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Examples of infrastructures: 
• Transport infrastructures

• Roads, Shipping routes, 
Rail and trains, Aviation

• Aqueducts and water 
supplies

• Energy grids
• Telegraph
• Internet and data sharing
• Research Infrastructures

The first transatlantic 
telegraph cables were led in 
the 1850s-1860s, an 
enterprise led by private 
companies yet supported by 
UK and US governments, 
also involving scientists 
(Kelvin, Morse, … ). 

An example of KT and TT?

Infrastructure (in general):
the basic physical and 
organizational structures and 
facilities (e.g. buildings, roads, 
power supplies) needed for 
the operation of a society or 
enterprise.



Summary of the G20 Principles for Quality 
Infrastructure Investment
• Principle 1: Maximizing the positive 

impact of infrastructure to achieve 
sustainable growth and development

• Principle 2: Raising Economic Efficiency in 
View of Life-Cycle Cost

• Principle 3: Integrating Environmental 
Considerations in Infrastructure 
Investments

• Principle 4: Building Resilience against 
Natural Disasters and Other Risks

• Principle 5: Integrating Social 
Considerations in Infrastructure 
Investment

• Principle 6: Strengthening Infrastructure 
Governance

https://doi.org/10.2210/pdb6Y84/pdb

https://oecd-development-
matters.org/2022/11/07/w
hy-do-we-need-to-invest-
in-quality-infrastructure/

www.worldbank.org/en/programs/quality-
infrastructure-investment-partnership/qii-principles

https://doi.org/10.2210/pdb6Y84/pdb


• 1961 (Oxford) no entry;
• 1971 (D.O.) Support to air traffic…
• 1985 (Larousse) foundation of 

streets, support to army…
• 1987 (D.O.) support to economics 

(routes, rails) or to cities (schools, 
gardens, sewers)…
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1970s



• “Big Science” and “Research 
Infrastructures” are partly-
overlapping and broad terms

• A narrow interpretation of Big 
Science (capitalized) 
corresponds to “science made 
big in three dimensions: big 
organizations, big machines, 
and big politics”

• A narrow interpretation of 
“Research Infrastructures” 
(capitalized) refers more to the 
European research landscape, 
regulation, and policymaking.



Big Science in the Cold War
• Accelerators, reactors and space 

programmes on both sides of the Iron 
Curtain to demonstrate technological 
and military superiority (dual research)

• In Europe, need for cooperation and 
peace (CERN, ESO, ILL, ESRF)

• Science required larger scale 
infrastructures, from Rutherford to 
Lawrence

“The Organization shall have no concern 
with work for military requirements and 

the results of its experimental and 
theoretical work shall be published or 

otherwise made generally available.”



“… an increasing subordination of individual 

scientists under large and bureaucratic 

projects, with a consequential damage to 

academic freedom and individual creativity”

Weinberg, director of Oak Ridge National 
Laboratory, was probably the first to use the term 
“Big Science” (1961), not with a positive 
connotation, while the neutron reactor was 
starting operation as a Research Infrastructure.



Systematic access of external users to neutron reactors 
started in the UK in the 1950s, allocating beamtime to 
academic users.

In 1964 at the UN conference, it was agreed that France and 
Germany would start a project of a shared neutron user 
facility, funded and dedicated entirely for fundamental 
research through user access. 

Example of Scientific 
Diplomacy to foster 

peace and 
collaboration.



Big Science

Transformational 
Big Science

Small Science 
@ Big Machines

Research Infrastructures

A possible evolution of 
the terms, and strategies 
they represent.



Europe à la carte or variable geometry
• CERN (1957) – 20 states
• European Southern Observatory (1962) – 6 

states
• European Space Vehicle Launcher 

Development ELDO (1964) – 6 states and 
European Space Research Organization 
(1964) – 10 states, later ESA

• Institute Laue Langevin (1967) – 2 states
• European Molecular Biology Laboratory 

(1973) – 10 states
• European Synchrotron Radiation Facility 

(1988) – 11 states

https://cds.cern.ch/record/764877



More recent strategies on RIs
• European Research Area – 

ERA (2000)
• European 

Intergovernmental 
Research Organisation 
forum, EIROForum (2002)

• European Strategy Forum 
on Research 
Infrastructures – ESFRI 
(2002)

• ERIC as a new European 
legal organizational form 
(2009)

• European X-ray Free-Electron 
Laser (2009) - 12 states

• European Spallation Source 
ERIC (2009) – 13 states

The primary goal of ESFRI is to prepare and publish a 
RI roadmap to plan the EU investments in Research 
and Innovation.

It works as an interface between the research 
community and policymakers.

The roadmap includes RIs based on scientific 
peer-review & strategic and political importance.



Research infrastructures are facilities that provide 
resources and services for the research communities 
to conduct research and foster innovation in their 
fields.

(EU Definition, one could think something is missing…)

These include
• major equipment or sets of instruments
• knowledge-related facilities such as collections,
• archives or scientific data infrastructures
• computing systems
• communication networks



Capacity vs Capability



The EU budget for 
Research

The total Gross National 
Income of the EU: 
18.000.000.000.000 € (T€)

The yearly budget of EU: 
about 180 G€

The Multiannual Financial 
Framework programme, 
also including Next 
Generation EU: 
about 1.8 T€

The overall budget 2021-
2027 for Horizon Europe 
(Research and 
Innovation): 
about 95 G€



The EU budget for Ris, 
mostly through grants and 
open calls for proposals, 
selected according to 
excellence, impact and 
the quality and efficiency 
of implementation



Transnational access to European Research 
Infrastructures

RIs should find a balance between member 
and non-member access as well as priority, 
excellence-based, and fee-based access. 

Transnational Access (TNA) allows for funds to 
access and travel to a RI in another country.

The EC and MS/AC are invited to make RI 
access costs eligible for an expanded set of 
funding sources, including national funds, 
European structural and investment funds, 
and appropriate EC framework funds (e.g. all 
Pillar 1 and Pillar 2 instruments in Horizon 
Europe). 



In Italy

The National Research Programme 
(PNR) outlines system priorities, 
major research and innovation 
areas, respective areas of 
intervention, and two National Plans.

The  National Plan on Research 
Infrastructures (PNIR) recommends 
the strengthening of access to 
RIs,  their integration within European 
partnerships,  their role for training 
and higher education.



https://www.europarl.europa.eu/RegData/etudes/B
RIE/2021/698847/EPRS_BRI(2021)698847_EN.pdf

M4C2
From Research 

to Innovation 
6 out of 23 G(E)   

INFRASTRUTTURE DI RICERCA 
• Sono impianti, risorse e i relativi servizi. Comprendono laboratori o grandi strumenti 

o complessi di strumenti per la ricerca; collezioni, banche dati, archivi o 
informazioni scientifiche strutturate; infrastrutture basate sulle tecnologie abilitanti 
dell'informazione e della comunicazione

• Sono create per essere fruite da un’utenza ampia, nazionale, europea o globale, 
attraverso accesso aperto su base competitiva



Principles of 

access and 

operations



Provided by the Directorate-General for Research and Innovation

‘Users’ of RIs can be individuals, teams and 
institutions from academia, business, industry 
and public services.

RIs can provide access to machine time; 
computing; software; data; sample preparation; 
archives; collections; the set-up, execution and 
dismantling of experiments; education and 
training; expert support; and analytical services.

RIs define Access Unit as measure specifying the 
Access offered to the Users (hours, days, CPUs, 
etc…)



Provided by the Directorate-General for Research and Innovation

Access policy to regulate, grant and support 
Access to Users

RIs can apply fees for Access to contribute to their 
financial sustainability.

RIs should manage data so that are appropriately 
maintained, archived for a reasonable period, and 
available for review and (re-)use. If appropriate, 
they are also encouraged to consider providing 
open access to research data. 



Research Infrastructure Costs
• Design and preparation
• Construction and start-up, including:

• Physical (e.g., land acquisition, 
installations, constructions) and 
non-physical (e.g., IPRs, cloud, 
other information technologies) 
assets, usually the major 
component of initial investment 
costs;

• Personnel;
• Start-up costs (e.g. training, 

licences, etc.);
• Replacement costs;
• Major upgrades;
• Decommissioning and end-of-life 

costs.



Provided by the Directorate-General for Research and Innovation

Access modes 
• Excellence-driven Access, free of charge

• Requires a project proposal
• Peer-reviewed
• Usually free of charge

• Market-driven Access, at a cost
• Wide Access

As well as
• Physical
• Remote
• Virtual

Depending on the access route, data could be 
public or proprietary, and with an embargo period.



Excellence-driven access is 
obtained through the 
submission of an experiment 
proposal, which is reviewed on 
technical, health-and-safety 
grounds by the facility, then 
scientifically evaluated by a 
panel of independent peers.

If successful, access is granted 
and the experiment is 
scheduled and performed.  

Example of Access Proposal Life Cycle at Elettra



Access to RIs is offered 
and requested through 
calls for proposals. 
These can be few times 
per year, when the largest 
number of scientific 
proposals is submitted.

Often, some rapid 
access routes are 
available to access the RI 
outside an ordinary call 
for proposals. 
(e.g., during global crisis, 
or to complete PhD 
theses…)Example of Access Routes at ISIS



Excellence-driven access 
is exclusively dependent 
on the scientific 
excellence, originality, 
quality evaluated through 
peer review, after having 
assessed technical and 
ethical feasibility of an 
application. 

Example of peer-review 
criteria at ISIS



• Industrial R&D exploits the 
rich knowledge environment 
of Research Infrastructures;

• the scientific results of RIs 
percolate into innovation 
value;

• the industry benefits from 
access to RIs and to 
scientific data

• Industry as a supplier
• Industry as a user

Market-driven access generally involves a fee for the access. Examples are proprietary 
research at full cost or other specific contractual conditions – e.g. for the development 
of highly advanced technologies. The results are – partially – not published.



Some examples, 

to show the 

variety of RIs as 

well as different 

access plans



▪ ISIS Neutron and Muon Source
▪ www.isis.stfc.ac.uk
▪ www.isismachitalia.eu
▪ Access: in person
▪ Access mode:  scientific 

excellence, commercial
▪ Cost: free or commercial fee
▪ PNIR, bilateral agreement

Materials characterization, Cultural 
Heritage, Electronic radiation 
hardening, physics, chemistry, 
geology, engineering, and biology…

http://www.isis.stfc.ac.uk/
http://www.isis.stfc.ac.uk/
http://www.isismachitalia.eu/
http://www.isismachitalia.eu/


▪ High Performance Computing (HPC)
▪ https://userdb.hpc.cineca.it/ 
▪ www.hpc.cineca.it/hpc-

access/access-cineca-
resources/iscra-projects/ 

▪ Access: virtual
▪ Access mode:  scientific excellence
▪ Cost: free
▪ Council Regulation 2021 and 2024

Proposals need to include a scientific 
description of the problem to investigate and 
technical description on how to tackle it.
● European level by HPC Joint Undertaking
● National level by CINECA ISCRA calls

https://userdb.hpc.cineca.it/
https://userdb.hpc.cineca.it/
https://www.hpc.cineca.it/hpc-access/access-cineca-resources/iscra-projects/
https://www.hpc.cineca.it/hpc-access/access-cineca-resources/iscra-projects/
https://www.hpc.cineca.it/hpc-access/access-cineca-resources/iscra-projects/
https://www.hpc.cineca.it/hpc-access/access-cineca-resources/iscra-projects/
https://www.hpc.cineca.it/hpc-access/access-cineca-resources/iscra-projects/
https://www.hpc.cineca.it/hpc-access/access-cineca-resources/iscra-projects/
https://www.hpc.cineca.it/hpc-access/access-cineca-resources/iscra-projects/
https://www.hpc.cineca.it/hpc-access/access-cineca-resources/iscra-projects/
https://www.hpc.cineca.it/hpc-access/access-cineca-resources/iscra-projects/
https://www.hpc.cineca.it/hpc-access/access-cineca-resources/iscra-projects/


• THEMIS
• https://www.themis.iac.es

• Access: in person
• Access mode:  scientific excellence
• Cost: free 
• National RI open to others

Solar magnetism and the dynamical 
processes within the Sun’s atmosphere, 
or near-Sun objects such as Mercury 
and comets.
The telescope is an Italian-French-
Spanish facility that also awards 
observing time through its International 
Time Program (ITP) for 5% of the total 
observing time.

https://www.themis.iac.es/doku.php?id=themis
https://www.themis.iac.es/doku.php?id=themis


• European Synchrotron Radiation Facility
• https://esrf.fr/

• Access: in person
• Access mode:  scientific excellence, 

commercial
• Cost: free + travel funds
• ESFRI Landmark

X-ray absorption spectroscopy and serial 
crystallography on proteins, Electronic 
structure, magnetism and dynamics, 
Complex systems and biomedical sciences, 
Structural biology, Structure of materials, 
Matter at extremes

https://esrf.fr/
https://esrf.fr/


• European X-ray Free Electron Laser
• https://www.xfel.eu/

• Access: in person
• Access mode:  scientific excellence, 

commercial
• Cost: free of charge, providing partial 

funds for travel
• ESFRI Landmark

• Time-resolved femtosecond serial 
crystallography on proteins, coherent 
imaging on fibrils, proteins, and cells. 
physics, chemistry, materials science, 
biology and nanotechnology

https://www.xfel.eu/
https://www.xfel.eu/


• Elettra Sincrotrone Trieste
• https://www.elettra.eu/
• https://www.ceric-eric.eu/

• Access: in person
• Access mode:  scientific excellence, 

commercial
• Cost: free of charge, providing partial 

funds for travel
• EFRI, PNIR, CERIC-ERIC

https://www.elettra.eu/
https://www.elettra.eu/
https://www.ceric-eric.eu/
https://www.ceric-eric.eu/
https://www.ceric-eric.eu/
https://www.ceric-eric.eu/


• International Space Station
• www.asi.it/bandi_e_concorsi/bando-di-ricerca-di-progetti-di-ricerca-fondamentale-ricerca-industriale-sviluppo-
sperimentale-per-la-valorizzazione-delle-risorse-italiane-di-accesso-alla-stazione-spaziale-internazionale-iss-per/

• Access: remote
• Access mode:  scientific excellence
• Cost: depends on the call
• Is it a RI?

http://www.asi.it/bandi_e_concorsi/bando-di-ricerca-di-progetti-di-ricerca-fondamentale-ricerca-industriale-sviluppo-sperimentale-per-la-valorizzazione-delle-risorse-italiane-di-accesso-alla-stazione-spaziale-internazionale-iss-per/
http://www.asi.it/bandi_e_concorsi/bando-di-ricerca-di-progetti-di-ricerca-fondamentale-ricerca-industriale-sviluppo-sperimentale-per-la-valorizzazione-delle-risorse-italiane-di-accesso-alla-stazione-spaziale-internazionale-iss-per/
http://www.asi.it/bandi_e_concorsi/bando-di-ricerca-di-progetti-di-ricerca-fondamentale-ricerca-industriale-sviluppo-sperimentale-per-la-valorizzazione-delle-risorse-italiane-di-accesso-alla-stazione-spaziale-internazionale-iss-per/
http://www.asi.it/bandi_e_concorsi/bando-di-ricerca-di-progetti-di-ricerca-fondamentale-ricerca-industriale-sviluppo-sperimentale-per-la-valorizzazione-delle-risorse-italiane-di-accesso-alla-stazione-spaziale-internazionale-iss-per/
http://www.asi.it/bandi_e_concorsi/bando-di-ricerca-di-progetti-di-ricerca-fondamentale-ricerca-industriale-sviluppo-sperimentale-per-la-valorizzazione-delle-risorse-italiane-di-accesso-alla-stazione-spaziale-internazionale-iss-per/
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During his last lecture, Edoardo Amaldi, who 
strongly contributed in paving the way for the 
Italian scientific research after WWII, interrogated 
the young students on what should be the most 
precious quality in a physicist:

Perseverance. 

Amaldi's legacy spread in different directions, 
amongst which the research in gravitational waves 
with his student, Guido Pizzella, pioneer of this 
field in Italy – and professor at our University – but 
also with Francesco Paolo Ricci, neutron physicist 
who strongly supported the use of international 
neutron sources by the Italian community, such as 
the ISIS Neutron and Muon Source – another 40-
year collaboration anniversary celebrated 
recently.



January 1954

Scientists lobbying politicians
Venus transits are rare events that helped astronomers estimating the dimension and 
distance of the sun in the solar system.

Halley suggested in 1716 to exploit a predicted Venus transit in 1761, which sprang an 
international collaboration of 176 astronomers in 117 observing stations. Scientists’ 
travel around the globe was possible thanks to scientific institutions lobbying their 
governments (often at war).

June 1761



Scientists lobbying 
politicians
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