based and in situ observa-
tions as key driver for the development of
new services and for promoting activities in
the private sector;

= developing new technologies, such
as laser-based sensors, high resolution
wireless networks and remotely operated
autonomous systems, which leads to addi-
tional co-benefits.
Environmental Research Infrastructures
have multiple roles in tackling the Socie-
tal Challenges as listed in the EU Horizon
2020" program with Climate action, envi-
ronment, resource efficiency and raw ma-
terials being closest connected to them.
Health, demographic change and wellbeing
as well as Food security, sustainable agricul-

10.
UN Convention on Climate Change (UNFCCC)
https.//unfccc.int/

11
UN Convention on Biological Diversity (CBD)
https:/www.cbd.int/

12.
H2020 Societal Challenges
https.//ec.europa.eu/programmes/horizon2020/en/
h2020-section/societal-challenges

ture and forestry, marine and maritime and
inland water research, and the Bioeconomy
are strongly dependent on the whole en-
vironment, particularly when it comes to
climate change adaptation, pollution, or
overuse of ecosystem services. Environ-
mental catastrophes can shutter societal
security and cause migration with related
security problems. The Societal Challenges
Secure, clean and efficient energy and Smart,
green and integrated transport even directly
respond to environmental necessities and
can receive guidance from a comprehen-
sive understanding of the Earth System.
Needless to say that societies that concern
their environment are inclusive, innovative
and reflective.

¥
There is an urgent need to
sustain, integrate and further

develop a diverse set of
Environmental RIs in a way

that Europe can address
both the key societal and
economic challenges as
well as improve our basic
scientific knowledge.
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ATMOSPHERE: FROMNEAR GROUND 10 THE NEAR SPACE A TMOSPHERE

The atmosphere hosts many physical and
chemical processes and represents a major
part of the environment to which the life on
Earth is sensitively responsive. The atmo-
sphere is part of the larger connected glob-
L environment and is central for climate,
weather, and transport of chemical species
over large distances.

o))

Perturbation of the
atmosphere impacts on
different thematic areas like
climate change, air quality,
environmental hazards,
environmental risks, food
security and the water cycle.

A\

The research on the atmosphere is multi-
disciplinary, embracing atmospheric chem-
istry, physics, dynamics and radiation; and
it combines observations and modelling.

It also has to cover the full altitude range
from the planetary boundary layer near the
surface across the tropopause and strato-
sphere up to the middle atmosphere - ie
from ground to 50 km altitude and beyond.
The atmospheric domain interacts with ma-
rine, terrestrial, freshwater, solid earth sys-
tems and the near space.

The atmosphere contains a wide range of
trace species. The identification and quan-
tification of their properties, atmospheric
transport and transformation processes and
life cycles 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 Research Infrastructures
has to play an important role.

Atmospheric Research Infrastructures do
not only provide monitoring, but explor-
atory infrastructures are also needed to
study the processes. Atmospheric process-
es are multiscale in time and space, from
the sub-second, sub-micron scale of mi-
croscopic processes to the decadal global
scale characteristic of climate change. In
this context, the atmospheric infrastruc-
tures should be sufficiently equipped to
be able to inform across a similar range of
scales.

I8 CURRENT STATUS

The European atmospheric landscape cov-
ers a wide range of actions ranging from
the establishment of ESFRI long-term at-
mospheric Research Infrastructures to
EU-funded projects such as Integrating
Activities (IA), Design Studies, and other
projects.

= Long-term atmospheric observation
platforms: the ESFRI Project ACTRIS (Aero-
sols, Clouds and Trace gases Research In-
frastructure); the ESFRI Landmark IAGOS
(In-service Aircraft for a Global Observing
System) (Airborne, lower atmosphere); the
ESFRI Landmark ICOS ERIC (Integrated
Carbon Observation System); ARISE (At-
mospheric dynamics Research Infrastruc-
ture in Europe) and the ESFRI Landmark
EISCAT_3D (Next generation European In-
coherent Scatter radar system) (upper at-
mosphere); SIOS (Svalbard Integrated Arc-
tic Earth Observing System) (Integrating all
observations, terrestrial, marine and atmo-
sphere at Svalbard).

= Exploratory process oriented research,
atmospheric chemistry including aerosols:
the ESFRI Project ACTRIS;, EUROCHAMP
2020 (laboratory studies); EUFAR (Airborne
platforms for field experiments).

= Modelling development and experi-
ments: IS-ENES (global climate and earth
system models).

The atmospheric subdomain landscape is
sketched in Figure 1 in a topic (x-axis) ver-
sus altitude (y-axis) graph.

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
Rls have a fundamental role to strengthen-
ing the EU position and leadership in this
research area by providing unique informa-
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FIGURE 1.

Schematic overview of the ESFRI RI landscape for the atmosphere sub-domain
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tion, services, tools and reference method-
ologies that are used and applied by a very
wide community also outside Europe.

An assessment of the user communi-
ty conducted in 2018 in the framework of
the cluster of environmental Research In-
frastructures (ENVRI) provided more than
3.000 users and more than 25.000 user re-
quests per year for the Atmosphere Domain
Rls. Areas of data use include fundamental
research on atmospheric processes, clima-
tological studies on the long-term evolu-
tion of the atmosphere and trends of key
species, validation of Earth System Models,
assimilation of data for numerical weather
prediction, validation of satellite products
and development of new measurement
technologies.

One major user of Atmosphere RIs data
products and services is COPERNICUS At-
mosphere Monitoring service (CAMS)*3,
The ESFRI Project ACTRIS, and the ESFRI
Landmarks IAGOS and ICOS ERIC data are
used by CAMS, for example, for Near-Re-
al Time Model Validation, Monitoring Air
Quiality in Europe and for providing forecast
of air quality in Europe for European cities,
also shown daily on EURONEWS.

13.
COPERNICUS Atmosphere Monitoring service (CAMS)
https.//atmosphere.copernicus.eu/

I GAPS, CHALLENGES AND FUTURE NEEDS

In response to the status of the existing Rls, specific gaps and challenges have been iden-
tified. It is important to study not just components of the atmospheric system but observe
as many of those components synergistically as possible to fully understand processes
and linkages. A synergistic approach must include the use of in situ ground based obser-
vations, together with columnar and vertical profile, aircraft and satellite observations and
models to study and understand atmospheric composition and processes. Long-term data
records for atmospheric parameters, which are relevant for both air quality and climate
research, are inadequate at the moment and the geographical coverage by atmospheric
observing infrastructures in the Mediterranean including North Africa and Eastern Europe
is incomplete. Understanding the atmospheric composition changes and processes is a
globalissue, and the relevance for Europe is not limited to observations performed on sites
located in European regions; there is a responsibility of Europe to explore where further
atmospheric observations could be supported, in Africa to start with. Moreover, harmonised
measurements on larger geographical scale are crucial and strong international coopera-
tion is needed. A better integration of existing programs and projects in the atmospheric
area will help to build and sustain the European component of GEOSS.

Interconnections with other domains - i.e. Health - need to be better explored. Air pollution
is a major environmental risk to health. Short-lived atmospheric compounds have recog-
nized adverse health effects at concentrations typically found across Europe and poten-
tially lead to more than 400.000 premature deaths annually in the EU28. In particular, the
effect on children’s health should be better explored and in this context the role of atmo-
sphere RIs to foster scientific cooperation in this field is of primary importance.
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HYDROSPHERE

Water is essential for human life and na-
ture and plays a critical role in most natu-
ral processes. Water covers about 70% of
the Earth's surface and over 97% of it is in
oceans, and most of the remaining freshwa-
teris in the form of ice.

Water is of huge global
geopolitical importance and is
central to all the key, current
environmental issues: climate
change, biodiversity, natural
hazards, pollution, ecosystem
services, and desertification.

A\

Most water on Earth, including that present
in lakes, rivers, deltas/estuaries, lagoons,
etc, is part of the hydrological cycle and
is inter-linked with the atmosphere, cryo-
sphere, soils, sediments and the rest of the
geosphere, as well as with the entire bio-
sphere. Water must therefore be seen and
studied in a holistic way.

Climate change, land use and abuse, eco-
nomic activities such as energy production,
industry, agriculture and tourism, urban
development and demographic change
mostly impact negatively on the status of
water and as a result, the ecological and
chemical status of EU waters, from moun-
tain springs to coastal zones, is threatened.
In addition, more parts of the EU are at risk
of water scarcity. Water ecosystems - on
whose services our societies depend -
become more exposed to extreme events
such as floods and droughts. It is essential
to better address these challenges on the
basis of improved scientific understanding
of all relevant processes so as to preserve
our resource base and increase its resil-
ience for life, nature, society and to protect
human health in the changing climate.

FRESHWATER:
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ICE, GROUNDWATER, LAKES, RIVERS, ESTUARIES

A holistic view on the water cycle requires
integrated, interdisciplinary and trans-sec-
torial approaches that provide solutions
to managing water-related societal risks.
Environmental monitoring agencies across
Europe continuously collect vast amount
of data on freshwater. Linking this routine
sampling with high-resolution data from
freshwater supersites and remote sens-
ing data would benefit society directly as
well as by supporting research in the area.
Some research facilities have collected
data on snow, ice and freshwater and com-
plementary environmental and ecological
information for more than a century. These
long time series have been instrumental in
understanding the coupling between the
water cycle, the changing climate and eco-
systems. It is of vital importance to ensure
that the long-time series are continued. Ex-
perimental facilities for studying complex
water-related phenomena - e.g. physical
modifications of estuaries, behaviour of
substances and energy in mesocosms, etc.
- allow physical models to underpin better
systemic understanding, often in conjunc-
tion with mathematical models.

I CURRENT STATUS

Much of the current science is done rely-
ing on access to existing water bodies, i.e.
without specific and dedicated large-scale
Research Infrastructures. The ESFRI Project
DANUBIUS-RI (International Centre for
Advanced Studies on River-Sea Systems),
supporting interdisciplinary research in riv-
er-sea systems, is the only physical pan-Eu-
ropean Research Infrastructure devoted to
support also research on transitional zones
between coastal marine and freshwater
areas, together with the ESFRI Landmark
LifeWatch ERIC (e-Infrastructure for Bio-
diversity and Ecosystem Research) as the
only e-RI, which extends its area of interest
also to the whole freshwater environments.
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 environmen-
tal hydraulic facilities. The ESFRI Project
AnaEE (Infrastructure for Analysis and
Experimentation on Ecosystems, H&F) also
offers access to experimental facilities in
freshwater environments.

B GAPS, CHALLENGES
AND FUTURE NEEDS

Europe needs a dense, highly instrumented
super-sites network of freshwater monitor-
ing, as well as simulation and experimen-
tal platforms. Lake, river and ground water
monitoring and experimental super-sites
should serve as calibration, validation and
development services for remote sensing
applications as well as for ecosystem and
for ecosystem service modelling. For the
comprehensive analysis of the changes
in the aquatic ecosystems an integrated
basin approach is necessary to under-
stand the impact of different drivers and
to find measures for sustainable water re-
sources management. The ESFRI Project
DANUBIUS-RI, with its structure consisting
of the four Nodes (Observation/Measure-
ments - Analysis - Modelling - Impact),
is aiming to bridge the before mentioned
gaps, at a basin-wide, river-to-sea ap-
proach.

The Water JPI Strategic Research and Inno-
vation Agenda™ and the WssTP Strategic
Innovation and Research Agenda®® provide
frameworks for collaborative research and
innovation efforts. The Water JPI intends to
increasingly play a role in facilitating the use
of relevant Rls, whereas for example WssTP
advocates the use of ‘real life living labs"
where innovative solutions can be tested
hence facilitating the scaling up of solutions.

14.
Water JPI, 2016
http:7www.waterjpieu/images/documents/SRIA%202.0.pdf

15.
WssTP, 2017
http:~/wsstp.eu/wp-content/uploads/sites/102/2017/01/
WssTP-SIRA_online.pdf
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MARINE:

FROM COAST TO DEEP OCEANS AND ICE CAPS

Shelf seas and the world-embracing ocean
form a group of dynamic complex systems
with a strong interplay of physical, chemi-
cal and biological phenomena at multiple
spatial and temporal scales. Due to inac-
cessibility, even their static features - e.g.
ocean bathymetry - are poorly known.
Seas and oceans provide food, energy, and
many other resources on which mankind
depends. The oceans have a fundamental
influence on our climate. Society is increas-
ingly concerned about global change and
its regional impacts. Sea level is rising at an
accelerating rate, the Arctic sea ice cover is
shrinking as high latitude areas are warm-
ing rapidly, and storminess is forecast to in-
crease. Since 1955, over 90% of the excess
heat trapped by greenhouse gases has
been stored in the oceans®. The oceans are
affected by the increased amount of CO2 in
the atmosphere leading to ocean acidifica-
tion which poses threats for many species.
Changes in the thermal structure of water
masses are likely to influence currents and
stratification. The effects of climate change
add to other stresses, such as pollution, in
particular [microl-plastics, and overfishing
that are already threatening the biodiversity
and health of the seas and oceans.

Last but not least, sources of geo-hazards
such as slide prone slopes, active tectonic
structures and volcanoes to mention some,
lay in marine environment at various depth
and distance from the coasts. Wherever
they are adjacent to populated regions, to
economically developed areas or sites of
strategic relevance, they represent threats
for the socio-economic fabrics and well-
ness. Marine observatories provide an es-
sential integration to land-based RIs for a
broader vision in the comprehension of the
natural phenomena.

Ocean observation is currently a key com-
ponent of the EU Strategy for Marine and
Maritime Research and has become a high
priority on the worldwide environmental
political agenda.

16.
IPCC (2013) WG1 AR5
http.z7www.ipcc.ch/report/ar5/wg1/

I8 CURRENT STATUS

Marine Rls consist of up to 800 - increas-
ingly networked - distributed facilities in
Europe, serving various domains such as
ocean - seafloor, subseafloor and water
layers above - and coastal sea monitoring,
marine biology research, blue biotechnolo-
gy innovation, research in aquaculture and
ocean engineering. Their observation and
data management components form the
foundation for a European Ocean Observ-
ing System (EOOS), providing the platforms
and services to deliver environmental data,
information and ultimately knowledge.
Marine RIs, including e-Rls, are as diverse
as: research vessels and their underwa-
ter vehicles for sea access and deep sea
exploration/sampling; voluntary vessels
for surface and sub-surface monitoring;
fixed and mobile, autonomous, including
drifting, in situ observing systems for sea-
water column and seabed observation and
monitoring; satellites for remote sensing
for sea-surface monitoring; marine data
centres; land-based facilities for ocean
engineering, such as deep wave basins,
water circulation canals, sensors tests and
calibration laboratories; and experimental
facilities for biology and ecosystem studies
and for marine genomics, biodiversity, blue
biotechnology, aquaculture, mesocosms;
virtual research experimental facilities for
biodiversity and ecosystem studies inte-
grating data resources from the physical
infrastructures and observation systems.
Marine research stations, of which there is
a high density around Europe, often pro-
vide a combination of services to marine
researchers.

Key RIs for water-related research are fos-
tered in ESFRI, as reported in Figure 2,
while there are also other EU projects and
initiatives supporting networks that are di-
rectly relevant for research.

17.
UNESCO (2017), Global Ocean Science Report—The
current status of ocean science around the world, L.
Valdés et al. (eds), UNESCO Publishing, Paris
https.//en.unesco.org/gosr
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= River-sea interaction, freshwater, wa-
ter-ice: the ESFRI Project DANUBIUS-RI, the
ESFRI Landmark LifeWatch ERIC - as e-Rl,
HYDRALAB+, AQUACOSM (mesocosms).

= Open ocean mobile platforms: the
ESFRI Landmark EURO-ARGO ERIC (Euro-
pean contribution to the international Argo
Programme), EuMarineRobots.

= Open ocean fixed point observatories:
the ESFRI Landmark EMSO ERIC (European
Multidisciplinary Seafloor and water-col-
umn Observatory).

= Research vessels and underwater vehi-
cles: ARICE, EUROFLEETS.

= Coastal/shelf
JERICO-NEXT.

seas  observatories:

= 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-informat-
ics: the ESFRI Landmark ELIXIR (A distribut-
ed infrastructure for life-science information,
H&F), the ESFRI Landmark EMBRC ERIC
(European Marine Biological Resource Cen-
tre, H&F), the ESFRI Landmark LifeWatch
ERIC - as e-Rl - and the ESFRI Project
AnaEE (H&F).

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

B GAPS, CHALLENGES
AND FUTURE NEEDS

Taking into account recent efforts to de-
fine research priorities and infrastructure
needs, such as European Marine Board
position paper, JPI Oceans SRIA agenda,
SEAS-ERA reports, a gap analysis has been
performed by the marine community to
identify gaps and weaknesses of the pres-
ent understanding of how the ocean func-
tions and our observing system. Marine
regions in open seas are under-sampled,
thus additional observatory nodes, togeth-
er with an acceleration of technological
developments, are required - e.g. deeper
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measurements from Argo floats, Biogeo-  tunistic sampling needs to be further ex- need to understand better the multiple
chemical Argo floats and from SMART panded, e.g. sensors could be further de-  cause-effect chains in the marine environ-
Cables*®. The UNESCO Intergovernmental  ployed on commercial ships operated by mental realm as a contribution to sustain-
Oceanographic Commission (I0C) is pre-  the private and public sector (analogue to  able use of marine and maritime resources.
paring the UN Decade of Ocean Science  ESFRI Landmark ICOS ERIC).
for Sustainable Development (2021-2030) Economic constraints impose a flexible and
to improve the scientific knowledge base, Beyond the development of existing or multi-use approach, innovation towards
in view of humanity's increasing reliance  planned individual Research Infrastructures  cost-effective observing strategies, and
on ecosystem goods and services from and networks, a more holistic approach prioritisation among possibly conflicting
the ocean. The current global knowledge is needed for the observing components needs. Efforts towards an integrated and
base is very weak - e.g. IOC estimates that  which are serving many different communi-  sustained EOOS are ongoing with discus-

99% of habitable marine areas lack basic  ties, including but not limited to the scientif-  sions among the community on a specific
biodiversity knowledge for their manage- ic community. The observation component  strategy, implementation plan and sus-
ment*?. However, efforts are on-going to s the first crucial part of the system which  tainable budget. EOOS should build on
employ newly developed sensors and needs standardisation and interoperability the wealth of existing Rls capabilities and
samplers that can be mounted on ob- effort to ultimately allow us to better know  multi-platform assets already operational
serving autonomous platforms - buoys, and understand the functioning of marine  across European waters. EOOS would inte-
glider, profiler etc. - or vessels and ships  ecosystems. Other components will require  grate marine observations from the coast to
seizing opportunities for more automated  more sophisticated models. From the per-  the open ocean and from surface to deep
sampling and analysis for biochemicaland  spective of a user of scientific information  sea; promote multi-stakeholder partner-
biological parameters. The use of oppor-  for utilisation in policy, a large gap is the ships for funding observing systems and
15 frequent absence of science-based as- sharing of data and align with global ef-
ITU/WMO/UNESCO I0C Joint Task Force sessment criteria to evaluate the impact of  forts within a robust framework. The EOOS
https Zwwwituint/en/ITU-T/climatechange/task-force- — hyman activities on environmental status®®  should also be smart, resilient and adapt-
sc/Pages/default.aspx
19— and ecosystem services, indicating a strong  able, driven by scientific excellence, stake-
IO.C. 2018. The United Nations Decade of Ocean Science 20: holder needs and teChnOLOgical innovation,
for Sustainable Development (2021-2030) Identified gaps on MSFD assessment elements. PERSEUS to fill the need for cross-discip[inary re-
http://unesdoc.unesco.org/ Project. ISBN 978-960-9798-01-3. Laroche S. et al., 2013 X
images/0026/002619/261962e.pdf https.//bitly/2uppYmC search and multi-stakeholder engagement'
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FIGURE 2.

Simplified diagram of the observation capabilities of ESFRI Landmarks and Projects respect to the
hydrosphere components (Y axis) and to the environmental processes therein (X axis).
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BIOSPHERE: BIOUNERSITY AND ECOSYSTEMS

Biodiversity research integrates the study of
the diversity and variability of Life on Earth
- namely terrestrial, marine and freshwater
ecosystems, and including diversity at genet-
ic, species and ecosystems. Ecosystem func-
tions refer to the structural components of the
ecosystems - e.g. water, soil, atmosphere and
biota - and how they interact with each other,
within ecosystems and across them, and how
they interact with societal activities.

A better understanding of the
interconnections, including
quantitative relations,
between biodiversity and
ecosystem services will allow
a better response to Grand
Challenges, namely those
included in the Sustainable
Development Goals.

A\

Biodiversity plays a central role in ecosys-
tem functioning and provision of ecosystem
services and is thus linked to key Societal
Challenges such as a secure and safe supply
of food and water and other natural resources,
human health, energy as well as climate reg-
ulation and pollination. The biodiversity and
ecosystem research is highly complex not
only because of necessary multi-spatial and
multi-temporal approaches, but also because
associated time scales can range from micro-
seconds up to millennia. Therefore, biodiver-
sity and ecosystem research requires a multi-
and interdisciplinary integrated approach.

Over the past 50 years or more, ecosystems
have changed dramatically due to human
pressure. Ecosystems have been affected
by soil exploitation, land-use change - for
example formation of large monocultures,
over-exploitation of natural resources, hab-
itat destruction and contamination. Fur-
thermore, invasive species has resulted in
biodiversity loss and disruption of natural
communities. As a result, in Europe, a several
species are threatened with extinction. For
instance, it is estimated that 15% of all mam-
mals are threatened with extinction, 13% of
all birds, 37% of all fishes, 19% of all reptiles
and 23% of allamphibians. These impacts af-
fect the structure and functioning of ecosys-
tems and consequently their sustainability.

The land-use change which causes habitat
destruction and the alien invasive species

are the most serious threats to biodiversity,
the loss of which is recognised to cause de-
crease of ecosystem services by affecting
ecosystem functioning and stability. The ef-
fective strategies to control invasive species
include the early detection, regular monitor-
ing of the growth of invasive alien species
populations, and prediction of future spread.
Research Infrastructures could be instru-
mental to develop these strategies, provid-
ing facilities to mobilize, access and analyse
data of citizen science, remote sensing, and
develop species distribution modelling for
current and future distributions.

In order to protect biodiversity, it is important
to also understand the societal drivers, such
as demographic, economic, socio-politi-
cal, cultural and religious, and scientific and
technological changes (Millennium Ecosys-
tem Assessment, 2005) as well as their im-
pact on the ecosystems - habitat change,
invasive alien species, and overexploitation
of species - and thereby indirectly identify
reasons for biodiversity loss.

Ecosystem integrity is indispensable to
reach the UN Sustainable Development
Goals (SDGs)**. Goal 15 directly refers to
terrestrial ecosystems: Protect, restore and
promote sustainable use of terrestrial eco-
systems, sustainably manage forests, com-
bat desertification, and halt and reverse land
degradation and halt biodiversity loss. Fur-
thermore, standardised observations from
the terrestrial ecosystem and biodiversity
domain comprise essential climate variables
(ECVs) and essential biodiversity variables
(EBVs) and thus provide knowledge towards
the UN Conventions on Climate Change
(UNFCCC)?? and Biological Diversity (CBD)*3,

Long-term observations and monitoring as
well as long-term research programs are
indispensable for the interpretation of on-
going ecosystem changes, including those
responsible for biodiversity loss and erosion.

21
UN Sustainable Development Goals (SDGs)
https.//www.un.org/sustainabledevelopment/sustainable-
development-goals/

22;
UN Convention on Climate Change (UNFCCC)
https.//unfccc.int/

23
UN Convention on Biological Diversity (CBD)
https./www.cbd.int/
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I CURRENT STATUS

The European landscape for terrestrial
ecosystem and biodiversity RIs covers the
complexity of the research agenda (see
Figure 3). The ESFRI RIs are built on or
closely connected to EU-funded projects
such as Integrating Activities (IA).

= Observatories and Monitoring Facilities:
the ESFRI Landmark ICOS ERIC, the ESFRI
Projects DANUBIUS-RI and eLTER (Inte-
grated European Long-Term Ecosystem,
critical zone and socio-ecological system
Research Infrastructure), the IA InterAct (on-
going), INGOS (until 2015), and SIOS (Sval-
bard Integrated Arctic Earth Observing Sys-
tem) (Integrating all observations, terrestrial,
marine and atmosphere at Svalbard).

= Facilities for in situ and in vivo experi-
mentation: The ESFRI Project AnaEE (H&F),
the IA AQUACOSM.

= Biological collections, Data infrastruc-
tures and reference data: the ESFRI Project
DiSSCo (Distributed System of Scientific Col-
lections), the ESFRI Landmark ELIXIR (H&F),
and the ESFRI Project MIRRI (Microbial Re-
source Research Infrastructure, H&F), the I1As
SYNTHESYS (until 2017).

= e-Infrastructures for analysis and mod-
elling: the ESFRI Landmark LifeWatch
ERIC, and the IA IS-ENES (ongoing).

The size of the researcher community
served by these RIs might be estimated
using as proxy the number of researchers
engaged with national and international
ecological associations, which raises up
to 10.000 in Europe and 40.000 worldwide
and additional researchers from climate
and GHG communities. Other direct users
include officers of regional, national and Eu-
ropean environmental agencies responsi-
ble for national inventories and nature con-
servation, local and national administration,
and environmental NGOs supporting deci-
sion making and policy implementation.

The paradigm shift in terrestrial ecological
research from searching for a unifying eco-
system theory to tackling specific Grand
Challenges (and in addition a shift from


https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://unfccc.int/
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ecosystem conservation to preservation
of ecosystem services) is mirrored by all
Research Infrastructures in the domain but
differs in the degree of being conducted in
the basic concept of individual Rls. With the
strongest relation to the approach of eco-
logical integrity, the ESFRI Project eLTER
is tackling a broad spectrum of ecological
challenges, however the theoretical base
is starting from understanding ecosystems.
The ESFRI Project AnaEE (H&F), providing
experiments instead of observations, and
with stronger focus on agriculture and food
security, is starting a bit more specific from
a defined set of ecological and societal
challenges and has a more anthropocentric
objective in the preservation of ecosystem
services, food security as well as specific
contributions to bioeconomy.

In contrast to the ESFRI Projects eLTER
and AnaEE (H&F) with their basis in the
ecological integrity approach or in a broad

ESCOSYSTEM 4
FUNCTION

FIGURE 3.

Schematic landscape of biodiversity and ecosystem ESFRI Research Infrastructures.

spectrum of related Grand Challenges,
the ESFRI Landmark ICOS ERIC is fol-
lowing a cross-domain approach that
aims to understand the carbon cy-
cle and to provide necessary informa-
tion on the land-ecosystem exchange
of CO2, CH4 and N20 with the atmo-
sphere. The ESFRI Landmark LifeWatch
ERIC has, similar to ICOS, a cross-do-
main approach and a focus on the Grand
Challenges of preserving biological diver-
sity and of protecting ecosystem health.
The ESFRI Landmark LifeWatch ERIC is
an e-Infrastructure without own obser-
vations and enables knowledge-based
solutions to environmental managers by
providing access to a multitude of sets of
data, services and tools. Specific issues re-
lated with biodiversity research, the role of
biodiversity in ecosystem functioning and
conservation are addressed by the con-
struction and operation of Virtual Research
Environments (Virtual Laboratories & Deci-

sion-support Applications) where integrat-
ed models at the meso- or higher scales
are executed.

The digitalisation 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.
Of the 8 million species that are estimated
to exist, only 1.8 million are currently sci-
entifically described. For some biological
groups - insects, nematodes, and micro-
organisms - only 10% of the species are
known, and many species become extinct
without being discovered. Many parame-
ters in taxonomy need specialized human
efforts. The overall ensemble of Ris in the
terrestrial ecosystem and biodiversity field
covers comprehensively the scales from
molecules to continents and responds to
a wide range of environmental challenges.
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I GAPS, CHALLENGES AND FUTURE NEEDS

The Grand Challenges related to biodiversity, ecosystems and bio-
diversity are highly inter-related. Land-use change is usually accel-
erating both loss of biodiversity and climate change by release of
CO2 and by creating agricultural monocultures or land degradation.

Firstly, urged by the biodiversity loss, the taxonomic gap needs to
be overcome, in order to discover and describe the % of the biodi-
versity 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 provide more automated systems
with respect to genomics, species and ecosystem analysis.

Other challenges are the invasive species which can affect native
species and habitats, alter the ecosystem primary productivity and
thus the carbon sequestration. Consequently, the RIs need to better
integrate their data life cycles and to seek common geographical
coverage of their observing infrastructures by co-location and a
mutual strategy to fill geographical gaps. Observations and exper-
iments need further scientific integration. Modelling can be a pow-
erful tool for the conjunction of organismic and process-oriented
approaches as well as multiple challenges perspectives in ecosys-
tem analysis. However, most existing ecosystem models represent
only facets and require further development.

Monitoring biodiversity and ecosystems changes requires also
the development and implementation of the Essential Biodiver-
sity Variables®* as ecological data products underpinned on data
and metadata standards, data quality and data preservation would
ensure the needed interoperable resources to perform ecological
studies and assessments.

The manifold connections to other fields, particularly Health &
Food, but also Social Sciences and Energy are obvious. Agriculture
and Bioenergy directly affect ecosystem integrity which itself is an
important factor for human health, but also for food production.
Environmental literacy and behaviour are important interfaces to
Social Sciences.

24.
Pereira, HM. et al,, 2013. Essential Biodiversity Variables. Science 339, 277-278
https.//doi.org/10.1126/science.1229931
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GEOSPHERE: -ROM [HE SURFACE 10 THE INTERIOR OF
THE EARTH, FROM GEOHAZARDS T0 GEORESOURCES

The solid Earth science is concerned with
the internal structure and dynamics of plan-
et Earth and with surface processes. Solid
Earth science deals with multiscale physi-
cal and chemical processes, from micro-
seconds to billions of years and from nano-
metres to thousands of kilometres.

Geology, natural hazards,
natural resources and
environmental processes,

in general, do not respect
national boundaries, therefore
seamless, trans-national
integration of measurements
and calibrated data is crucial
to enable research and
societal applications.

lnmuuuvet

Progress in Solid Earth science relies on
integrating multidisciplinary data acquired
through long-term monitoring, new ob-
serving systems, and high-level taxonomy
data products. The understanding of en-

vironmental changes requires unravelling
complex and intertwined processes. Solid
Earth science contributes to systemic and
highly  cross-disciplinary  investigations,
representing an essential component of the
investigation of the Earth system. The ash
and gas dispersion during a volcanic erup-
tion is a key example of the multidisciplinary
observations required to monitor a natural
phenomenon and its underlying processes
- e.g. seismic activity, ground deformations,
magma rheology - and of the cross-disci-
plinary implications for meteorology, atmo-
spheric sciences, marine sciences, and the
life sciences.

In addition to enable fundamental scien-
tific advancement in understanding planet
Earth, RIs in the solid Earth domain pro-
vide a crucial contribution to two areas of
high societal relevance: geo-hazards and
geo-resources. In particular, they:

= enable assessing and mitigating the
risks caused by natural hazards, such as
earthquakes, volcanic eruptions, tsunamis
and landslides;

= make available monitoring infrastruc-
tures, experimental facilities and expertise
for optimising exploration and exploitation
of geo-resources and monitoring of natural
resources, including geo-energy resourc-
es (ie. geothermal energy, conventional oil
and gas, shale gas), underground storage
(carbon, gas, nuclear waste), raw materials,
minerals and rare earth elements, and for
estimating and mitigating the risk of anthro-
pogenic hazards, such as earthquakes pos-
sibly induced by the extraction of geo-en-
ergy resources;

= provide the monitoring and research
background for a correct use of the under-
ground, taking into account considerations
of RlIs, long-term environmental sustainabil-
ity and economic viability.

I8 CURRENT STATUS

The solid Earth domain is represented in
ESFRI by a single Research Infrastructure,
the ESFRI Landmark EPOS (European Plate
Observing System). The large community of
Rl operators and users chose to establish an
all-encompassing Rl framework, including
all the different RI classes covering seis-
mology, near-fault observatories, geodetic
data and products, volcano observations,
satellite data, geomagnetic observations,
anthropogenic hazards, geological informa-
tion and modelling, multi-scale laboratories,
and geo-energy test-beds for low-carbon
energy. As a result, the ESFRI Landmark
EPOS integrates several hundreds of indi-
vidual Rls, distributed in all countries of the
Euro-Mediterranean region, with the aim to
obtain an efficient and comprehensive mul-
tidisciplinary research platform for the Earth
sciences in Europe based on novel e-infra-
structure concepts for interoperability and
provisions of distributed data through In-
tegrated Core Services (ICS) and Thematic
Core Services (TCS). In order to enable the
required access to inter-disciplinary obser-

vations, the ESFRI Landmark EPOS estab-
lished strategic and synergetic alliances and
specific TCSs with existing data- and ser-
vice-providers, such as ESA for the satellite
data , the EuroGeoSurveys for the geologi-
cal data and interpretations, INTERMAGNET
for magnetic data and EUREF for reference
GNSS data and products.

In addition to the ESFRI Landmark EPOS, oth-
er geosciences Rls and projects are operated
globally or in fields currently not formally in-
cluded in the EPOS RI framework; on-going
work is conducted to ensure the required
coordination and integration (Figure 4). These
include:

= the continental- and ocean-drilling RI
and programs (ICDP and IODP/ECORD);

= the collections of exploration data (oil
and gas, minerals);

= the underground laboratory facilities
established for research on geological

waste repositories, now federated by the
new initiative EUROL;

= European ERANET programs covering
mineral and energy resources, ERA-min?5,
coordinating research and development in
Europe in the field of mineral prospecting,
coordinating and integrating national infra-
structures, data management and technical
development to support the joint European
research efforts with the aim to contribute
to European mineral security; ACT, to ad-
vance carbon technologies towards the
establishment of a carbon-free society;
GEOTHERMICA, for the advancement of
geothermal and petrothermal technologies
for electricity and energy generation and
storage;

= Research Infrastructures projects, for
access to data, services and infrastructures
in seismology and earthquake engineering

25.
ERA-min
http:.7www.era-min-eu.org/
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SERA; for access to observatories and Re-  (seismological products), key contributor to
search Infrastructures for volcanology EPOS;
EUROVOLGC;
= research projects on seismic hazard,
= supersites EC projects in GEO, MEDSUV  early warning and risk assessment - SHARE,
and FUTUREVOLC (Volcano observatories),  SAFER, REAKT, MATRIX, STREST;
MARSITE (Near Fault Observatories);
= e-science Virtual Environment Proj-
= international organization involved in ects, including VERCE, EUDAT, ENVRI and
coordinating national RIs and monitoring  ENVRI+ (with a strong EPOS participation).
networks in seismology and seismic risk,
ORFEUS (seismological data) and EMSC
. EPD
LABORATORIES
MULTI-SCALE LABORATORIES
SATELLITE DATA
REMOTE
SENSING GNSS DATA AND PRODUCTS
EUREF
=2 ANTHROPOGENIC
= GEOMAGNETIC NEAR FAULT HAZARDS
=T
= OBSERVATIONS OBSERVATORIES Y
§ SURFACE GEUTI-F?I%L\AI}IEBL
S
SUB-SURFACE INTERMAGNET SUPERSITES ACT, ERA-MN \VOLCANO
OBSERVATIONS
SEISMOLOGY ORFEUS-EMSC GEOLOGICAL INFORMATION AND MODELING
SUPERSITES
NEGA SERA EURO 0L
GETB
UNDERGROUND
ICOP, I0DP EUROL -
v EARTHINTERIOR EARTHQUAKES ACTIVE FAULTS SURFACE DYNAMICS GEO-RESOURCES VOLCANOES
| PROCESSES »
FIGURE 4.

Landscape of solid Earth science platforms and key application areas for the geosphere
domain. Blue boxes identify the EPOS Thematic Core Services (TCS). Green boxes refer to other
geosciences RIs and projects operated globally or in fields currently not formally included

in the EPOS RI framework. (GETB=TCS Geo-Energy Test Beds for low carbon energy).
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I GAPS, CHALLENGES AND FUTURE NEEDS

In the future, integration and cooperation in the Geosphere domain
needs to concentrate on a few strategic priorities.

The interactions and collaborations between industrial stakehold-
ers and the public sector - such as the European geological sur-
veys - needs to be strengthened. This also involves the account-
ability of data and data providers as well as the adoption of effective
interaction strategies in which the role of scientists is clear. This
is mandatory to face ethic issues in communicating science and
geo-hazards to society.

Europe uses about 20% of the world's primary metal supply, but
produces far less than this (3-8%); the situation is worse for critical
metals and rare earth elements; new Ris and data are urgent in the
fields of geo-resources and mining, in order to achieve meaningful
targets of energy and mineral security in Europe; the involvement of
laboratories - rock deformation labs, deep underground labs, geo-
physical exploration data, technologies for environmentally friendly
mining, analytical facilities for geochemistry and mineral resources,
and modelling facilities are key required ingredients.

There is also a need for RIs to enable member states to fulfil the re-
quirements for scientific research and technological development
for safe management of high and medium grade nuclear waste in
accordance with international and European legislation - e.g. Direc-
tive on the Management of Radioactive Waste and Spent Fuel, 2011.

Ocean and continental drilling equipment and programmes need
to be intensified, this to increase geographical coverage in critical
areas; this requires to collect observations on the solid Earth from
oceanic regions, including dense ocean-bottom geophysical and
seismic monitoring and floating devices.

Finally, the ESFRI Landmark EPOS will be completed and it could
serve as a European platform for fostering integration and coordina-
tion of all observing and surveillance systems and their services at
European scale and for increasing global coordination in solid-Earth
observing systems, in cooperation with IASPEI, FDSN, IAVCEI,
WOVO, GEO and other international programs and organizations.

LANDSCAPE ANALYSIS ENVIRONMENT

VISION AND PERSPECTIVES

The medium to long-term vision (2020-2040) for environmental Re-
search Infrastructures is based on the objective to better facilitate
and enable researchers to work in a more integrated manner towards
universal understanding of our planet and its behaviour, and to tackle
environmental challenges. It is important to study not just individual
domains of our planet, but to observe as many of those domains syn-
ergistically. This should result in the evolution of a seamless holistic
understanding of the Earth's system. Three interdependent resourc-
es, that of technological capital, cultural capital and human capital
are needed to develop and achieve that vision: technological resourc-
es which entails the building of monitoring/observational, compu-
tational and storage platforms and networks; cultural resources en-
tailing open access to data - requiring rules, licenses and citation
agreements on metadata and data; and human capital requiring data
scientists as well as discipline scientists.

A federated approach should help to reduce overlaps, to maximise
synergies and benefits, and to coordinate Research Infrastructures
in order to optimize observing systems ranging from in situ and re-
mote sensing data measurement and collection, to data analysis in
the laboratory. Concrete actions towards this direction have started
already within the ENVRIPLUS (Environmental Research Infrastruc-
tures Providing Shared Solutions for Science and Society) project,
the cluster of ENV RIs, built around ESFRI roadmap and associated
leading e-infrastructures and Integrating Activities, and RIs from
other domains as Health & Food for fostering cross-disciplinarity.

ENVRI has proven to be an excellent tool to coordinate Environ-
mental RIs regarding everything from Management, Access policy,
Data handling etc. It is of imperative importance that this initiative
is continuing.
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HEALTH & FOOD

KEY MESSAGES

The Health & Food RIs landscape
is consolidating firmly in the Eu-
ropean Research Area with now
10 Landmarks and 6 Projects
covering the vast remit of health,
agri-food and the bioeconomy.

To generate readiness to meet
current challenges and de-
mands, the Health & Food RIs
need to continue cementing their
efforts and connecting between
them using their different com-
petences and technologies at
the service of the user commu-
nity.

Gaps in the Health & Food land-
scape can be identified at many
levels and it will also be import-

ant to connect infrastructure
efforts with other domains, as
significant innovations and new

developments often occur at the

There is a broad consensus that future
competitiveness in a globalised knowledge
economy depends on research capability. Research
Infrastructures (RIs) in the Biological, Agri-Food and
Medical Sciences - i.e. Health & Food - continue to
establish themselves as research, innovation and
skills hubs and as a motor for economic impact. This
is reflected in increasing levels of industrial access to
Rls, and in their European and global positioning.

The economic impact of investments in
large-scale biomedical research, such as
the 3.75 billion € investment in the Human
Genome Project, has spurred an estimat-
ed 900 billion € in economic growth, i.e.
a 178-fold return on investment®. The bio-
economy on the other hand is estimated
to be worth at least 2 trillion € in the EU?,
The arrival of the digital age allows sharing
and collective working on a large and dis-
tributed scale. Health & Food RIs are key
catalysers of progress and change in this
new age. The increasing level of sophisti-
cation in instrumentation, tools and tech-
niques means that even very large insti-
tutions or laboratories cannot provide and

invested nationally and at EU level in iden-
tifying and establishing the current RIs in
the ESFRI Roadmap (see Figure 1). These
key infrastructures are at different stages in
their implementation, providing access to a
range of key services and giving much visi-
bility to the Health & Food landscape.

Health & Food RIs are also taking an in-
creasing role internationally. The Report
of the Group of Senior Officials on Glob-
al Research Infrastructures® lists the
ESFRI Landmarks BBMRI ERIC (Biobank-
ing and BioMolecular Resources Research
Infrastructure), ELIXIR (A distributed in-
frastructure for life-science information)

boundaries of research areas. maintain access to all services relevant to  and INFRAFRONTIER (European Research %
the field in question, hence services need  Infrastructure for the generation, pheno- B
In the field of data, further efforts to be more specialised and distributed.  typing, archiving and distribution of mouse i
are required to promote and fa- Distributed RIs offer an interdisciplinary set  disease models) as Research Infrastruc- E
cilitate the interaction between of skills, complemented by disciplines out-  tures of Global Interest recognising their -
domains and to avoid fragmenta- side the Biological, Agri-Food and Medical  global leadership. v
tion of the data continuum. sciences, and are well positioned to ad- o
dress the challenges facing our society  There has been continued progress towards E
today, which see no countries, boundaries  alignment of the Health & Food landscape &
or disciplines. with the national roadmaps. This is contrib- t
uting to increased efficiency between ex- )
ESFRI has been instrumental and influen- isting Ris and will help consolidate existing g
tial in the co-ordination of national deci- and new Rls. The landscape requires sus- z
sion-making and investment in European tained effort to complement with new RIs, E
Rls in Health & Food. The landscape contin-  to maximise current services, and to cement §
ues to evolve and it is important to ensure  new functionalities, integration and interac- %
its ability and agility to respond to current  tions with the relevant fields. The Health &
and future demands. Much effort has been  Food landscape considers the current and \Q
future challenges in Europe, notably in the é
1 provision of healthcare and sustainable and G
Economic Impact of the Human Genome Project. Battelle . . ) E
Technology Partnership Practice for United for Medical heal'thy food in the context of a Changmg cli- S
Research - Tripp, S. & Grueber, M., 2011 I
https.~/bitly/2NaAzbQ N 5{
2. GSO Progress Report, 2017 %
A Bioeconomy Strategy for Europe, 2012 https.//ec.europa.eu/research/infrastructures/pdf/ :I
http://ec.europa.eu/research/bioeconomy/ gso_progress_report_2017pdf 3



https://www.battelle.org/docs/default-source/misc/battelle-2011-misc-economic-impact-human-genome-project.pdf
http://ec.europa.eu/research/bioeconomy/index.cfm
https://ec.europa.eu/research/infrastructures/pdf/gso_progress_report_2017.pdf
https://ec.europa.eu/research/infrastructures/pdf/gso_progress_report_2017.pdf

BIOLOGICAL RESOURCES
. & PRODUCTION SYSTEMS |

BIOLOGICAL SCIENCES MEDICAL SCIENCES

Clinical Research
ECRIN ERIC

2006 Rls

2008 Rls

High Security Labs

Systems Biology

1
1
Biorepositories- i
Microorganisms !
I
1
1
|
|

2010Rls

2016 Rls

2018 Rls

FIGURE 1.

Health & Food Research Infrastructures in ESFRI Roadmap 2018
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mate and limited land availability. In order to
generate readiness to meet the challenges
and demands, the Health & Food Rls need
to continue connecting with each other and
with the entire scientific landscape, using
their different competences and technolo-
gies at the service of the user community.
Health & Food RIs* provide complementary
and synergistic infrastructure facilities (see
Figure 2), and contribute to building the ERA
by:

= providing pan-European open access to
cutting-edge technology platforms for aca-
demia and industry;

= enabling researchers to find new solu-
tions to meet the major societal challenges
they face collectively, including the health of

4.
Biological and Medical Sciences Thematic Working Group
Report, 2010
http.//ec.europa.eu/research/infrastructures/pdf/
bms_report_en.pdf

-~
POPULATION
EATRIS ERIC
= INFRAFRONTIER
=
=
BBMRI ERIC
EU-OPENSCREEN ERIC
INSTRUCT ERIC
MOLECULES

LANDSCAPE ANALYSIS

the ageing population and the environmen-
tally sustainable supply of affordable and
nutritious food;

= promoting interdisciplinary and excel-
lent research in Biological, Agri-Food and
Medical Sciences across Europe, alignment
and standardising the European research
landscape and reducing fragmentation;

= promoting interdisciplinary connections
with other domains in Energy, the Environ-
ment, Physical Sciences & Engineering, and
in Social & Cultural Innovation;

= rapidly translating findings from ba-
sic science to new applications in Biology,
Agri-Food and Medicine;

= delivering synergies and highly interop-
erable research processes, creating seam-
less value chains;

Euro-Biolmacing

HEALTH & FOOD

= identifying and accelerating the devel-
opment and integration of technologies into
the infrastructures to meet emerging needs;

= generating opportunities to maximise
the competitiveness of Europe's knowl-
edge-based industry and the bioeconomy
- eg. the agricultural, pharmaceutical, bio-
technology and food industries, plus ad-
vanced equipment manufacturers, as well
as development and utilisation of intellectu-
al property;

= providing training and education to cur-
rent and future Research Infrastructure pro-
fessionals;

= attracting and retaining world-leading
scientists within the ERA.

HEF

ESFRILANDMARK @
ESFRIPROJECT
COMPLEMENTARY PROJECT

ELIXIR

EMBRC ERIC

MOLECULES

FOOD

ECOSYSTEMS D

FIGURE 2.

The indicative position of ESFRI RIs relative to the different

levels of organisation in the Health & Food domain
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THE HEALTH CHALLENGE

There is a rising demand for health care
in Europe and worldwide, brought by an
ageing population with a complex dis-
ease-pattern and chronic diseases. Mod-
ern lifestyles further add to the costs, e.g.
through increasing incidence of disease
like diabetes type 2, cancer and infectious
diseases. Moreover, changes in climate
are likely to affect human health in Europe
particularly in older people and those with
chronic diseases (IPCC, 2014). Increase in
the incidence of mental health problems
also needs to be addressed. Developing
relevant and effective prevention, screen-
ing, early diagnosis, treatment and rehabil-
itation, research questions call for research
which is capable to use complex inter- and
cross-disciplinary research models, tech-
nologies, and bridges between scientific

5.
Advice For 2016/2017 of the Horizon 2020 Advisory Group
For Societal Challenge 1. Health, Demographic Change
And Wellbeing, 2014
http.//ec.europa.eu/transparency/regexpert/index.
cfm?do=groupDetail.groupDetailDoc&id=15073&no=1

6.

disciplines and society®®”7. The next gener-
ation will have demands on the health and
care community based on all information
which can be accessed. This combined
with an overall improved economic situa-
tion where tomorrow's elderly will need to
get the most effective treatment, prediction
of illness and homecare. This is one societal
challenge to be addressed and communi-
cated. There is a need to continue bringing
together leading healthcare companies
across multiple industry sectors, public and
private research centres, and top universi-
ties, to accelerate entrepreneurship and in-
novation in healthy living and active ageing

for the benefit of all EU citizens®,

We are in a transition phase moving away
from a one-size-fits-all approach into cus-

7.
The Precision Medicine Initiative Cohort Program - Building
a Research Foundation for 21st Century Medicine, 2015
https.//acd.od.nih.gov/documents/reports/DRAFT-PMI-
WG-Report-9-11-2015-508.pdf

8.

Shaping Europe’s Vision for Precision Medicine, 2015
http./www.permed2020.eu/_media/PerMed_SRIA pdf

EIT Health
https./www.eithealth.eu/

tomised health care that is tailored to
the needs of the individual. Personalised
medicine focuses on the patients based
on their individual clinical characterization.
Precision medicine focuses on identify-
ing which approaches will be effective for
which patients based on genetic, environ-
mental, and lifestyle factors. This transition
towards customised health care is data-
and knowledge-driven. The challenge of
data- and knowledge- collection, man-
agement and stewardship for precision
medicine is already beginning to be met
by pan-European infrastructures like the
ESFRI Landmarks ELIXIR, BBMRI ERIC,
INFRAFRONTIER and others (see Figure 3),
- including ethical, legal and social implica-
tions. For proper storage and smart retrieval
of these data and knowledge, ICT for health
is indispensable. Data relevant to precision
medicine are not only generated in the
laboratory and clinic. Citizens and patients
are increasingly taking advantage of social
media and app technologies to share infor-
mation about their own health and lifestyle.
Data shared by patients have already been

HEF

ESFRILANDMARK @
ESFRI PROJECT
CONPLEMENTARY PROJECT

DISEASE

INSTRUCT ERIC

THE HEALTH CHALLENGE

HEALTH

EU-OPENSCREEN ERIC

BBMRI ERIC

Euo-Biolmacing

I ELIXIR

EATRIS ERIC

[ INFRAFRONTIER

EMBRC ERIC

MOLECULES

LEVELS OF ORGANISATION

POPULATION

FIGURE 3.

The indicative position of ESFRI Research Infrastructures relative to
the different levels of organisation in the Health domain
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used effectively for research purposes and it is apparent that this
sort of citizen-led collaboration can serve to accelerate clinical re-
search.

The development of increasingly tailored interventions will require
smooth translation - the ESFRI Landmark EATRIS ERIC (Europe-
an Advanced Translational Research Infrastructure in Medicine) -
and new clinical trial designs to take account of the shift in focus
from population to well-defined cohorts of even individuals - the
ESFRI Landmark ECRIN ERIC (European Clinical Research Infra-
structure Network) and the complementary project EPCTRI (Eu-
ropean Paediatric Clinical Trial Research Infrastructures), which is
focused on paediatric clinical trials. The experience can be extrapo-
lated to other designs involving relatively few patients, e.g. rare dis-
eases. The EU launched a Consultative Group on the European Joint
Programme (EJP) for Rare Diseases, in which the ESFRI Landmarks
EATRIS ERIC and ECRIN ERIC, and the complementary project
EPCTRI, are actively participating. The aim is to consolidate the
transnational research on rare diseases through existing Euro-
pean platforms, and in the framework of the Horizon 2020 work
programme 2018-2020, under Societal Challenge 1 - Health, De-
mographic change, and Well-being. Customised health-care is
becoming one of the highly valued new possibilities for science
and society. New threats, including pandemics, and exacerbation
of diseases thought to be already eradicated, require the devel-
opments of innovative treatments and new strategies for the de-
sign of new drugs and potent vaccines - the ESFRI Landmark
INSTRUCT ERIC (Integrated Structural Biology Infrastructure).
Improved health-care will inevitably face the problem of the
need for new therapies requiring bioinformatics - the ESFRI
Landmark ELIXIR; experimental analysis of targets - the ESFRI
Landmark INSTRUCT ERIC; medicinal chemicals and new biologi-
cals - the ESFRI Landmarks EU-OPENSCREEN ERIC (European In-
frastructure of Open Screening Platforms for Chemical Biology) and
INSTRUCT ERIC; an integrated approach to modelling disease -
the ESFRI Project ISBE (Infrastructure for Systems Biology Europe);
and state-of-the-art imaging technologies - the ESFRI Landmark
Euro-Biolmaging (European Research Infrastructure for Imaging
Technologies in Biological and Biomedical Sciences). In the case
of emerging infectious diseases, as recently demonstrated by the
Ebola outbreak, high-containment infrastructures will be crucial
for new research - category 4 containment, the ESFRI Landmark
ERINHA (European Research Infrastructure on Highly Pathogenic
Agents) - including contained characterisation methods (category
3 and 4 electron microscopy). Important underpinning bioscience
developments, such as the Human Cell Atlas, are in preparation.
The Human Cell Atlas is an ambitious international programme with
active participation by European countries, aiming to facilitate a
comprehensive reference maps of all human cells as a basis for un-
derstanding human health and diagnosing, monitoring and treating
disease? 1213,

LANDSCAPE ANALYSIS

9.
The Human Cell Atlas
https./www.humancellatlas.org/

10.

The 2015 Ageing Report 12.
http.//ec.europa.eu/economy_finance/publications/european_economy/2015/pdf/ EIT Health

ee3_en.pdf https.7www.eithealth.eu/about

11. 13.

The Data Mapping Project Towards Cleaner Air Scientific Assessment Report 2016

http./www,jpi-dataprojecteu/ http://www.unece.org/index.php?id-42861
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http://ec.europa.eu/economy_finance/publications/european_economy/2015/pdf/ee3_en.pdf
http://www.jpi-dataproject.eu/
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THE FOOD CHALLENGE

The global demand for food is predicted to
increase 50% by 2030 and 100% by 2050.
In many European countries, the growth
trends of the yields of major crops, espe-
cially wheat, have declined over the past
two decades and the variability of crop
yields has increased as a consequence of
extreme climatic events, such as the sum-
mer heat of 2003, which led to 36 billion €
economic losses. FAO's 2016 report on the
State of Food and Agriculture estimates
decrease in yield of major European crops
like wheat, maize and soybean under differ-
ent climate scenarios. We need to produce
more food whilst considering the influence
of a changing climate, by increasing crop
yield, and the efficiency, resilience and sus-
tainability of the food chain, i.e. more prod-
uct for less water, energy and chemical in-
puts. Substantial improvements with regard
to livestock production are also needed,
including new or more efficient strategies
for preventing and managing livestock
pathogens and the impact of antimicrobial
resistance. But food security is also about
improving nutritional and health benefits
of foods, and making it accessible and af-
fordable, globally, also minimising food
waste. The UN sustainable development
goals set food waste reduction targets of
the following “halve per capita global food
waste at the retail and consumer level, and
reduce food losses along production and
supply chains by 2030" Additionally, the
Paris Agreement in 2015 recognised the
important role of food production system
in a changing climate and offers many op-
portunities in the food and farming sectors
to limit the global temperature increase to
well below 2 degrees.

14.

The food system is by far the largest industri-
al sector in Europe in terms of turnover, value
added and employment. In 2014, the activities
with the strongest growth were agriculture,
forestry and fishing (2.8%) and food services
(21%) among others. An innovative bioeco-
nomy in support of a green growth strategy
that combines economic growth, natural re-
source preservation, highly efficient resource
utilisation in well integrated value chains and
greenhouse gas reduction is necessary. The
bioeconomy is estimated to be worth at least
2 trillion € in the EU and employing around
22 million people. The objective is to secure
sufficient supplies of safe, healthy and high
quality food and other bio-based products,
by developing resource-efficient primary pro-
duction systems, fostering related ecosystem
services and the recovery of bio-diversity,
alongside competitive and low carbon sup-
ply chains™45:16:17:18:19.202122 The food sys-
tem fits in the concept of circular economy as
a regenerative system that aims to preserve
and enhance natural capital, optimises re-
source yields, and minimises system risks.
Embedded in the framework of sustainable
development, the goal is to produce goods
and services while reducing the consumption
and wastage of raw materials, water and en-
ergy sources?3, The blue economy is another
area with great potential for innovation and
growth, representing roughly 5.4 million jobs
and generating a gross added value of al-
most 500 billion € ayear®®. There is a need to
continue developing the marine biotechnolo-
gy pipeline towards Blue Growth, and deliver
the long term strategy to support sustainable
growth in the marine and maritime sectors,

How to feed the world in 2050. Food and Agriculture
Organization of the United Nations (FAO), 2009
http./www.fao.org/fileadmin/templates/wsfs/docs/

19.

expert_paper/How_to_Feed_the_World_in_2050.pdf

15.
Climate Change 2014, Synthesis Report - IPCC, 2014
http.//www.ipcc.ch/report/ars/syr/

16.
A European science plan to sustainably increase food
security under climate change. Soussana et al. Global
Change Biology 18 (11), p. 3269-3271, 2012

Important steps have been taken with G7
Future of the Seas and Oceans Initiative®,
COP21%7 and FOOD 2030. The realisation of
these, among other large initiatives, will re-
quire new collaborations between Research
Infrastructures and perhaps new configura-
tions and approaches.

Europe is well placed to address these is-
sues. The European RIs currently on the
Roadmap constitute the starting point to
achieve this ambitious goal for Europe: the
ESFRI Project AnaEE (Infrastructure for Anal-
ysis and Experimentation on Ecosystems)
on experimental manipulation of managed
and unmanaged terrestrial and aquatic eco-
systems, the ESFRI Project EMPHASIS (Eu-
ropean Infrastructure for Multi-scale Plant
Phenomics and Simulation), the ESFRI
Landmark EMBRC ERIC (European Marine
Biological Resource Centre) on marine eco-
systems and biological resources, the ESFRI
Landmark ICOS ERIC (Integrated Carbon
Observation System, ENV) on high preci-
sion monitoring of greenhouse gas fluxes,
other Ris from the ENV domain, the ESFRI
Project MIRRI (Microbial Resource Research
Infrastructure) on microorganisms-orient-
ed services applied to biotechnology and
food production, the ESFRI Landmark
Euro-Biolmaging on integrating imaging
technologies and services (with links to crop
phenotyping), the ESFRI Landmark ECRIN
ERIC on clinical trials and nutritional trials, the
ESFRI Landmark INSTRUCT ERIC on the
use of structural biology to support plant
and animal sciences, the ESFRI Project ISBE
on integrated approach to food systems, and
the ESFRI Landmark ELIXIR on life sciences
large-scale data and knowledge manage-
ment - applied to agriculture and bioin-

Joint Programming Initiative - A Healthy Diet for a Healthy  dustries — and their links to other multidisci-
Life OPI-HDHL plinary Ris (see Figure 4).
https./www.healthydietforhealthylife.eu/

24,

20.

A Bioeconomy Strategy for Europe, 2012
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Sustainable Agriculture, Forestry and Fisheries in the
Bioeconomy. A Challenge for Europe. 4th SCAR Foresight
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17.
European Statistics (Eurostat) - European Commission,
2008
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18.
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22:

Sustainable Development Goals 17 Goals to Transform
the World
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The European Marine Biological Research Infrastructure
Cluster: An Alliance of European Research Infrastructures
to Promote the Blue Bioeconomy - Grand Challenges in
Marine Biotechnology. pp 405-421, Pina M. et al., 2018
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26.
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THE FAIR DATA REVOLUTION

The Open Data agenda has been driven
steadily by the Health & Food distributed in-
frastructures in collaboration with relevant
stakeholders. DNA sequencing technolo-
gies have revolutionised the life sciences,
from basic biological research right through
to biomedical, biotechnology and agri-food
applications. High-throughput sequencing
technologies now produce billions of bas-
es of nucleotide data per experiment, at a
low cost. There are now more opportuni-
ties to cross-fertilise different omics plat-
forms, data sets and informatics. Imaging
technology is producing vast amounts of
data revealing life in unprecedented detail.
Structural investigation technologies are
also accumulating data at a rate in excess
of Moore's law. Cloud computing is estimat-
ed to reach a total cumulative gain of 940
billion € in the period 2015-2020. The life
science sector is an intensive user of High
Performance Computing and it is expected
this will increase further?®293° The data
and knowledge generated are contribut-
ing to extend the boundaries of frontier and
applied research, and to respond to the
Health & Food challenges. This willincrease
opportunities for all stakeholders to be part
of the landscape and build competencies,
regardless of whether they have the Rl in
their own country.

ESFRI Health & Food RIs are at the heart of
realising the data revolution, by providing
pan-European access to the specialised re-
search services and data, suitably open for
innovation by industry. A growing number of
European and National Rls and projects are
established following the EC recommenda-
tion on access to and preservation of sci-
entific information®*. Some e-Infrastructure
projects - i.e. OpenAire - offer infrastructure
for researchers to support them in comply-
ing with the EC Open Access pilot and the
28

Biology: The big challenges of big data. Marx, V. Nature
498, 255-260, 2013

29:
Quantitative Estimates of the Demand for Cloud
Computing in Europe and the Likely Barriers to Uptake,
2012
http://ec.europa.eu/information_society/newsroom/cf/
dae/document.cfm?doc_id=1115

30-
e-IRG White Papers, 2014
http://e-irg.eu/white-papers

31
Commission Recommendation, 2012
https:/bitly/20rxYvB

ERC Guidelines on Open Access. The Eu-
ropean Charter for Access to RIs®? sets out
non-regulatory principles and guidelines for
defining access policies for RIs. The Charter
promotes interaction with a wide range of
social and economic activities, including in-
dustry and public services, to maximise the
return on investment in RIs and to drive in-
novation, competitiveness and efficiency. A
number of e-RI projects address Data Man-
agement Policy in coordination and synergy
with Health & Food RIs*3, e.g. BioMedBridg-
es Charter for Data Sharing#, or in the ERIC
process. FAIRDOM35 is an internationally
sustained service to manage project data
from instrument to publication since 2008.
Establishing good data and model man-
agement practices ensures that data and
models are findable, accessible, interop-
erable and reusable (FAIR). The high-level
FAIR Guiding Princi|oles36 were established
to precede implementation choices, and do
not suggest any specific technology, stan-
dard, or implementation-solution. They act
as a guide to data publishers and stewards
to assist them in evaluating whether their
particular implementation choices are ren-
dering their digital research artefacts Find-
able, Accessible, Interoperable, and Reus-
able. It is anticipated that these high level
principles will enable a broad range of inte-
grative and exploratory behaviours, based
on a wide range of technology choices and
implementations. Indeed, many reposito-
ries are already implementing various as-
pects of FAIR using a variety of technology
choices. ESFRI Health & Food Rls are play-
ing a key role in the promotion and imple-
mentation of these principles. In addition,

32.
European Charter for Access to Rls, 2015
https.//ec.europa.eu/research/infrastructures/pdf/2016_
charterforaccessto-ris.pdf

33.
Towards coordination of international support of core data
resources for the life sciences. Anderson et al., 2017

https.//www.biorxiv.org/content/early/2017/04/27/110825

34,
BioMedBridges, Principles of data management and
sharing at European Rls. 2014
https.//zenodo.org/record/8304/files/BioMedBridges-
principles-of-data-management-and-sharing-at-Rls_.pdf

35.
FAIRDOM
https./www.fairdomhub.org/

36.
The FAIR Guiding Principles for scientific data
management and stewardship

https.7www.nature.com/articles/sdata201618
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life sciences research relies extensively
upon a set of core resources that archive,
curate, integrate, analyse, and enable ready
access to data, information, and knowl-
edge generated worldwide by hundreds of
thousands of researchers. The sustainability
of core data resources is being discussed
internationally, with the ESFRI Landmark
ELIXIR playing a key role®’.

The FP7 BioMedBridges and the H2020
CORBEL projects represent a success-
ful joint effort of Health & Food RIs to
develop common  approaches and
standards for data integration in the bi-
ological, medical, translational and clin-
ical domains. The ESFRI Landmark
INSTRUCT ERIC has developed ARIA, a
platform for harmonised user access to bi-
ological and medical technologies, biolog-
ical samples and data services required by
cutting-edge research. Within CORBEL, the
ARIA platform has been further optimised
for integrated access to multiple Ris. The
current global research data landscape is
highly fragmented, by disciplines or by do-
mains, from oceanography, life sciences
and health, to agriculture, space and cli-
mate. Health & Food RI experts participate
actively in the Research Data Alliance®®,
a high profile international initiative - over
2500 membership from Q2 countries -
aiming at building the social and technical
bridges across these areas that enable
open sharing of data. Health & Food RIs
are also contributing to shape the Europe-
an Open Science Cloud (EOSC), an EC-led
initiative aiming at interconnecting existing
Research Infrastructures to offer European
researchers and professionals a virtual en-
vironment to store, share and re-use their
data across disciplines and borders. EOSC
will be underpinned by the European Data
Infrastructure, deploying the high-band-
width networks, large scale storage facili-

37.
Data management: A global coalition to sustain core data
https.7www.nature.com/articles/543179a.

38.
The Research Data Alliance is supported by The
Australian Commonwealth Government through the
Australian National Data Service supported by the
National Collaborative Research Infrastructure Strategy
Program and the Education Investment Fund (EIF) Super
Science Initiative, the European Commission through the
RDA Europe project funded under the 7th Framework
Program and the United States of America through

the RDA/US activity funded by the National Science
Foundation and other U.S. agencies
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ties and super-computer capacity neces-
sary to effectively access and process large
datasets stored in the cloud. The ESFRI
Landmarks ELIXIR, ECRIN ERIC, INSTRUCT
ERIC and BBMRI ERIC are participating
actively in EOSC Pilot. The EOSC's Stake-
holder Forum in November 2017 attracted
all Health & Food RIs to help define EOSC
future. A group of EU member states is
preparing the GO FAIR initiative, which is a
proposal for the practicalimplementation of
the EOSC initiated in the life sciences do-
main by the ELIXIR node DTL in The Neth-
erlands among others. The current H2020
WP2018-20 for 