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The Research Infrastructure paradigm



The evolutions of the Research Infrastructure paradigm: 
Data, Advanced Digitalization Artificial Intelligence 

Algorithms, Virtual Access 

ADVANCED DIGITALIZATION IS IMPACTING THE RESEARCH INFRASTRUCTURE PARADIGM

The European Open Science Cloud – EOSC – is setting up a new space for the research data that is meant to increase 
collaboration, sharing of results, quality and reproducibility checks, and to support OPEN SCIENCE as the NEW NORMAL.
Opennes of RI is a reference basis, as the access based solely on merit of proposals has createdd a culture of COMMONS in 
the research communities.  Access to the data generated by the RIs will be made universal by the EOSC, i.e. not limited to 
the certified/selected users.  
This imposed the RIs to generate FAIR (Findeable, Accessible, Interopeable, Reusable) data-sets, complete with all the 
metadata that in the current practice remain mostly with the users.  The concept of FAIR-by-design has therefore arisen 
implying automation of metadata collection which is a technological as well as philosophical challenge.   
In fact the quality-assessed (QA) FAIR datasets will also be the key element for the training of Artifical Intelligence Algorithms 
(AIA) as a reliable instrument to help analysis and design of NEW experiments, most efficient use of access to RIs and 
ultimalìtely more and potentially better science ot be delivered by RIs, perhaps wiith Automated Research Workflows (ARW).
Indeed the main users of the EOSC data will soon be the AIA and the users will formulate advaced analysis and reference 
querys to support their work, both experimental, statistical and theoretical.   This change of paradigm need to be taken into
account at all stages of the RI lifecycle and define at the same time a FAIR-data lifecycle and a GREEN approach.



1. THE EVOLUTION IN TIME OF ESFRI PROJECTS AND ESFRI 

LANDMARK

2. THE NEEDS AND TARGETS OF THE IMPLEMENTATION PHASE

ARE UNDERSTOOD AS A SEQUENCE OF PHASES FROM THE

CONCEPT TO OPERATION AND TO TERMINATION

THE ESFRI LYFECYCLE APPROACH
FROM PROJECTS TO LANDMARKS
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e.g. Astronomy Roadmap



The CONCEPT of a new RI typically emerges bottom-up from the scientific communities clustering around well-

identified scientific needs and goals. Such a concept can originate from completely novel approaches to answer 

scientific questions or to respond to the need of enhanced capacity at pan-European level as well as from new 

insights in existing RI – e.g. resulting in a plan for major upgrade or merger.

The DESIGN covers the proof of the scientific 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 consortium. The feasibility study can be carried out with institutional, national or international support –

e.g. Framework Programme (FP) Design Study grants. The design also includes an initial analysis of its position in 

the RI landscape, 

e-Infrastructure requirements and (open)-data management and policy in compliance with EOSC and machine 

actionability of data. Importantly, the RI also foresees the financial and political support from governments and 

funding agencies necessary for the Preparatory Phase which must demonstrate full compliance with the Digital and 

Green Transition.

The PREPARATION – carried out at institutional, national, European or international level – is directed towards 

developing the RI as a fully-fledged organisation. Completion of preparation for the RIs in the Roadmap is often 

carried out through a Preparatory Phase contract under FP resulting in a business plan, a legal entity, an agreed role 

for the RI also in the context of the landscape of existing RIs at European and global level, and secured funding 

safeguarding the financial sustainability for the Implementation Phase and extending also for the Operation Phase. 

Site selection can be a critical issue in case of international competition for hosting the headquarters and plants. 

Some projects face a gap of funding between the end of their Preparatory Phase contract and the final decisions for 

implementation – legal, funding and construction – which can lead to the establishment of ad hoc interim legal 

entities and governance to assure appropriate funding to complete the preparation and start construction.







The IMPLEMENTATION is different for single-sited and distributed RIs. In the first case it corresponds to an intense 

investment period of several years for construction 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-skilling of the population, increased demand

on high level services – schools, communication, financial services for international employees – and joint 

development of novel technologies that remain as a competitiveness legacy to the procuring firms.

In case of distributed RIs, 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 RIs. Nevertheless, in several cases distributed RIs have been quite 

efficient at establishing their legal entities and launching services to the user community.

During their OPERATION, RIs produce frontier research and deliver advanced services for excellent science 

satisfying the users’ demand, boosting brain circulation of early career scientists and trainees, therefore improving 

the ranking of their academic and research institutions. 

RIs are unique high-quality FAIR data producers and can play a central role in the EOSC Federation, generating 

universal services benefiting open science beyond their reference community.

RIs can create spin-offs and start-ups and attract corporate partners generating a high potential for innovation. The 

operational costs of RIs range from 8 to 12% of the initial capital investment per year. A twenty-year operation cycle 

may develop before major upgrades, requiring new substantial capital investment, are needed. The upgrade cycles 

in case of HPC and e-Infrastructures are typically much shorter.





The European and global research context is a reference for the 
lifecycle analysis
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Neutrons in Europe in 2025

XX ESS 



… Its origins go back to at least 1993, when the European
Neutron Scattering Association…

In 2003, a technical design concept was approved, which
was followed by a lengthy host nation and site
selection process.

In May 2009, Lund, Sweden, was announced as the facility’s 
home, and construction broke ground in September 2014.
First experiments expected in 2027

From a scientific point of view, the ESS
is a no-brainer.

In addition to the spallation site in Lund, a dedicated Data 
Management and Software Centre was established 
headquartered at the Danish Technical University campus in 
Lyngby, Denmark.

Planning big science infrastructure in Europe takes a long time 
indeed. But when done well, new standards are set, and the 
wait is worth it.
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Requested 175B€ with respect to 89B€ (we will see the outcome)

Co-funding of TA as general goal of EC

Enhance access to RI by mission-oriented and applied research (deep-tech)

Filling gap w/r Technology Infrastructure

Reducing number of beneficiaries and promote "self-organization" of research
communities also by using service contracts. 

Integrating EOSC and RIs:  RIs as providers of research data, with community quality control 

RIs as beneficiaries of EOSC services (archiving metadata, curating, data analysis tools, AI standards and tools)

Build-up of the EOSC Federation with thematic and national nodes (13 candidate nodes up to now, goal 100)

http://www.nffa.eu
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ET was discussed as GRI at:

GSO-11 in Livingstone-USA
(LIGO site) 2018 

GSO-13 in Roscoff-France
2019

GSO-17 Vancouver-Canada
2025



GEO, Hannover, 600 m

aLIGO Livingston, 4 km

AdV, Cascina, 3 km

aLIGO Hanford, 4 km

2015
2017

~2019

~2025

LIGO Scientific Collaboration:
• 1263 collaborators (including GEO)
• 20 countries
• 9 computing centres
• ~1.5 G$ of total investment

Virgo Collaboration:
• 343 collaborators 
• 6 countries
• 6 computing centres
• ~0.42 G€ of total investment
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KAGRA Collaboration:
• 260 collaborators 
• 12 countries
• 5 computing centres
• ~16.4 G¥ of construction costs

It will operate as part of the 
LIGO Network and Collaboration

From the presentation by G. Rossi (Italian GSO) @ LIGO-Livingstone GSO-11  (2018) 



The GWD network as GRI 
• The current (2nd Generation) network of GW detectors aims to be a Global 

Infrastructure:
• The relationships between the collaborations are regulated by MOUs that define, for 

the operational detectors:
• Full sharing of scientific data
• Sharing of computing resources
• Joint technological developments
• Joint meetings and reviews
• Collaborative planning
• Open access to science data after a proprietary period
• Open Public Alert of GW events (addressed to Astronomers) 

• But in the medium-long term a deeper integration will be necessary to efficiently 
implement the expected evolution toward the so called 3rd Generation:

• Einstein Telescope (ET) in Europe
• Cosmic Explorer (CE) in US
• A possible third 3G observatory somewhere else or possible other global solution

• A GRI framework could help the evolution of the GWD network

20



Einstein Telescope (ET)
• In 2004 we began thinking about the evolution GWD 

network beyond the advanced (2G) detectors:
• In 2008-2011 the European Commission funded under the 7th

Framework Programme (FP7) the conceptual design of a 3rd

Generation GW observatory: Einstein Telescope
• An underground, cryogenic, 10km long triangular detector 

configuration would be capable of achieving a factor of 10 
increase in sensitivity, allowing the observation of GW signals 
at cosmological distances

• Entered in many sectorial roadmaps ET attracted the interest 
by some EU country governments

• The kick-off meeting of the ET collaboration has been the 19-
20 of April 2018

• ET Letter of intent: 
• http://www.et-gw.eu/index.php/letter-of-intent

• Cost evaluation under refining after the conceptual design 
phase: 1.0-1.5G€ class infrastructure

• Proposed timeline:
• 2021-2022 Site selection
• 2023-2024 Technical design report
• 2025 beginning of the construction
• 2030-2031 beginning of the commissioning phase

21
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2. Large Research Infrastructures
…
We intend to continue strengthening large research infrastructure collaborations and exploring new opportunities 
between G7 members in fields of common interest, including natural and social sciences and the humanities, leveraging 
existing international multilateral research initiatives that can help advance our collective efforts. 
…
We express our unified support to the Group of Senior Officials (GSO) on Global Research Infrastructures (GRIs) in 
advancing and broadening the dialogue on GRIs, also through the identification of innovative practices and the sharing of 
experiences to further strengthen, renew, and connect GRIs.
…
Given the high complexity of managing large research infrastructures, we acknowledge the value of facilitating the pooling 
of experiences and sharing of best practices, while also fostering networking and relationship-building among G7 research 
infrastructure managers. 
…



• That week three events of relevance for the Research Infrastructures will occur in Roma:

• the GSO, the presentation of the ESFRI Roadmap 2026, and the ICRI 2026 Conference 

GSO 18 will meet in Roma, Italy on 

November 30th – December 1st 2026



The Sustainability Issue





The TERMINATION may encompass dissolution of the organisation, dismantling of facilities and related safety 

aspects and resurrection 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-orientation of RI sites has already occurred, e.g. in nuclear research or high-energy physics, where outdated RIs 

have been replaced by e.g. photon science/analytical facilities with new science missions built upon the presence of 

technological infrastructure, logistics, human resources and organisation. 

The permanence of FAIR data archives, and related services, must be addressed in this phase as well.



“EOSC and Research Infrastructures: 
Opportunities and Strategies”

Milano, March 16-17 (noon-to-noon)

Preliminary agenda : EOSC and RIs: opportunities and Strategies 
- agenda

Panel discussions: “Suitable FAIRification of DATA for reliable AI 
services for RIs” and “Integrating EOSC in the Research 
infrastructure service portfolio”

Presentations: ESFRI chair, Tripartite, Life Sciences, CERN, 
Environmental Research, Big Data and Social Mining.

Participants: over 80

ESFRI-EOSC Task Force Workshop

https://www.esfri.eu/esfri-events/esfri-eosc-task-force-policy-workshop-eosc-and-research-infrastructures-opportunities?qt-event=1#qt-event


Placeholder Symposium
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– Florence

Photo by Dico Baskoro on Pexels

Florence, 14 – 16 October 2026

https://www.pexels.com/photo/panoramic-view-of-florence-with-the-santa-maria-del-fiore-cathedral-in-the-center-18101408/

