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In the context of developing Research Infrastructures of
European interest, the Council of the European Union
welcomes the development of a strategic roadmap for
Europe in the field of Research Infrastructures and the role
of the European Strategy Forum for Research Infrastructures
(ESFRI) in this context.

This roadmap should describe the scientific needs for Research
Infrastructures for the next 10-20 years, on the basis of a
methodology recognised by all stakeholders, and take into
account input from relevant inter-governmental research
organisations as well as the industrial community.

The Council stresses that this roadmap should identify vital new
European Research Infrastructures of different size and scope,
including medium-sized infrastructures and those in the fields
of humanities and bio-informatics, such as electronic archiving
systems for scientific publications and databases.

Extract from the Competitiveness Council Conclusions,
25 - 26 November, 2004.






Dear Ministers,
Dear Commissioner,

In 2002 you set up ESFRI, the European Strategy Forum for Research Infrastructures, as the body where your senior representatives meet
for informal consultations on strategic issues related to Research Infrastructures. During the second semester of 2004, you called for the
development of a European roadmap for the construction of the next generation of large-scale Research Infrastructures and requested ESFRI
to establish this roadmap in close collaboration with the European Commission.

ESFRIis very proud to present the first European roadmap for new, large-scale Research Infrastructures, based on an international peer-review, which was
adopted by ESFRI at its meeting of 28 — 29 September, 2006. In the annex to this letter you will find the actual roadmap, which includes a short description
of each of the projects and an estimation for the construction costs. Some are evolving projects while others need firm financial commitments from the
start. The role of ESFRI in fostering incubation and stimulation will be exercised to bring as many of these projects to a point where decisions by ministers
are possible. This requires in the first place discussions and decisions at national level in particular as regards the lead role one country or several countries
may wish to take for certain projects. These reflections might encourage the development of national roadmaps and the earmarking of dedicated national
budgets for the construction of Research Infrastructures with a European/international dimension, which ESFRI would welcome.

As said above, ESFRI is willing to continue its role (as indicated in the ESFRI charter) as incubator for the decision-making (and negotiating) process for the
projects of the roadmap. For this reason it invites you to investigate whether you could instruct your ESFRI delegates to participate in exploratory discussions
about the realisation of some of the proposed projects. ESFRI also welcomes the active role which the European Commission intends to play in this context
under the Seventh Framework Programme (FP7).

The European roadmap is the result of two years of intensive work, a period during which a number of other points arose, which | would like to bring to your
attention.

The European roadmap is a first exercise at European level and is the result of wide stakeholder consultation. It is the intention of ESFRI to update the
document as of next year to allow it to be improved and integrate new ideas where and when appropriate.

Almost 1000 high-level experts from all fields of research were involved and consulted in the process of preparing the roadmap, of which 200 were
involved in the peer-review. Their input was of crucial importance to give the end product credibility and quality.

The roadmap covers a very broad spectrum of scientific fields. However, it has become apparent that not all fields of science are equally well structured
and organised. Therefore, the communities that are less well structured should be stimulated to integrate further and be more proactive at European
level so that they can become more effective in the future.

Research Infrastructures are one of the crucial pillars of the European Research Area, in particular for capacity building.

The members of ESFRI would like to draw your attention to the field of energy. Given the importance of this topic, policy-makers and the science
community are called upon to develop clear ambitions in this area. ESFRI is willing to contribute to this.

Although not covered explicitly in the roadmap, there is an underlying concern about the numbers and quality of well-trained young researchers who
will be available to ensure that Europe continues to play a leading role in a number of projects covered by the roadmap. Commitment to leading Research
Infrastructures for the long term will help highly qualified young people see that there is an exciting future if they pursue a research career.

Many of the projects plan for a lifespan of several decades. It is essential that, from the start, thought is given to the sustainability of funding over the
full lifetime of a project and not just the capital spending.

Several of the projects on the roadmap are of a scale and scope that requires a global approach. For this reason, ESFRI will enter into a dialogue with the
OECD Global Science Forum, to allow for the identification, planning, discussion and monitoring of such projects.

During the preparation of the roadmap, ESFRI had several and effective interactions with Intergovernmental Organisations (such as CERN and ESA).
Consequently, in this first edition of the roadmap, ESFRI has not detailed space-based and particle physics Research Infrastructures which are dealt with
in ESA and CERN Council documents respectively..

We look forward to a constructive dialogue with you on the roadmap as well as on the specific actions which are required as a result of it.

.
yJa

John Wood
ESFRI Chair



First possible

Indicative

Projects Estimated Construction operations for Operational/
(in alphabetical order per discipline) Cost (M€) * P Deployment
users
Cost (M€/year)
CESSDA 30 2008 6
CLARIN 108 2008 10
Social Sciences DARIAH 10 2008 4
& Humanities EROHS 8 2008 12
ESS : European Social Survey 9 2007 9
SHARE 50 2007 <1
AURORA BOREALIS 360 2010 18
EMSO 150 2011 20
EUFAR 50-100 2007 2-4
Ervironmental EURO ARGO (GLOBAL) 76 2010 6
Sciences
IAGOS-ERI (GLOBAL) 20 2008 6
1COS (GLOBAL) 255 2010 13
LIFE WATCH 2014 70
HIPER 2015 80
Energy IFMIF (GLOBAL) 2017 80
JHR 2014 30
EATRIS 255 2010 50
8 ‘ European Bio-banking and Biomolecular Resources 170 2009 15
Biomedical and INFRAFRONTIER 320 2007 36
Life Sciences Infrastructure for Clinical Trials and Biotherapy Facilities 36 2007 5
Integrated Structural Biology Infrastructure 300 2007 25
Upgrade of European Bio-Informatics Infrastructure 550 2007 7
ELI 150 2013 6
ESRF Upgrade 230 2007-2014 NA
ESS: The European Spallation Source 2017 80
Matemal European XFEL 2013 84
Sciences
ILL 20/20 160 2012-2017 NA
IRUVX-FEL 2006-2015 70
PRINS 2008-2013 256
ELT: The European Extremely Large Telescope 2018 40
Astronomy, FAIR 2014 120
Astrophysics,
Nuclear KM3NET 220-250 2015 NYD
and Particle SKA: The Square Kilometre Array (GLOBAL) 2014-2020 100
Physics **
SPIRAL2 137 2011 7
cCDT EU-HPC 200-400 2008 100-200

NYD = not yet defined
NA = not applicable - already covered within the current budget
(DT = Computer and Data Treatment



Description

Facility to provide and facilitate access of researchers to high quality data for social sciences

Research Infrastructure to make language resources and technology available and useful to scholars of all disciplines
Digital infrastructure to study the sources in cultural heritage institutions

Central and distributed facility to promote and ensure cooperation and integration of data, technologies and policies
Upgrade of the European Social Survey (set up in 2001 to monitor long term changes in social values)

Data infrastructure for empiric economic and social science analysis of the on-going changes due to population ageing

European Polar Research Icebreaker

Multidisciplinary Seafloor Observatory (5 sites)

Long Range Tropospheric Aircraft (options: C130 or Airbus 400M)

Ocean Observing buoy system (deployment over 12 years)

Climate Change Observation from 20 commercial aircrafts (deployment)
Integrated Carbon Observation System (deployment/operation over 20 years)

Infrastructure for research on the protection, management and sustainable use of biodiversity

High Power long pulse Laser for “fast-ignition” Fusion
International Fusion Materials Irradiation Facility

High flux reactor for Fission Reactors Materials Testing

Network of new research centres to translate basic discoveries into clinical interventions in major diseases

Network of existing and new biobanks (samples and data from patients and healthy persons) and molecular resources
Distributed infrastructure for the archiving and phenotyping of mice as models for studying human diseases

Network of clinical research centres, clinical trials and biotherapy facilities for therapeutic innovations

Network of centres for integrated structural biology (protein production, NMR, crystallography, microscopy)

Shared platform for data resources in the Life Sciences (based on a major upgrade of EBI)

Extreme Light intensity short pulse Laser

Upgrade of the European Synchrotron Radiation Facility (in 7 years)

European Spallation Source for neutron spectroscopy

Hard X-ray Free Electron Laser in Hamburg

Upgrade of European Neutron Spectroscopy Facility (in 2 phases)

Infrared to soft X-rays complementary Free Electron Lasers (in 5 users facilities)

Paneuropean Infrastructure for Nanostructures and Nanoelectronics

European Extremely Large optical telescope

Facility for Antiproton and lon Research

Underwater Neutrino Observatory (in design phase)
Square Kilometer Radiotelescope Array (in two phases)

Production and study of rare isotope Radioactive beams (toward the future facility EURISOL)

Integrated European High Power Computing Service (2 - 4 high-end centers)

* For several projects the cost indicated will still need further review on the basis of more detailed technical and financial studies to be carried out
** Proposals related to particle physics and space science can be found under the CERN and ESA respective websites



Europe has a long-standing tradition of excellence in research and
innovation, and European teams continue to lead progress in many
fields of science and technology. However our centres of excellence often
fail to reach critical mass in the absence of adequate networking and
cooperation. There is therefore a need to bring resources together and
build a research and innovation area equivalent to the “common market”
for goods and services.

As a result ESFRI was asked to develop a truly long term European view
on the development of Research Infrastructures of pan-European interest
and thus contribute to achieving the knowledge growth as set out in
the Lishon strategy. For several months, ESFRI worked on developing its
incubator and stimulation role, and has identified key projects through a
large consultation.

All projects included in the roadmap are of pan-European interest and of
scientific excellence. They will however have reached different degrees
of maturity from technical aspects to institutional development, from
the organisation of user communities to financial commitments. We
are not indicating these maturities in a comparative form, because this
was considered to be fraught with problems especially as several funders
with differing national priorities will be involved. An assessment of
maturity cannot be an indication of any form of priority, given that many
of the projects have up to 20 years to mature, while others can progress
relatively quickly.

Almost 1,000 high-level experts from all fields of research were involved
and consulted in the process of preparing the roadmap. Their input was
key to give the end product credibility and quality. There is no doubt that
starting from scratch to produce it in two years has been a formidable
task and every attempt has been made to make the exercise transparent
and fair.

Itis becoming increasingly important to plan future large scale Research
Infrastructures on timescales approaching one or two decades.

Several national roadmaps mapping out their aspirations on a 10-20 year
timescale have been produced or are in the process of being produced
by individual countries in Europe and around the world. However since
many of the anticipated infrastructures will be funded and managed as
truly European facilities, ESFRI took the initiative to propose a synthesis
to be put at the disposal of the various decision-makers.

Research Infrastructures of pan-European relevance provide unique
opportunities for world-class research and training as well as to
stimulate knowledge and technology transfer, in brief for European
capacity building.

Several of the projects on the roadmap are of a scale and scope that
requiresa global approach. For this reason, ESFRI will enterinto a dialogue
with the OECD Global Science Forum, to allow for the identification,
planning, discussion and monitoring of such projects.



Inevitably this first attempt may be imperfect, since methodologies for
assessing major scale infrastructures differ for different fields and in
general there is not yet an established common approach for creating
such a roadmap. Some rules of engagement had to be decided during
the process, and some important fields have not yet been fully engaged.
If nothing else, this roadmap shows that the research community is not
short of ideas that will open up new and unexpected areas of knowledge.
If all the projects described are realised fully or in part, they will clearly
add to European integration and inspire future generations to work
together for the benefit of society, helping Europe to remain a major
player in the international research arena.

Also, it has become apparent that some fields of research should be
stimulated for further integration and be more proactive at European
level so that they can become more effective in the future.

Now that the first European roadmap for new large-scale Research
Infrastructures is ready, ESFRI hopes that the target audience of the
roadmap, policy-makers, funders, industry and society, will in a common
effort, translate the projects into concrete actions. It welcomes the active
role which the European Commission intends to play under the Seventh
Framework Programme. At the same time ESFRI will take stock of the
lessons learnt to be ready for the preparation of an early update of the
roadmap.

ESFRI will be involved in a number of events following the publication of
the roadmap to disseminate it to as many key stakeholders as possible.
ESFRI encourages constructive debate. Therefore such comments and
suggestions on how the roadmap could be improved for decision-makers
in the future are warmly welcomed. These should be communicated
through the national ESFRI delegates who will ensure that the comments
represent the views of their respective state.
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Being wz’ffiny is not c’nauﬂﬁ;
we must do.

(1452 - 1519)

Despite the fact that the XXI century has begun with
extraordinary technological and scientific breakthroughs
occurring almost daily, Europe still faces significant obstacles if
it is to fully realise the benefits of the European Research Area
and its instruments as they contribute to the quality of life and
wealth creation in the future.

Society faces many future challenges. These include global warming,
energy production, water supplies, a sustainable environment, the
threat of terrorism, quality of life for an ageing population, in addition to
social issues such as the continuing divide between rich and poor which
can lead to instabilities in society. Research Infrastructures are one key
instrument in bringing together a wide diversity of stakeholders to look
for solutions to many of the above-mentioned problems. They can be
seen as a focal point for such interactions, in addition to inspiring new
research ideas and attracting young enquiring minds.

In October 2005, at the Hampton Court informal meeting, Heads of
State called for urgent action to achieve world-class excellence in both
research and education.

Europe should therefore not only develop the three corners of the
knowledge triangle (innovation, education, research), but also complete
this picture by reinforcing the links between the main actors (people,
academia, industry), obtaining a strong knowledge “diamond’, where
Research Infrastructures are at the centre and act as the natural bridge
between the different corners. Since activities in these facilities and
related networks lie at the frontiers of science, they stimulate the interest
of young people to embrace scientific careers. The need to strengthen
the quality of European research, innovation and education systems is
further documented in the Commission’s Annual Progress Report on the
Strategy for Growth and Jobs.'

1. http://ec.europa.eu/growthandjobs/annual-report_en.htm

“ Universities
i

Innovation

People “
Nl

Research Infrastructures provide unique opportunities to train skilled
people while stimulating knowledge and technology transfer. They will
contribute substantially to attracting and training more than 400,000
young scientists which Europe needs to reach 3% of GDP investment in
research.

Research Infrastructures have the ability to create rich research
environments and attract researchers from different countries,
regions and disciplines. Thousands of researchers and their students
from universities, research institutes or industry, from Europe and
outside Europe, use Research Infrastructures each year. About 55% are
researchers from universities, 20% are from public laboratories, and 20%
are from non-European research institutions, while 5% are from industry.

Another contribution to capacity building is related to the fact that about
15% of the institutional researchers use the facilities in collaboration
with industry, and that the construction and maintenance of facilities
creates important supply and demand effects. Such innovation capacities
can be seen through the public-private mobility of researchers and the
new technologies applied in building top-level research installations or
spin-off products and/or start up companies.

The benefit of cross-disciplinary and institutional collaboration lies in
creating catalytic effects and the personal interactions of researchers
coming from different countries, disciplines and work places are an
essential asset.

Research Infrastructures clearly stimulate industrial impacts.
Pan-European Research facilities play an outstanding role in building the
interface between science and industry. They also contribute to many
other socio-economicimpacts. The landscape of Europe shows that, where
pan-European Research Infrastructures have their site, often “technology
clusters” of associated industry or so-called technology parks can be
found. Such strategic centres for transfer of knowledge offer either better
possibilities for interdisciplinary research contacts or greater attraction
to high-tech firms. As a result, this can be an opportunity to increase the

public-private interaction also in the funding of research activities.
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(1932 -)

A vision of new Research Infrastructures arises from an
assessment of the fundamental challenges facing Europe and of
the unprecedented developments and opportunities in science.

New Research Infrastructures are required to monitor and predict
such changes, and to help develop new sustainable production and
consumption schemes. In addition some research questions can only be
answered by a European and global response.

This century can be described as the “century of complex systems”. Life
sciences are undergoing a profound transformation, triggered by the
recombinant DNA revolution and fuelled by advances in high-throughput
analytical techniques such as genomics and proteomics. A pan-European
capacity to generate and handle the volumes of information needed in the
life sciences and to translate this information into effective interventions
is needed if the benefits for human health are to be realised.

Discoveries in astronomy concerning the nature of dark energy or the
emergence and evolution of the first stars and galaxies have generated
a need for more complicated and expensive research instruments than
ever before. Nuclear physics has been revolutionised by the recent ability
to enhanced acceleration beams. The next generation of infrastructure at
the cutting edge of nuclear physics and astronomy makes it necessary to
pool both intellectual and financial resources.

If EU industry is to compete in an increasingly globalised world, it must
lead in high tech production. It must assimilate new “hybrid”technologies
such as nano-sciences, bio- or information technologies. This requires
pan-European collaborations to succeed and to get access to high quality
international Research Infrastructures. In many cases researchers from a
wide range of backgrounds meet around such facilities and this meeting
of minds is a rich ground for spawning new areas of interest and looking
at problems in a new way leading to new insights.

This century will be marked by our ability to look at complex and
interacting systems (e.g. environment, energy and human behaviour)
requiring expertise from many disciplines to solve. Experimental methods
and analysis will be keenly aligned with real-time computer simulations
that will refine their models and set new experimental parameters
significantly faster than can be obtained by direct human interaction.

The strength and international visibility of Europe is strongly enhanced
by a number of world class Research Infrastructures, developed thanks
to specific international initiatives, started earlier than the creation of
the EU, in the fields of Particle Physics, Molecular Biology, Astronomy
and Space, as well as in Materials Sciences or Biology and in Fusion
research'.

Progress comgsjifom the di versity

In addition, most of the large Research Infrastructures now operating
with open access in Europe have been built and are mainly funded by
single countries. They are “national”in financial terms, but pan-European
in scientific terms. They act, in fact, as“Agencies”increasingly transferring
resources between Member States, in the form of services given to
European researchers?.

However, today the EU risks losing its international leadership in several
fields because many of the critical facilities are nearing the end of their
useful life, as shown by a recent survey. Moreover the costs of many
envisaged new facilities, or their major upgrade, cannot be met by
individual countries as in the past.

The survey gives Member States an overview of what different research
communities see as desirable for making progress their areas. By looking
at the whole roadmap and assessing it within an international context,
decision-makers can work jointly to plan and realise future investments
in a timely and coherent way.

New facilities thus afford the opportunity to aid European integration.

The development of a common policy for access to and the provision of
new and improved Research Infrastructures gives equal opportunities to
all Member States, including those without large research capacities®.

Member States and the European Commission recognised the need for a
strategic approach and therefore formed the European Strategy Forum
on Research Infrastructures (ESFRI) in 2002. Its objectives are to support
a coherent and strategy-led approach to policy making and to facilitate
multilateral initiatives leading to the better development, construction
and use of major research facilities.

ESFRI has initiated several actions, and, in particular, with a mandate
from the EU Council, worked for the past two years to prepare the present
first edition of the roadmap to provide an overview of the needs for
infrastructures of pan-European interest for the next 10 to 20 years.

The roadmap is not a priority list. Its aim is to facilitate discussion and
allow for coherent planning. It will also stimulate other groups to look
at pan-European initiatives of a similar nature that might be added in
future editions.

All projects included in the roadmap have had to have a strong scientific
case first and foremost. They may have different degrees of maturity in
terms of institutional or financial perspectives but their inclusion in this
report implies that they are supported by at least one European Member
State and have great potential at pan-European level.

. CERN, EMBL, ESO, ESA, ESRF, ILL, EFDA: these are represented through EIROforum
www.eiroforum.org

~

. See the recent constitution of ERF European association of national Research Facilities.

w

. Researchers can participate in international projects e.g. through trans-national access, and have the
opportunity to interact at i ional level, transferring their acquired k ige back to their own
countries.
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Which Research Infrastructures

are considered?’

Had we a ffﬂ[é’ 1o stand upon,
we might raise the world.

Archimedes (287 - 212 BC)

In the roadmap, we deal with facilities, resources or services
of a unique nature that have been identified by pan-European
research communities to conduct top-level activities in all fields.

This definition of Research Infrastructures, including the associated
human resources, covers major equipment or sets of instruments, as
well as knowledge-containing resources such as collections, archives and
databases. Research Infrastructures may be “single-sited”, “distributed”,
or“virtual” (the service being provided electronically). They often require
structured information systems related to data management, enabling
information and communication. These include technology-based
infrastructures such as grid, computing, software and middleware.

In all cases considered for the roadmap, these infrastructures must apply
an “Open Access” policy for basic research, i.e. be apen to all interested
researchers, based on open competition and selection of the proposals
evaluated on their sole scientific excellence by international peer-review.

In most cases the effort and resources required to build these
infrastructures, and to make them available as a service to the general
pan-European user community, are well beyond those available to
single institutions or even countries. Therefore there is the need for an
international approach including the prerequisite to ensure long term
sustainability of open access, at no cost to the researcher.

The importance of pan-European infrastructures is well established in
areas such as fusion energy, space or particle physics. Today, it is rapidly
increasing in other areas, which, until now, were mainly supported by
national institutions. For example, light and neutron sources, databases
for genomics or social sciences, observation networks for environmental
sciences, centres for development of new materials or nano-electronics,
are now at the core of world-level research.

Inallthesefields, the projects consideredin the roadmap are characterised
by quite high costs (compared to the normal research costs of a particular
discipline) for construction and operation. They also need a long lead
time and extensive expertise to be developed, as well as a sustainable
institutional frame to be open to and used by the largest interested
community of scientists work and customer industries.

Disciplines like astronomy or space sciences can be important on a global
level to foster technological advancement and attract the young to further
education and to pursuing an academic career.



The global
dimension

This is the pfm‘y j every man

as he received from it.

Albert Einstein (1871 - 1955)

Research is without borders, and it is the scientist’s everyday
experience to forge working collaborations with peers anywhere
in the world, even against political and social constraints.

As the frontiers of research are pushed back, research facilities are
increasingly becoming more complex and more expensive, to the point
where a single government or indeed a single continent cannot find
within itself the financial resources for their realisation. The construction
and management of new Research Infrastructures thus becomes a global
endeavour. Aligning funding cycles and priorities, setting up governance
structures, preserving “open access” based on excellence, concluding
political negotiations on site selection, are just a few of the challenges
that policy-makers face due to the emergence of global Research
Infrastructures.

Many scientific fields address questions on a global scale and need
institutional arrangements and extended infrastructures able to provide
the long term continuity that their fields require.

In Europe, and in other parts of the world, governments have, during
the last few years, taken initiatives to create roadmaps for their Research
Infrastructures. In ESFRI, it has been important to bring together people
representing their different national initiatives to see if they can pave
the way, together and on a more global scale, for the best possible
infrastructure surroundings for the research community.

In December 2005, ESFRI invited representatives from the US, Japan,
Australia and South Africa to participate in the European Research
Infrastructures Conference in Nottingham, UK. Those representatives
presented their respective national roadmaps and debated with ESFRI the
possible ways to cooperate.

Global projects continue to emerge, for example in the field of high
energy physics with the International Linear Collider, in the field of
radio-astronomy with the SKA project!, as well as in the fields of
translational medical research, bioinformatics, functional genomics,
environment, biodiversity, marine sciences, clinical trials, cultural
heritage, etc. This has been taken into account in developing this
roadmap.

Fields of research like the earth or social sciences need, by definition, to
be conducted on a global scale, thus needing institutional arrangements
and extended infrastructures capable of giving the longer term continuity
that these research fields require.

1. Seein the project list.

10 give back to the world as much

ITER is the experimental step between today’s studies of plasma physics and
tomorrow’s electricity-producing fusion power plants. It is an international
project involving the People’s Republic of China, the European Union and
Switzerland, India, Japan, the Republic of South Korea, the Russian Federation,
and the United States of America, under the auspices of the JAEA.

Research Infrastructures of a global nature are needed to support
the international collaborative activities of researchers, including
standardisation and integration of data collected in different countries,