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1. Introduction

This literature review provides short summaries of recent scientific articles discussing the challenges of
research and technology infrastructures. This publication is developed by the Team on ‘Economics of
Research and Innovation’ of the Chief Economist Unit (G.1) in the European Commission’s Directorate
General for Research and Innovation. For this edition, the contributors are Nicola Francesco Dotti
(review coordinator), Haya Al-Ajlani, Florence Benoit, Bianca Cavicchi, Valentina Di Girolamo,
Alexander Heussner, and Julien Ravet. This Literature Review benefited from the valuable feedback
provided by René Martins (A.4) and Laurent Obresse (E.2).

“Europe’s world-class ecosystem of research
and technology infrastructures is a unique
asset that enables scientific progress, drives
innovation, strengthens competitiveness and
connects talent across borders. It is also a
compelling reason to choose Europe for
pursuing pioneering science and delivering
groundbreaking innovation. But to stay ahead,
this ecosystem must be continuously
reinforced, while becoming ever more
integrated and accessible."

With these words, the °
sets the stage for a comprehensive approach
to strengthen the ecosystem. Adopted on 15
September 2025, this Strategy aims to
promote investment in research and
technology infrastructures with a long-term
vision, integrating other initiatives such as the
and the . The focus is on
facilitating and improving access for
researchers and innovative companies,
accelerating market uptake and
commercialisation of innovative products and
solutions. This Strategy complements the

and the ‘Charter of access for
industrial users to research and technology
infrastructures’ announced by
in May 2025.

This integrated approach follows the call from
the on the importance of
research and technology infrastructures for
European competitiveness, the

stressing the importance of knowledge for the
single common market, and the
to improve the next EU’s
programme for R&l.

framework

The challenges for Europe’s research and
technology infrastructures are multiple,
ranging from the need to push the scientific
frontiers and advance crucial technologies to

the strategic choice of promoting cooperative
research, despite turbulent geopolitical trends.
These infrastructures are a key asset for
Europe with specific governance and
functioning models that require careful
analysis to ensure comparability. Their size
and importance require  supranational
cooperation due to the large investments
required to build and operate them. In this
area, the European added value is even more
relevant and strategic.

The European Strategy Forum on Research
Infrastructures ( ) is a success story in
supporting a coherent and strategy-led
approach to policymaking on research
infrastructures in Europe. The concept of
technology infrastructure is relatively more
recent, and the scientific literature appears
more fragmented, despite Europe’s
recognition of the crucial role of technology
infrastructures. Even though research and
technology infrastructures belong to the same
ecosystem, they have distinct missions, and
the European Commission has recognised
their joint importance and the continuum
between these two.

Without claiming to be exhaustive, this review
aims to bring attention to the open challenges
of research and technology infrastructures as
identified by scholars. This research
perspective is relevant to enrich the policy
discussions, particularly in  terms  of
methodological rigour, analytical lenses, and
known uncertainties.

The objective is to promote an informed debate
on a crucial challenge for today’s European
competitiveness, sustainability, and strategic
autonomy because research and technology
infrastructures play a fundamental role in the
strategy ’
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2. Research Infrastructure: a strategic approach to

overcome fragmentation

Cramer, K.C. and Riiffin, N.V. (2025) ‘The EUropeanisation of Research Infrastructure Policy’, Minerva,

63(1), pp. 45-68. Available at:

e The European Commission has developed a strategic approach to overcome the fragmentation
of research infrastructures (RIs) since early 2000s, following the launch of the Lisbon Strategy

and European Research Area (ERA).

e This approach relied on the strategic interplay of coordination (i.e., the establishment of ESFRI),
financial incentives (Framework Programmes’ funding), and the provision of a legal framework
(see the European Research Infrastructure Consortium, ERIC). These actions were framed to
ensure joint responsibility between Member States and the European Commission.

¢ EU funding supported the preparation of research infrastructures adopting the European legal
status (ERIC), without excluding other types of Rls from receiving FP support.

e The growing role of ESFRI ensured coordination, acting as an advisory body and playing a
fundamental role with its roadmaps as an eligibility criterion.

The authors present the case of the EU
policies for research infrastructures (RIs) since
the early 2000s, when the Lisbon Strategy and
the European Research Area (ERA) were
launched.

Historically, European research policy was
fragmented because, according to the authors,
the European Commission (EC) was
constrained by the principle of subsidiarity,
which limited the EU's intervention in a field
with strong national interests. The authors
argue that the EC successful established its
role in this domain not through a formal
transfer of national competences (so-called
‘supra-nationalisation’), but through a strategy-
led approach that institutionalised a new, EU-
oriented layer of RIs. This strategy has
reshaped the landscape for Big Science
initiatives, overcoming national fragmentation.

The EC advanced its vision of a coordinated
European RI landscape by employing four
interconnected strategies:

First, strategic incorporation of incumbents.
The establishment of the European Strategy
Forum on Research Infrastructures (ESFRI) in
2002 proved to be an effective platform with an

advisory role, engaging Member States
representatives and pre-existing
intergovernmental research organisations

(EIROforum). ESFRI, operating via the non-
binding open method of coordination, gained a

central ‘gatekeeping position’ by producing
Roadmaps that outline future RI needs.

Second, discursive emphasis on joint
responsibility. The Commission mobilised the
subsidiarity principle to its advantage by linking
RI coordination to so-called grand societal
challenges, arguing these global issues
require  post-national  policies  beyond
individual state capacity. This narrative
provided the political leverage to claim
accountability and demonstrate the "added
value" of EU actions.

Third, incentivisation through financial
schemes. Since the Seventh Framework
Programme (FP7, period 2007-2013), the FPs
earmarked a dedicated budget to support RI
preparatory phases or major upgrades. This
funding was strategically tailored: eligibility
criteria stipulated that projects must be
included in the ESFRI Roadmap for support in
specific calls, reinforcing ESFRI's gatekeeping
role.

Fourth, implementation of tailor-made
legislation. The enactment of the European
Research Infrastructure Consortium (ERIC) in
2009 provided a specific legal framework
under EU law for RIs. RIs granted ERIC status
must demonstrate they “represent an added
value in the strengthening and structuring of
the European Research Area” and "pursue EU
objectives in the interest of the EU".


https://doi.org/10.1007/s11024-024-09544-0

The empirical analysis is based on two
different types of Ris (see Figure 1): Group 1
includes European RIs listed in ESFRI, funded
via the FP, and with the ERIC status granted
or requested. This first group includes 32 RIs.
Group 2 includes 29 RIs operating under
different legal frameworks, largely consisting of
traditional intergovernmental Big Science
initiatives.

The analysis provides findings on the funding
mechanisms and scientific areas of Rls. First,
the EC provided substantial funding covering
95% of the preparatory phase costs for Ris in
Group 1, i.e. those having an EU-based legal
status. On the contrary, the preparation costs
for Group 2 are covered by EU funding only up
to 40% (on average), as they mainly rely on
other, non-EU channels. Second, in Group 1,
the thematic areas covered by Ris are
predominantly situated in domains associated

N =

with the societal challenges, as promoted by
the Commission (Health and Food,
Environment, Social and Cultural Innovation).
On the contrary, Group 2 Rls are concentrated
in more ‘traditional’ fields of ‘Big Science’,
namely Physical Sciences and Engineering,
Data, and Computing.

These findings illustrate how the EC
successfully leveraged financial incentives and
legal frameworks to foster a distinct layer of
Ris, whose establishment and governance are
tightly coupled with the strategic objectives of
EU science policy. Thanks to this approach,
the landscape of Europe’s Rls has become
less fragmented from a governance viewpoint,
while promoting critical mass and synergies
across Europe, in line with the fundamental
objectives of ERA.

Fig. 1 Distribution of RIs Categorized by ESFRI Domain and Group. Sources: ESFRI 2006, 2008,
2011, 2016, 2021 and authors’ own compilation of data of the RI ESFRI Roadmap dataset (https://doi.

org/10.6084/m9.figshare.22360552)

Figure 1. Figure 1 from Cramer and Ruffin (2025).



3. Defining Large Scale Research Infrastructures for
better management: a systemic literature review

Eggleton, D.C. (2024) ‘Large-scale research infrastructure projects: A conceptual review for science

policy and management, Science Progress,

107(4), p. 00368504241266555. Available at:

e Large-Scale Research Infrastructures (LSRIs) pose radically different policy challenges

regarding management and governance.

e LSRIs consume disproportionate public funds, and a failure carries major implications for the
national research system, necessitating specialised management approaches.

e Due to the massive scale, often requiring international collaboration, management and
governance must be able to address the disproportionate advantage for the hosting country.

The author provides a systematic literature
review on 'Large-Scale Research
Infrastructures’ (LSRIs) and related fields.
LSRIs represent a crucial, yet challenging,
approach to doing science, as they are
characterised by extensive financial
commitment, advanced experimental
technologies, an extended timespan, a large
scientific staff, and an ambition to push the
scientific and technological frontiers. Some
examples are the Large Hadron Collider (LHC)
at CERN (Geneva, CH) and the Institute Laue-
Langevin in Grenoble (France). At the same
time, the cancellation of the Superconducting
Super Collider (SSC) in the US is seen as a
clear example of a major project failure,
caused in part by poor management and
governance. This failure resulted in a loss of
over ten billion of US dollars.

The scale of these investments necessitates
radically  different management  and
governance approaches compared to smaller,
‘ordinary’ research infrastructures. This article
investigates how to define LSRIs for which this
different approach is needed: policymakers
have to face immense scale, extensive
workforces, significant infrastructure, and high
technological uncertainty when investing in
LSRIs.

Based on a selected sample of more than 200
scientific publications in the field, the four
definitions presented in Figure 2 are drawn.

LSRIs demand distinct management
approaches due to their immense scale,
extensive workforces, significant

infrastructure, and high
uncertainty.

technological

A key criterion for identifying LSRI is a
minimum construction budget of at least one
billion of US dollars, and collaboration between
two or more countries. This clear budgetary
threshold enables policymakers to map LSRIs
onto the established 'megaproject’ body of
knowledge in the management domain. This
criterion is particularly relevant in the European
context, with countries smaller than the US. In
this  perspective, internationalisation is
needed, yet it requires different management
settings.

International collaboration  for  LSRIs
introduces  further policy complexities,
particularly concerning membership and

funding allocations. National governments
weigh four variables when deciding on
membership: economic (e.g., eligibility for
supply contracts, which creates high-
technology industrial feedback loops),
scientific (evaluating trade-offs and opportunity
costs), cultural (future orientation of civil
society), and political (leveraging science for
diplomacy).

Policymakers must also navigate complexities
in cost distribution. While traditional methods
rely on factors like GDP or utility to the national
scientific community, an ongoing tension exists
because host member states tend to benefit
disproportionately. Novel approaches, such as
'host state contributions'’, have been developed
to mitigate this imbalance. Furthermore, while
research institutions often prefer flexible ‘cash’
contributions, member states frequently
contribute on an 'in-kind' basis, typically with
provisions that mandate the funds be spent
domestically.


https://doi.org/10.1177/00368504241266555

Establishing more explicit criteria and
anticipating these management and funding
challenges are critical steps for future science
policy research aimed at supporting the
successful construction and operation of LSRI.

This article concludes by arguing for the well-
definition of 'large’ research infrastructures to
ensure that proper management and
governance are established, given the critical
differences found in the scientific literature.

Table 4. Summary of the inclusion criteria identified from the literature review.

Concept Criteria

Large International Science
Projects
Big Science

Minimum budget of $1 billion US dollars, two or more countries
must collaborate together, significant technological uncertainty
Laboratories with large workforces devoted to a single research

agenda, traditionally physical sciences-oriented but increasingly
including biological sciences as well

Megascience

Large-Scale Research
Infrastructure

No clear project or experimental endpoint, predominantly physical
sciences-oriented

Facilities or instruments that are ‘large’, traditionally linked to big
science but no disciplinary restrictions

Figure 2. Table 4 from Eggleton (2024).



4. Mega research infrastructure as knowledge hubs

Xing, Y. et al. (2025) ‘Mega research infrastructure as a driver for high-quality development and
innovation: Promoting scientific cooperation and interdisciplinarity’, Project Leadership and Society, 6,
p. 100150. Available at: .

e The article examines how Mega Research Infrastructures (MRIs) contribute to high-quality
scientific development.

e MRIs play a crucial role as physical research platforms and hubs connecting diverse
institutions, disciplines, and researchers, fostering sustained collaboration and knowledge
exchange.

e Using the Shanghai Synchrotron Radiation Facility (SSRF) as a case study, the authors use
social network analysis to show that co-authorship networks have expanded significantly for
the period from 2009 to 2022, with dense clustering and short paths between institutions.

e The findings highlight that MRIs scientists are key participants in collaborative research,
frequently co-authoring papers but rarely leading them, suggesting that their contributions
remain undervalued within the scientific system.

e The analysis also reveals growing interdisciplinarity, particularly among fields such as materials
science, applied physics, nanoscience, and physical chemistry, illustrating how MRIs

encourage cross-disciplinary integration.

Mega research infrastructures (MRIs) are
large-scale scientific facilities or systems that
form part of national strategic plans. As state-
led megaprojects, they play a crucial role in
advancing high-quality scientific, economic
and social development. MRIs provide the
material and technical foundation needed to
advance scientific frontiers and tackle major
scientific and technological challenges linked
to economic growth, social progress and
national security.

The authors argue that existing literature has
largely  disregarded the social and
collaborative dimensions of MRIs by focusing
mainly on their technical, economic or policy
aspects. In this light, this paper provides new
evidence on how MRIs shape research
networks, promote interdisciplinary integration
and rely on the often-overlooked contributions
of instrument scientists.

In particular, this study offers theoretical insight
into the direction of scientific development
associated with MRIs and into ways of
adapting to more efficient models of research
collaboration. It also provides guidance for
shaping national strategies on MRI
development and for ensuring the effective
allocation of research resources.

The paper aims to expand the research
perspectives of MRI users and to support
facility managers and government bodies in
developing policies for the effective operation
and management of such infrastructures.

Using the Shanghai Synchrotron Radiation
Facility (SSRF) between 2009 and 2022 as a
case study, the authors combine bibliometric
and social network analysis to explore the
evolution of SSRF-based research
collaboration.

Publications that reference the SSRF in
acknowledgements or funding statements are
extracted from the Web of Science database,
including metadata such as author affiliations,
publication years and disciplinary categories.
Co-authorship is used as an indicator of
collaboration, with institutions represented as
nodes and shared publications as links. The
authors then employ social network analysis
and calculate centrality measures, clustering
coefficients and path lengths to examine the
density, connectivity and evolution of the
network across four operational phases.

The analysis reveals a significant expansion of
the SSRF’s collaborative network over time
(see Figure 3). The number of participating
institutions and co-authorship links increased
steadily, and the network developed strong


https://doi.org/10.1016/j.plas.2024.100150

small-world characteristics,
high local clustering and efficient global
connectivity. Instrument scientists play an
important role in this process, contributing to a
considerable share of SSRF publications, yet
they rarely appear as leading authors. The
study argues that this imbalance reflects an
undervaluation of their intellectual and
technical contributions.

indicating both

Interdisciplinarity has also intensified, with
growing integration between fields such as
materials science, applied physics,
nanoscience and physical chemistry. The
results show that MRIs act as catalysts for
cross-disciplinary collaboration and knowledge

Table 7
Overall network characteristics of the SSRF disciplinary networks.

exchange, encouraging connections between
otherwise distinct research domains.

The findings suggest that MRIs function not
only as advanced experimental platforms but
also as vital social infrastructures that underpin
modern scientific production. As a result, the
authors recommend strengthening recognition
and career development for instrument
scientists, promoting flexible and inclusive
collaboration models, and enhancing data-
sharing policies. These measures would
enable MRIs to advance further
interdisciplinary innovation, scientific
excellence and long-term societal benefit.

Indicator Stage

2009-2013

2014-2018 2019-2022

Network structure

<oa
© ‘. at
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Network size 90
Total relationships 201
Average degree 4.467
Densities 0.050
Average clustering coefficient 0.591
Average path length 3.055
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103 113
279 325
5.417 5.752
0.053 0.051
0.543 0.573
2.879 3.055

Figure 3. Table 7 from Xing et al. (2025).



5. A critical analysis of large-scale research
infrastructures’ performances

Nocella, I. et al. (2023) ‘A critical analysis of large scale research infrastructures’ performances’,
Measuring Business Excellence, 28(1), pp. 22—38. Available at:

e The paper explores how large-scale research infrastructures (LSRIs) perform and proposes a

taxonomy of their structural configurations.

e The general 'morphological' analysis (GMA) aims to map LSRI dimensions and uses survey

evidence from 11 cases.

e Seven archetypes of LSRI configurations are identified, each linked to different performance

profiles.

e LSRI performance depends on their 'morphology": governance, funding, function, and scope.
The study provides the first structured dataset for assessing these infrastructures, offering

guidance for policymakers and managers.

This study addresses the lack of strategic
management understanding of large-scale
research infrastructures (LSRIs). While LSRIs
are recognised as critical to global
competitiveness and knowledge creation,
there is limited clarity on how they are
configured and how such configurations shape
their performance.

The authors position their analysis against the
background of '‘Big Science' vs 'Small Science'.
Whereas small teams often drive disruptive

discoveries, LSRIs enable large-scale,
resource-intensive  research that would
otherwise be impossible (e.g. particle
accelerators, synchrotrons, advanced

computing). Both models are complementary,
but the rise of LSRIs creates new managerial
and policy challenges regarding investment,
efficiency and evaluation.

Methodologically, the study combines a
literature review with survey data from 11
European and international LSRIs. Using a
General Morphological Analysis (GMA), the
authors construct a morphological matrix that
maps key dimensions of LSRI design, such as
location and structure, function, scientific
effect, domain and funding mix.

10

Through cross-consistency analysis, the
solution space is reduced to plausible
combinations, from which seven archetypes of
LSRIs are derived. These archetypes show
how different governance, funding and
functional models translate into distinct
performance profiles.

For example, single-site global facilities with
international governance (e.g., CERN or
ESRF) perform strongly in terms of knowledge
spillovers and clustering but depend heavily on
sustained public funding. By contrast,
distributed infrastructures, such as LifeWatch
or PRACE, score higher on networking and
inclusiveness, but face challenges of
coordination and coherence. Hybrid models,
combining public and private funding, can
enhance financial sustainability and innovation
transfer but raise questions about long-term
stability and mission alignment.

The findings suggest that aligning governance
and funding choices with the desired
performance profile is essential, while explicitly
accounting for uncertainty and non-financial
returns. Future work could focus on linking the
archetypes to measurable indicators.


https://doi.org/10.1108/MBE-09-2023-0140
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Figure 4. Figure 4 from Nocella et al. (2023)
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6. Research teams in large-scale research
infrastructures are more collaborative and provide
more disruptive science

Zhang, M., Wang, L. and Li, Z. (2025) “The impact of team compositions on disruptive and novel
research in large-scale research infrastructures,” Scientometrics, 130(5), pp. 2987-3011. Available at:

e Research teams that combine large-scale research infrastructures (LSRI) staff and external
users produce more disruptive and novel scientific outcomes than user-only teams, highlighting
the creative advantages of integrating diverse expertise and perspectives.

e Heterogeneous teams, especially those with shared leadership between staff and users,
achieve higher levels of originality and breakthrough potential, showing that balanced
collaboration structures are crucial for fostering innovative research.

¢ Policies that encourage staff participation, promote long-term collaborative relationships, and
ensure fair recognition of LSRI staff contributions can significantly increase the scientific and
societal returns from large-scale research infrastructures.

The study investigates how team composition
and collaboration structures influence the
production of disruptive and novel scientific
knowledge in large-scale research
infrastructures (LSRIS).

In particular, the analysis aims at answering
the following three research questions:

1. Does inter-community collaboration
associate with more disruptive
scientific outputs?

2. Does inter-community collaboration
associate with more novel
knowledge?

3. How does team diversity, mainly in
the compositions and leadership,
affect scientific performance
(disruption and novelty) within the
context of LSRIS?

To answer these questions, the study draws on
publication data from five large research
facilities: notably APS (in the US), Diamond
(UK), ESRF (France), SPring-8 (Japan), and
SSRF (China).

The final dataset employed in the analysis
covers over 95000 scientific articles.
Information on authors' affiliation was used to
classify research teams as: (a) staff-
participating, or inter-community, teams
comprising both external users and LSRI staff
members as co-authors; (b) user-only, or intra-

12

community teams involving only external or
visiting scientists.

The scientific  performance of these
collaborations is measured using the
Disruption Index, capturing how much a study
breaks with existing knowledge, and the
Novelty Score, which reflects how original the
combination of ideas is. The authors then
examine  whether collaboration across
communities, team diversity, and shared
leadership were linked to more innovative
research outcomes by means of econometric
analysis.

The results from the analysis show that
publications involving LSRI staff produce more
disruptive and novel knowledge compared to
those authored solely by users. Team
diversity, measured by the mix of staff and
users, is found to be positively associated with
both disruption and novelty, particularly when
leadership is shared across communities.
Furthermore, heterogeneous leadership teams
outperform homogeneous ones, suggesting
that combining complementary expertise and
perspectives enhances creative outcomes.

From a policy perspective, these findings
highlight the strategic importance of fostering
inter-community collaboration within LSRIs.
Encouraging the active participation of staff
scientists, supporting long-term collaborative
relationships, and recognising staff
contributions can improve research quality and


https://doi.org/10.1007/s11192-025-05319-w

innovation potential. The paper thus calls for

collaboration between internal and external

increased efforts to promote organisational researchers to maximise the societal and
integration, ensure equitable recognition for scientific  returns from costly research
LSRI staff, and strengthen mechanisms for infrastructures.
1500 @ 1500 @
& &
e 1w e
%0 ‘5 50 5
0.10 + ] 100 - 3
B = 0.00695+0.00145 E 'g B =-8.55917 + 1.55077 i '§
I~ Adj. R? = 0.0022 5 Adj. R? = 0.0029 2
g p<0.0001 p<0.0001
© 0.054
>
) g -
3 1]
2 0004 z
= [
c >
£ 2 o
2 -0.05
2
o
=010 +— T : : : : -50 +— T : - . -
0.0 0.2 04 06 0.8 1.0 0.0 0.2 04 06 08 1.0

(a)

Team Diversity

(b)

Fig.5 Relationship between team diversity and dependent variables (DI;, NS), N=9212. Subfigure (a) and
(b) display the distribution relationships (grey stars) between dependent variables (DVs) and team diver-
sity (TD), with the distributions and normal fits of number of teams visualized (histograms and red curves
on the top). Red lines are SLR of two DVs with slope, Adjust R, and p-value recorded in the subfigures.

(Color figure online)

Figure 5. Figure 5 from Zhang et al. (2025).
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7. How much is scientific collaboration worth?

Giffoni, F., Colnot, L. and Sirtori, E. (2025) “The link between large scientific collaboration and
productivity. Rethinking how to estimate the monetary value of publications,” Scientometrics, 130(7),

pp. 3773-3811. Available at:

The article proposes a method to assign a monetary value to scientific publications, focusing
on multi-author papers produced through large-scale research collaborations.

The authors argue that existing literature overlooks the collaborative dimension of research by
failing to account for the link between co-authorship and scientists’ productivity.

This link is crucial since contemporary science increasingly relies on extensive and varied
collaborations to tackle global challenges in fields such as life sciences, climate science,
energy, high-energy physics, astronomy, and many others.

The marginal cost of production (MPC) approach aims to include collaboration, showing that
scientists' productivity increases with the number of co-authors.

Based on data from CERN’s Large Hadron Collider (LHC), the study finds that papers from
large scientific collaborations can be valued up to three orders of magnitude higher than past

estimates, and these higher values tend to align with higher research quality.

The authors highlight that modern science is
increasingly defined by collaboration that
crosses organisational, disciplinary, cultural
and national boundaries. This growth reflects
the need for joint efforts to address global
challenges such as climate change, health,
and sustainable energy. Large-scale funding
programmes, such as the EU's Horizon
Europe, further call for increased
interdisciplinary and collaborative research.

Despite this growing importance, economic
research has struggled to measure the value
of collaboration in science. Existing studies
estimating the monetary value of scientific
publications tend to treat papers as single-
author outputs or distribute equal credit among
co-authors, ignoring how collaboration shapes
productivity and, consequently, value. This
omission leads to systematic underestimation
of the true worth of scientific outputs.

The authors address this gap by extending the
Marginal Cost of Production (MPC) model to
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account for the collaborative nature of modern
scientific research. Unlike earlier approaches
that treat productivity as a fixed value, their
model makes productivity an endogenous
variable that increases with the number of co-
authors. They incorporate a collaboration-
adjusted productivity function, using the
number of co-authors as a scaling factor to
capture both the shared effort and the
productivity gains from teamwork.

Using a large dataset from CERN's LHC
facility, covering over 400,000 scientific
outputs and more than 50,000 authors from
1990 to 2021, the paper finds that collaborative
papers can have a monetary value up to three
orders of magnitude higher than previously
estimated. The study also finds that a greater
number of co-authors correlates with a higher
monetary value of the scientific outputs (see
Figure 6).


https://doi.org/10.1007/s11192-025-05348-5

Metrics | Min, Q25 Median ; Q75 | Mean | Max

200000 |l | | 5

\ ' | )

| ' 1 '

3, § : : :
E“ 0' ) 1)
) g 150000 =! ‘ :
T O B ' '
(O] 8: ' '
Ta % : :

.._é 10000 5: : : '

S.g [ 1 | '

85 : : : :

E o ‘ : ' C. :

3([) 5000 ! m: g: 520

z | 5 = g

I 1 | “.

1 ] 1 0

o ™ y : H

10 000 100 000 1 000 000

Value of LHC-related Scientific Products (EUR PPS)
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Figure 6. Figure 10 from Giffoni et al. (2025).
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8. The social value of Earth observation: A new
evaluation framework for public high-tech

infrastructures

Morretta, V., Florio, M. and Landoni, M. (2023) ‘The social value of Earth observation: A new evaluation
framework for public high-tech infrastructures’, Structural Change and Economic Dynamics, 67, pp.

407-419. Available at:

e The paper develops a new 'social' cost-benefit analysis framework for high-tech public
infrastructures, applied to earth observations (EO).

e The main novelty is the engagement with valuing intangible benefits, spillovers and non-market

effects across the EO value chain.

e The framework analyses impacts based on a multiple stakeholders mapping, shadow pricing,
explicit counterfactuals, thus avoiding double counting and clarifying impact attribution.

e Attribution and data gaps are identified as the main uncertainties. The approach generalises to
other research and technology infrastructures.

This paper addresses the main challenges of
evaluating the socio-economic impact of public
high-tech infrastructures, with a detailed case
study of Earth Observation (EO).

EO is a strategic domain of the space
economy, providing essential data for climate
monitoring, natural disaster management,
precision farming and many other applications.
Despite increasing public investment, the
socio-economic value of EO remains unclear,
as market signals are often absent or
inadequate.

The authors discuss the traditional cost-benefit
analysis (CBA) applied to public infrastructures
and argue that knowledge-generating
infrastructures require new methods. Existing
approaches, such as input-out analysis, firm
surveys and case-based value chain
assessments, fall short in capturing the full
range of benefits, particularly intangible ones
and spillovers. The proposed framework builds
on welfare economics and applies social CBA
to EO, emphasising shadow pricing to capture
social rather than market values, incremental
analysis against counterfactuals, and a net-
present value approach to discount future
benefits and costs.
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A key contribution is the mapping of the
diverse stakeholders (e.g., firms along the EO
value chain, other sectors and ICT users,
science system, early career researchers,
service users such as government, firms and
citizens, society at large) through which EO
creates value. This inclusive approach matters
because benefits flow through multiple
channels and can overlap.

By analysing impacts this way, the framework
clarifies attribution, applies shadow prices
appropriately and sets guardrails to avoid
double-counting when estimating social value.

The main finding is that such an approach is
feasible and policy relevant, showing the
positive net socio-economic value, while
recognising uncertainty and risk. More broadly,
the framework provides transferable lessons
for other high-tech research infrastructure —
such as particle accelerators, genomic
platforms, or supercomputers — where benefits
are equally complex, intangible and spread
across multiple stakeholder groups.


https://doi.org/10.1016/j.strueco.2023.09.003

Figure 7. Earth Observation.
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9. Strengthening Communication and Coordination
in European Biodiversity Research Infrastructures

Souza, A.T. et al. (2025) ‘Fragmented Networks: Challenges in communication and cohesion of
European Biodiversity Research Infrastructures’, Biodiversity Data Journal, 13, p. e148079. Available

at:

o European Biodiversity Research Infrastructures (BioRIs) are facilities and networks that provide
access to data, tools, and collaboration platforms for biodiversity science.

e Fragmentation in communication, geography, and data standards currently hampers the

efficiency of these BioRls.

e More harmonised communication strategies and shared standards are essential to improve

collaboration.

European Biodiversity Research
Infrastructures (BioRIs) are facilities and
networks that provide access to data, tools,
and collaboration platforms for biodiversity

science. They connect researchers,
policymakers, and the public, helping to
address today’s biodiversity challenges.

However, to be effective, BioRIs need to be
well-connected and supported by effective
communication among their staff, users and
wider communities. A key example of
collaboration is the Biodiversity Digital Twin
(BioDT) project, which draws on the strengths
of four major BioRls: Distributed System of
Scientific Collections (DiSSCo), Integrated
European Long-Term Ecosystem, critical zone
and socio-ecological Research (eLTER),
Global Biodiversity Information Facility (GBIF)
and LifeWatch ERIC

Despite such promising collaborations, the
paper shows that fragmentation in
communication and coordination remains a
significant challenge due to the involvement of
multiple stakeholders, reliance on diverse
information-sharing methods, and uneven
geographical coverage.

A survey of 36 BioRI representatives revealed
that communication is usually stronger within
individual infrastructures but much weaker
across them, undermining opportunities for
collaboration and resource sharing. At the
same time, the uneven distribution of BioRIs
across Europe limits equal access for
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researchers in less-represented regions,
reinforcing geographic disparities in
collaboration opportunities. Data and service
interoperability poses another pressing issue:
while some infrastructures share standards
that facilitate data integration, others rely on
distinctive approaches that are harder to align.
This diversity reflects the richness of domains
that BioRIs cover. However, it also restricts
cross-infrastructure interoperability, which is
increasingly necessary for large-scale
research projects and Al-driven biodiversity
science.

To overcome these barriers, BioRIs require
more harmonised communication strategies
and standardised frameworks. Existing
initiatives have demonstrated the feasibility of
harmonising  practices across diverse
infrastructures and the added value of
collaborative hubs. Future solutions should
build on these experiences by adopting robust,
user-friendly  and more  standardised
communication platforms fit for BioRIs needs.
The resulting increase in communication and
capacity-sharing efforts across existing BioRlI
networks would also likely reduce the
geographical fragmentation. In summary,
strengthening integration, interoperability and
communication across BioRIS will help Europe
advance biodiversity research.


https://doi.org/10.3897/BDJ.13.e148079
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Figure 8. Figure 2 from Souza et al. (2025)
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10. Can science diplomacy build a win—win EU-LAC
partnership on research infrastructures?

Lima-Toivanen, M. et al. (2025) ‘Science diplomacy in the European and Latin American and Caribbean
research infrastructure collaboration’, Science and Public Policy, 52(1), pp. 1-15. Available at:

e Science diplomacy is a key enabler of EU-LAC research infrastructure collaboration, but lasting
progress depends on sustained political support, stable funding, and institutional continuity

e Stakeholders expect EU-LAC collaboration on research infrastructures to evolve from a short-
term “compromise” phase, where progress continues while acknowledging unequal capacities,
toward a long-term “win—win” partnership built on balanced benefits.

e Achieving this win—win scenario will require shared definitions of research infrastructures,
stronger capacity-building within LAC, and wider engagement from governments, private

actors, and civil society on both sides.

The article explores the role of science
diplomacy (SD) in fostering international
collaboration on research infrastructures (RIs)
between Latin America and the Caribbeans
(LAC) and Europe.

RIs are facilities, resources and services used
by research communities which are essential
for scientific progress and innovation but are
costly and complex for individual countries to
build and maintain.

SD can be defined as the set of practices
operating at the intersection of science,
technology and foreign policy (following the
2019 Madrid Declaration on SD). Drawing on
existing literature and frameworks such as the
Royal Society and AAAS taxonomy (diplomacy
for science, science for diplomacy, science in
diplomacy) and Gluckman et al. (2018)
(national needs, cross-border interests, global
challenges), the authors treat SD both as an
analytical framework for examining science—
policy interactions and as a practical
instrument to foster cooperation.

At the same time, they note that when driven
solely by national interests, SD can become a
competitive rather than cooperative tool, and
that traditional narratives assuming equality
among states may in practice perpetuate
disparities and enable “colonial” patterns of
scientific collaboration.

RIs are presented in the paper as central
enablers of knowledge production and
innovation. The European context features an
integrated approach through the European
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Research Area (ERA), the European Strategy
Forum on Research Infrastructures (ESFRI)
and large multinational organisations such as
CERN. In the LAC region, definitions of RIs
tend to be narrower and capacities more
fragmented, but initiatives such as ALMA and

LAS4FRI illustrate growing regional
collaboration.
The study follows an exploratory and

qualitative approach, combining a literature
review, a bibliometric analysis of EU-LAC co-
publications  (2008-2022), and twenty
interviews with representatives from five
stakeholder groups.

Using a scenario-building exercise, the article
identifies four potential futures for how EU-
LAC research infrastructure collaboration
could evolve: (1) Win—win, where both regions
benefit equally; (2) Sole-winner, where only
one region benefits; (3) Compromise, where
collaboration proceeds while taking existing
imbalances into account; and (4) Failure,
where cooperation does not advance.

Interviewees ruled out the “failure” and “sole-
winner” scenarios and considered
“compromise” the most likely short- to medium-
term outcome, with “win—win” as the long-term
goal. They emphasised the need for political
support, sustainable funding, common RI
definitions, capacity-building, and engagement
of additional stakeholders such as the private
sector.

All respondents recognised SD as a key driver
for bi-directional RI collaboration, particularly


https://doi.org/10.1093/scipol/scae054

through the Senior Officials Meeting (SOM).
However, challenges remain, including limited
funding, shifting EU priorities, and turnover
among officials.

LAC-EU collaboration (2008-2022) per country

Germany United Kingdom Italy
Spain 62807 55677 45675
103820
Portugal
28732
Belgium [Sweden
18027 16173
Others France Netherlands Poland
88902 61468 25368 12617

Figure 4. Number of participations in co-authorship in scientific publications involving EU-27 and LAC partners (2008-2022).

Note: The UK, although not a member of the EU since 1 February 2020, has been considered in the totality of the publications because of its relevance in terms of
the scientific output.Source: Own elaboration.

Figure 9. Figure 4 from Lima-Toivanen et al. (2025).
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11. A Manifesto for Core Facilities

Jirgens, A. et al. (2024) ‘Navigating the frontier: research infrastructures, core facilities and a new

paradigm at European Universities’,

Cogent Education,

11(1), p. 2365613. Available at:

e Core Facilities offer a new organisational approach to serve scientists in their research

e The interdisciplinary nature of today's research and the increasing demand for advanced
technologies for research require a new way of establishing these service units

e A comparative study provides insights into establishing Core Facilities at a selection of

European universities

e Lessons learnt are formulated as a manifesto to be transferred to other European institutions.

Research is becoming increasingly
interdisciplinary and collaborative and is

constantly requiring access to more
technologically advanced resources,
especially in natural sciences and life

sciences. Research Infrastructures (RI) and
the relatively novel class of Core Facilities (CF)
permit universities to adapt to this situation by
supporting their researchers with appropriate
access to shared and collaboratively governed
resources that are centrally coordinated. The
paper presents results from a comparative
study regarding the different approaches to RI
and CF in a selection of European universities
in the TRAIN4EU+ network. The central
insights culminate in a "Core Facility
Manifesto" that rounds up the paper. Thus, the
paper provides an evidence-based foundation,
including best practices for establishing Rl &
CF at universities.

The main findings of the study show that there
is no universally applied definition of CF, but a
trend to establish local, dedicated, discrete
research infrastructure units that are
accessible to all other units of a university. The
latter are often classified as CFs by their host
institution. These units provide services to the
entire scientific community of the institution,
often on a fee-based service agreement (e.qg.
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pay-per-use of service). Central to these units
is a governance structure that is both anchored
in the concerns of an institution's whole
scientific community, but also substantially
inter- and independent of the hierarchy and
department/faculty structure.

Among the main obstacles, the implementation
of such new units are the management
challenges due to the collaborative
governance and the guarantee of basic
financing (by the host institution or via long-
term grants). Staffing is one of the most crucial
problems, especially due to the required novel
skill set (e.g. research management and
coordination, plus interdisciplinary
understanding, plus technical know-how). An
open question remains whether these units
should also be accessible to outside the host
organisation, e.g. to (local) industry.

As the main conclusion, a successful
establishment requires finding the right
balance between size, impact on research
both locally and in the (European) research
landscape, economic viability and available
technological and human resources. All these
elements need to be embedded with the
existing research support units at the host
institution and on the local and national level.


https://doi.org/10.1080/2331186X.2024.2365613

Figure 10. Futures of research and technology infrastructures
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