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1. Introduction

Finland'’s first national roadmap for research in-
frastructures was published in 2009. Since then,
research infrastructures have become increas-
ingly important in research, development and
innovation activities both in Finland and around
the world. Research infrastructures are built to
enable research that could not be carried out
without infrastructures in areas such as the en-
vironment, health, physical sciences, society or
data and computing sciences.

The aim of the Research and Innovation Council
is that Finland will be the most attractive and
competent environment for experimentation
and innovation in 2030 and that the share of
research, development and innovation (RDI) will
increase to 4% of GDP. Research infrastructures
play an important role in building innovative
and inspiring research and development en-
vironments and utilising research results not
only in science but also in society at large. For
example, in the fight against the coronavirus
pandemic, international and national research
infrastructures have played a major role in sup-
porting the development of vaccines, monitor-
ing the disease situation and preparedness. In
addition to international and national research
infrastructures, the role of local and regional
research infrastructures in RDI activities is also
becoming more important.

Research infrastructures have a long lifecycle,
which is why sufficient resources are needed
for their construction, development, use and
dismantling throughout the lifecycle. Resources
should be allocated to the construction and op-
eration of the most high-quality and effective re-
search infrastructures in order to maximise the
benefits of the available funding. This requires

a strategic systematic approach and long-term
commitment to the activities.
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The Academy of Finland opened a roadmap call
2021-2024 on the basis of the Strategy for Na-
tional Research Infrastructures 2020-2030 and
the Sustainable Growth Programme for Finland.
The previous national roadmap for research
infrastructures was published in 2014. Updating
the roadmap is one of the measures of the Na-
tional Roadmap for Research, Development and
Innovation, and it contributes to the develop-
ment of the RDI partnership model.

The growing importance of research infrastruc-
tures is reflected in the increasing interest of
actors to participate in the construction and
operation of international and national research
infrastructures. When comparing the roadmap
for Finnish research infrastructures 2021-2024
with the roadmap for 2014-2020, it is noticea-
ble that the network of research infrastructure
owner organisations has clearly intensified and
diversified as the number of research organi-
sations that own roadmap infrastructures has
increased.

Although the objective of each research infra-
structure is to support RDI activities in its own
field, research infrastructures and their devel-
opment also have common features, such as
issues related to digitalisation and data, and
the impact of research infrastructures on the
green transition. These were taken into account
when selecting research infrastructures for this
roadmap.

The measures to support the green transition
described by the research infrastructures that
were selected for the roadmap were usually re-
lated to research data produced by the research
infrastructure and its applications as well as to
the possibilities for remote use of the research
infrastructure. Additionally, many research infra-

structures consider efficiency, versatility

and recyclability in their equipment purchases.
The policies of owner organisations, including
the principles related to measuring and reduc-
ing the carbon footprint, will be important in
guiding the operation of research infrastruc-
tures during the green transition.

As the landscape of research infrastructure di-
versifies and the significance of research infra-
structures increases, it is even more important
that, in addition to high-quality service produc-
tion, the ownership, financial responsibilities
and development plans of each infrastructure
are clear and genuinely support the everyday
life of the research infrastructure. This will max-
imise the benefits of investments in research
infrastructures throughout their lifecycle.

The development of research infrastructures is
about significant choices and investments. The
task of the Finnish Research Infrastructure Com-
mittee (FIRI Committee) is to monitor and de-
velop national and international research infra-
structure activities in Finland. The task includes
evaluating Finnish research infrastructures, se-
lecting the best projects and co-financing them.
According to data from roadmap applications,
research infrastructures selected for the roadm-
ap for 2021-2024 have been funded from differ-
ent sources by a total of EUR 1 billion between
2015 and 2019. Research organisations have ac-
counted for more than 60% of total funding.The
estimated total funding need for the research
infrastructures on the roadmap for 2020-2030 is
EUR 2.7 billion.

Based on international peer reviews, the FIRI
Committee supports the construction and up-
grading of research infrastructures by EUR 20
million annually. Membership fees for interna-

tional research infrastructures are also funded
through the Academy of Finland every year
by approximately EUR 20 million. Additional-
ly, one-off funding of approximately EUR 100
million has supported Finland’s participation
in EuroHPC activities and the construction and
development of national and local research in-
frastructures on the basis of the Recovery and
Resilience Plan that is part of the Sustainable
Growth Programme for Finland.

This report presents 29 research infrastructures
selected by the FIRI Committee for the Roadmap
for Finnish Research Infrastructures 2021-2024.
The report also describes the national and in-
ternational landscape of research infrastructure
that is important for Finland in a broader sense.
Research infrastructures and their networks
support high-quality and high-impact RDI activi-
ties locally, nationally and internationally.
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2. Finnish research

Infrastructures in the
2021-2024 roadmap and

memberships of international

research infrastructures

The roadmap for Finnish research infra-
structures defines the significant national
research infrastructures that are part of the
Finnish ecosystem.The roadmap document
also lists international research infrastruc-
tures to which Finland has joined through
treaties or other agreements. The Finnish
research infrastructures and international
memberships of the roadmap 2021-2024 are
listed inTable 1.The research infrastructures
selected for the roadmap represent service
packages that meet the criteria for national
research infrastructures that have been pri-
oritised on the basis of an international peer
review. The roadmap provides a good basis
for many strategic decisions concerning the
development of research infrastructures,
such as Finland’s membership in internation-
al research infrastructures. The roadmap also
serves as a basis for planning and prioritis-
ing long-term infrastructure investments.
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One of the characteristics of a national re-
search infrastructure is that it is of broad na-
tional interest and has international impact.
A national research infrastructure must have
a long-term plan for maintenance, funding
and use as well as a broad user base. A
national research infrastructure is used for
high-quality research, and it must be open
and accessible to all researchers.The data
produced using it follows the principles

of open science or strives systematically
towards them. National research infra-
structures are so extensive that individual
research groups cannot manage them them-
selves. A national research infrastructure
uses the latest available technology (Figure
1). The research infrastructures in the Finnish
roadmap for 2021-2024 are presented in
Chapter 6. For a more detailed list of interna-
tional memberships, see Chapter 4, Table 2.

Definition of a national research infrastructure

A national research infrastructure is a research infrastructure of national and/or international
importance that promotes the quality of research and education. A national research infrastructure
also has an impact on business life and society as a whole. The ownership and organisational
structure of a national research infrastructure are clear, and the key competence needs of the
management and personnel are known. A national research infrastructure must have a long-term
plan for the maintenance and development of services. The services and data produced by the re-
search infrastructure must be openly accessible. A national research infrastructure must consider
the change needs created by digitalisation and data intensity in its operations. A national research
infrastructure must consider the sustainable development goals in its operations. The funding base
of a national research infrastructure must be sustainable and cannot rely too much on competitive
funding from the Academy of Finland.

Wide . Long-term plan for
. . International .
international maintenance, economy

impact :
appeal and services

Comprehensive

and accessible
services

Supports users in storing
and making accessible data

generated by the research
infrastructure in keeping with

principles of open science

Used by several
Clear data research groups to
management policy conduct high-quality
research

Long-term scientific
objectives

Extensive entity that
cannot be managed
by an individual
research group

Uses state-of-the-art tech-
nology whenever possible

Figure 1. Characteristics of a national research infrastructure.
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Table 1. Finnish research infrastructures in the roadmap 2021-2024 and international memberships. Note: National and international
research infrastructures are listed in their own alphabetical order, so the national and the corresponding international research infra-
structure do not always appear on the same row in the table. (ERIC European Research Infrastructure Consortium; JU Joint Undertaking.)

3. Development
of national and

Finland's national roadmap Finland’'s memberships in international

research infrastructures research infrastructures

Research infrastructure

Abbreviation

Biosciences and health

INFRAFRONTIER

Instruct-ERIC

Data and computational sciences

International research

has achieved its current state over several
decades. Finland concluded the first treaties
on research infrastructures in the 1980s and
1990s (EMBL and CERN). Since the Second

Biobanking and Biomolecular Resources Research Infrastructure of Finland | BBMRL.fi BBMRI-ERIC
Biocenter Finland BF EATRIS

| ]
European Life-Science Infrastructure for Biological Information ELIXIR Finland ELIXIR I n f r a St r u C 't u re | a n d S C a e
'_'Eur_o-Binmaging: Besea_rch Infr_astruc"ture for Imaging Technologies EuBI-Fi EMBL sis. EMBC
in Biological and Biomedical Sciences
European Infrastructure of Screening Platforms for Chemical Biology EU-OS FI EU-OPENSCREEN

The Finnish research infrastructure landscape are very high and therefore their co-financing

Integrated Structural Biology Infrastructure FinStruct Euro-Biolmaging

has been agreed upon at the national level.

With the development of technology and sci-
ence, the role of research infrastructures has
also grown strongly in biotechnology, medi-
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CSC’s Research Infrastructure Services cse EuroHPC JU World War, research in physics and space have  cine and environmental research. Cultural and
Partnership for Advanced Computing in Europe EuroHPC/PRACE Finland IML been some of the strongest builders and users  social research also benefits from extensive,
Finnish Computing Competence Infrastructure Fecl NelC of research infrastructures. With the help of multinational research infrastructures and data

very large and expensive hardware sets, it has resources. Therefore, strategies and roadmaps
Finnish Quantum Computing Infrastructure FiQCl PRACE rviarg i P . i 9 P

been possible to focus on topics that we could for research infrastructures have been pro-
Research Infrastructure for Future Wireless Communication Networks | FUWIRI . . . . . .

not study before. The investment and mainte- duced to support decision-making both in the

Physical sciences, engineering and energy nance costs of such research infrastructures EU and in many countries (Figure 2).
ALD center Finland ALD center Finland CERN
Bioeconomy Infrastructure BIOECONOMY RI EFDA-JET
Finnish National Infrastructure for Light-Based Technologies FinnLight ESA
Accelerator Laboratory of the University of Jyvéskylé JYFL-ACCLAB ESO Milestones in developing Finnish Research Infrastructure ~ Strategy for National
Otaniemi Micro- and Nanotechnology Research Infrastructure OtaNano ESRF H Gtz ez i AL HCEREITE NS IS
_ ' research infrastructure FIR! expert group Finland 20202030
Printed Intelligence Infrastructure Pl FAIR activities 2012-2014
. . Roadmap for
RawMatTERS Finland Infrastructure RAMI ITER RIC recommendation .
L | , National Research-
JHR MTR to launch Rl activities 2011 | Finland’s Strategy and .
Y S Infrastructures in
MAX IV Finland 2021-2024
Infrastructures 2014-2020
Social sciences and humanities Finland’s first
Finland’s Strategy and Roadmapfor
European Social Survey (ESS) ESS Finland CESSDA Rl roadmap 2009 Research Infrastructures 2014-2020
Common Language Resources and Technology Infrastructure FIN-CLARIAH CLARIN (interim review 2018)
Finnish Research Infrastructure for Population Based Surveys FIRI-PBS ESS
Finnish Infrastructure for Public Opinion FIRIPO Finland joins CERN in 1991 ESFRI 2018 roadmap  ESFRI 2021 roadmap
Finnish Social Science Data Archive & CESSDA ERIC's ESD i o )
Finnish Service Provider Finland joins EMBL in 1984 ESFRI 2016 roadmap
Environmental sciences g :
EMBL established in 1974 ESFRI 2010 roadmap
Earth-space research ecosystem E2S EISCAT (+3D)
Finnish Biodiversity Information Facility FinBIF EURO-ARGO ERIC ESO established in 1962 Finland joins ESO ESFRI 2008 roadmap
) in 2004
European Plate Observing System FIN-EPOS GBIF CERN established in 1955 The first ESFRI 2006 roadmap
Finnish Marine Research Infrastructure FINMARI ICDP
:zifssr;tuecq[lﬁtemosphenc and Earth System Science Research INARRI 1C0S - . T .
Figure 2. Stages of the development of research infrastructure activities in Europe and Finland.

Measuring Spatiotemporal Changes in Forest Ecosystem Scandest 10DP
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Diverse impact of research

Infrastructures

Successful scientific breakthroughs and inno-
vations require multidisciplinary and multi-
party cooperation, networking and structures,
such as the development of new types of
research infrastructures. The fast-paced de-
velopment of science and technology today
opens up opportunities for new sustainable
solutions that respond to global challenges.

The services provided by research infrastruc-
tures play an important role, not only in ena-
bling the work of researchers and achieving
scientific results and breakthroughs, but also
in society at large. They play an important

role in promoting digitalisation and achieving
the sustainable development goals, strength-
ening economic renewal and developing edu-
cation (Figure 3).

Today, Finland'’s landscape of research infra-
structures is diverse and largely based on
the needs of high-quality research.

It includes international, national, local and
regional research, development and innova-
tion (RDI) infrastructures (Figure 4).

National

roadmap research
infrastructures

Creativity,
Renewal and
Knowledge

Finland’s
memberships
in international
research
infrastructures

ona

Sustainable

Basis Other
research
infrastructures

Figure 4. Research infrastructures are important for Finnish research, development and innovation activities locally,
regionally, nationally and internationally.

D

Scientific
publications
and research

results

@

International

networks Research

infrastructures

=

Business
collaboration

Training
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Figure 3. Research infrastructures offer diverse services for the development of competence and society.

Provisions on the Finnish Research Infrastruc-
ture Committee are laid down in the Act on
the Academy of Finland. According to the Act,
the task of the Finnish Research Infrastructure
Committee (FIRI Committee) is to monitor
and develop national and international re-
search infrastructure activities, to submit a
long-term plan for research infrastructures to
the Academy Board, to decide on the fund-
ing of research infrastructure projects and to
monitor funded projects, and to take care of
the research infrastructure tasks assigned by
the Academy Board.

Strategy for national research
Infrastructures

A ten-year strategy for national research
infrastructures was published in 2020.The
vision of the strategy is that high-quality
research infrastructure services increase the
impact and international attractiveness of the
Finnish research, education and innovation
system. In order to achieve the vision, the
quality, renewal and competitiveness of re-
search will be promoted, the diverse impact
of research environments will be strength-
ened, and national and international cooper-
ation will be increased through six develop-
ment areas.
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* responsibility and sustainable development
¢ |ong-term perspective and dynamism

¢ ownership and know-how

e digital platforms and data

¢ open access and collaboration

¢ wide and versatile impact.

Based on the strategy, the FIRI Committee
will open roadmap and funding calls and,
together with other actors, develop national
and international research infrastructure ac-
tivities in the coming years.

The research infrastructure has a long lifecy-
cle and includes many different phases from
planning to termination (Figure 5). Lifecycle
thinking requires the ability to understand the
responsibilities of actors and the role of dif-
ferent funding sources at different stages of
the lifecycle. The amount and quality of sup

Development areas in the Strategy for
National Research Infrastructures

port required for the research infrastructure
varies depending on the stage of the lifecycle.

One of the objectives of the strategy term is
to clarify what ownership of research infra-
structures means, what are its characteristics
and which kinds of rights and obligations are
associated with ownership (ownership of
research infrastructures, in Finnish). Research
organisations promote the construction, de-
velopment and maintenance of strategically
important research infrastructures for them
systematically, proactively and in cooperation
with various stakeholders.

e Policy guidelines

Developing cooperation between organisations
Need identified by host organisation

Strategic commitment of host organisation (e.g. 30-50 years)

¢ Monitoring and prioritisation

* Developing and maintaining human resources

PREPARATION 3

]

e Funding to build research infrastructure

—EER—

OPERATION ;I

¢ Planning of
e Concept ¢ Total budget  Ensuring the * Providing dismantling and
development ¢ Procurement: operating budget services poss'_ble_’9|at9d work
¢ Anticipating location, ¢ Establishment of ¢ Maintenance * Termination of
. . employment contracts
usage equipment potential legal e Development o
. ) ¢ Depreciation/sales
* Revenue model ¢ Usability, DATA framework * Upgrading of equipment
* HR policy management e Recruitment « New concept

development

¢ Funding to upgrade research infrastructure

¢ Financing activities through sales of services and through
business collaboration, for example

¢ Long-term funding by host organisation (facilities, personnel and other support)

Long-term funding framework for research infrastructure (e.g. 30-50 years)

DISMANTLING

Figure 5. The lifecycle of a research infrastructure and typical activities related to its phases.
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Research infrastructures are an integral part

of a high-quality, dynamic and internationally
attractive RDI environment. Long-term, diverse
research infrastructure services require a stable
funding base that extends beyond government
terms. Research infrastructures are funded
through various channels, which include, for
example, their host organisations, research
funders, ministries, the EU and the users of re-
search infrastructure services. A stable funding
base requires proactive and versatile revenue
logic and long-term financial planning from

parties maintaining the research infrastructures.

The Strategy for National Research Infrastruc-
tures 2020-2030 addresses the “FIRI funding”
distributed through the Finnish Research Infra-
structure Committee within the framework of
the “Long-term perspective and responsibility”
development area. During the strategy term,
the aim is to produce collaborative models and
incentives to support research infrastructure ac-
tors for long-term but also dynamic technology
and financing solutions as well as for expand-
ing the funding base.The development work
must consider the financial perspectives that
exceed government terms. The FIRI Committee
has published a policy describing the Academy
of Finland’s research infrastructure funding
(FIRI funding, in Finnish)

The primary role of the FIRI Committee in the
funding of research infrastructures is to identify
and select the best research infrastructures that
Finnish RDI activities will need in the next 10

to 15 years.The objective of the Committee’s
research infrastructure funding is to promote
the quality, renewal and competitiveness of
research, strengthen the diverse impact of re-
search environments and increase the amount
of national and international cooperation.The
funding is divided into project type funding
and membership fee funding of international
research infrastructures.

Funding of national research
Infrastructures

In the form of project funding (FIRI funding), the
FIRI Committee supports the construction or
upgrading of research infrastructures by EUR
20 million a year. FIRI funding is not intended
for the running, maintenance or permanent
operating costs of a research infrastructure.The
funding base for the research infrastructures to
be funded must be sustainable and the funding
plan must be long-term. Funding for research
infrastructure should not rely too much on
competitive funding granted by the Academy
of Finland. FIRI funding is always based on
international peer reviews and competition.

No separate portion has been reserved for
international memberships. Additionally, the
Finnish Parliament has granted a total of about
EUR 100 million in one-off funding to research
infrastructures through the Academy of Finland.
These funds have supported Finland’s participa-
tion in EuroHPC activities, and they have con-
stituted targeted support for the construction
and development of national and local research
infrastructures on the basis of the Recovery and
Resilience Plan that is part of the Sustainable
Growth Programme for Finland.

Together with other funders, the FIRI Commit-
tee has funded the national research infrastruc-
tures of the roadmap by a total of EUR 1 billion
between 2015 and 2019. Research organisations
have accounted for more than 60% of total
funding.The estimated total funding need for
the research infrastructures on the roadmap
for 2020-2030 is EUR 2.7 billion (Figure 6).The
Finnish Parliament has also granted the Acade-
my of Finland a funding of approximately EUR
20 million annually to cover membership fees
of certain international research infrastructures.

FIRI funding also supports infrastructure pro-
jects that are not on the national roadmap.They
have laid the foundation for internationalisation
and developed new services for many fields of
research.

Academy of Finland | 13
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Table 2. The table lists 30 international research infrastructures in which Finland is a member by sector (situation in 2021).

The table does not include AnaEE ERIC, which was established in 2022 and to which Finland joined as a founding member. EuroHPC
includes the LUMI supercomputer. (TEM: research infrastructures whose membership fee is paid by the Ministry of Economic Affairs
and Employment; LVM: research infrastructures whose membership fee is paid by the Ministry of Transport and Communications).

M Organisation’s own funding M Academy funding M Other funding

Biosciences and E-research Social sciences Environmental

64% 9% 27%

Physical sciences,

Roadmap Rl total expenditure
(and funding contributions)
2015-2019 €1.08bn

Roadmap Rl total funding
need 2020-2030 €2.7bn

1.2 1.6 2.0 2.4 €2.8bn

health (8) infrastructures and engineering and ener- and humanities (3) sciences (6)
mathematics (4) ay (9)

BBMRI-ERIC EuroHPC JU CERN CESSDA EISCAT (+3D)

Biobanking and European high European Organization | Consortium of European Incoherent

Biomolecular performance for Nuclear Research European Social Scatter Association

Resources Rl computing Science Data Archives

EATRIS IML EFDA-JET CLARIN EURO-ARGO

European Advanced
Translational Research

Mittag-Leffler Institute

Joint European Torus,
TEM

Common Language
Resource and

ERICEuropean
contribution to the

Figure 6. Funding for national research infrastructures is based on co-financing. The data is based on applications from

the national research infrastructures selected for the roadmap.

4. International research

Infrastructure

Finland’s membership in international research
infrastructures is an integral part of the Finnish
landscape of research infrastructures (Table 2).
Finland is currently a member of 30 internation-
al research infrastructures. They provide Finn-
ish scientific and business communities with
the opportunity to use research infrastructure
services that could not be offered by Finnish
means alone. International research infrastruc-
tures are a collaborative platform for interna-
tional RDI activities, and they can be used to
implement cooperation and scientific diplomacy
between different countries. The Academy of
Finland pays most of the membership fees aris-
ing from Finland’s participation in international
research infrastructures.
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memberships

Finland hosts three international research infra-
structures: ICOS, Euro-Biolmaging and LUMI.
ICOS (Integrated Carbon Observation System)
is a research infrastructure for greenhouse gas
observation, Euro-Biolmaging is a biological
imaging research infrastructure and LUMl is a
supercomputer located in CSC'’s data centre in
Kajaani. Upon completion in 2022, LUMI will

be Europe’s fastest and the world’s third fastest
supercomputer. Finland is also prepared to host
the ACTRIS research infrastructure (Aerosol,
Clouds andTrace Gases Research Infrastruc-
ture). ACTRIS produces information on aero-
sols, clouds and trace gases. All the above-men-
tioned research infrastructures have been built
with co-financing from the EU and European
countries.

Infrastructure Technology ARGO Program, LVM
Infrastructure

ELIXIR NelC ESA ESS GBIF

European life science Nordic e-Infrastructure | European Space European Social Global Biodiversity

infrastructure for Collaboration Agency, TEM Survey Information Facility

biological information

EMBL incl. EMBC PRACE ESO ICDP

European Molecular Partnership for European Southern International

Biology Laboratory Advanced Computing Observatory Continental, Scientific
in Europe Drilling Program

EU-OPENSCREEN ESRF ICOS

European
high-capacity
screening network

European Synchrotron
Radiation Facility

Integrated carbon
observation system
(Hosting country)

Euro-Biolmaging
European Research
Infrastructure for
biomedical Imaging
(Hosting country)

FAIR
Facility for Antiproton
and lon Research

10DP
Integrated Ocean
Drilling Program

INFRAFRONTIER
The European
Infrastructure for
phenotyping and
archiving of model
mammalian genomes

ITER

International
Thermonuclear
Experimental Reactor,
TEM

INSTRUCT-ERIC
Integrated Structural
Biology Infrastructure

JHR MTR

Jules Horowitz
Materials Testing
Reactor, TEM

MAX IV
Synchrotron Radiation
Facility
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Number of employees in international

) research infrastructures
International agreements

The operation of national research infrastructures often involves international cooperation as well,
which is usually defined by agreements. Agreements set boundary conditions for ownership and
define ownership objectives. International research infrastructure memberships are based on
agreements between states or organisations. The accession of the State of Finland to an inter-
national research infrastructure takes place by decision of the Government. Finland has joined
international organisations such as CERN, and several European Research Infrastructure Consortia
(ERIC), with a Government decision. Additionally, international research infrastructures are estab-
lished through other agreements in which the parties are, for example, the host organisations of the
research infrastructure, not the State of Finland.

Funding for international research infrastructures consists of membership fees, Member States’
self-financing contributions and external funding, such as EU funding. In Finland, the funding is
organised in cooperation between the parties. The Academy of Finland may undertake to pay

the membership fee (usually for five years at a time) and the organisations hosting the research
infrastructures will bear the other costs in a manner agreed between them. Organisations can also
apply for funding from the Academy of Finland's research infrastructure calls (FIRI) for constructing
or upgrading a research infrastructure. Access to FIRI funding is always based on international
peer reviews and competition, and there is no reserved share for international infrastructures.

2% 172

M Others
M Finns

Figure 7. The number of employees working in the research infrastructures targeted by the survey.

The number stands for the number of employees in 2019.

In spring 2020, the benefits of internation- opment areas of the Strategy for National Re-

al research infrastructure membership for search Infrastructures in Finland 2020-2030.

Finland were mapped out.The survey was Funded projects are used to monitor the de-

prepared in cooperation with the Swedish velopment of competence in research infra-

(Vetenskapsradet) and Dutch (NWO) sister structures operating in Finland. Based on the

organisations of the Academy of Finland.The survey targeted at international research in- Number Of users u A_” DTS

joint survey was sent to research infrastruc- frastructures, research infrastructures employ IR

tures in which each country is a member. more than 7,000 people, of whom approxi- 30M 27,728,544

The survey was used to collect information mately two per cent are Finns (Figure 7). 25,949,959

on personnel, publication volumes, cost M

structure and training offered by the research Research infrastructures are used by both 200 20,590,701 20,963,674

infrastructure. A total of 26 research infra- public and private actors. Users may be indi- — U

structures in which Finland is a member par- viduals or research groups using the service - - -

ticipated in the survey. Data was collected for provided by the research infrastructure physi-

2016-2019. cally on-site or remotely. The service portfolio — 153,328
of most research infrastructures also includes 150,000 |

Based on the survey, research infrastructures the sharing of data. In this case, access is 96.021 106,167

play an important role as employers and cre- registered using, for example, an IP address 100,000 | '

ators of new career paths. The maintenance or login. Based on the survey targeted at in- 63,300

of research infrastructures requires scientific, ternational research infrastructures, they had 50,000

technical, administrative and financial exper- 20-28 million users each year in 2016-2019.

tise. The European Commission has provided The annual number of Finnish users varied

training for research infrastructure personnel, by research infrastructure from 60,000 to Az vl Al Az

including through framework programme 150,000 (Figure 8).

funding. Know-how is also one of the devel-
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Figure 8. Number of users in international research infrastructures in 2016—2019.

Academy of Finland | 17




Ministry of Education, Science and Culture
(Academy of Finland) and Ministry of Eco-
nomic Affairs and Employment finance mem-
bership fees for international research infra-
structures (e.g., CERN and ESA, see alsoTable
1) annually by approximately EUR 40 million.
Finland also promotes the construction of
European High Performance Computing
(EuroHPC) with significant investment.

Table 3 presents Finland-specific key figures
for 24 international research infrastructures.
The data is based on the survey conducted in
2020 in cooperation with the Swedish
(Vetenskapsradet) and Dutch (The Dutch
Research Council NWO) sister organisations
of the Academy of Finland.

h.Roadmap for national

research infrastructures
2021-2024

Table 3. The table lists the membership fees for the international research infrastructures that are paid by the Academy of Finland.

International Finland's Finland'.s “Total income Share_ of mem-

research P proportlon.of frqm member- Total budget pershlp fee

infrastructure fees (€1,000) membership ship fees (€1,000) income from
fees (%) (€1,000)" total budget (%)

BBMRI-ERIC 2016-2019 | 202 3% 7623 9741 78%

CERN 2017-2019 | 40057 1,20% 3220223 3565 260 90%

CESSDA 2016-2019 | 29*(2017-2019) | 0,50% 7768 8343 93%

CLARIN 2016-2018 | 82 3% 3194 3406 94%

EATRIS 2016-2018 | 350 8% 4 206 5122 82%

EISCAT (+3D) 2016-2018 1125 6% 19421 19471 99,70%

ELIXIR 2016-2018 | 232 1,50% 15682 18739 84%

EMBL 2016-2018 | 4290 1,30% 321153 72300 44%

ESO 2016-2019 | 9467 1,20% 815897 895 316 91%

ESRF 2016-2018 | 2431 0,9% 277 146 368 550 71,70%

ESS 2017-2018 | 94 2% 5433 6 166 88%

EU-OPENSCREEN 2018 62 7% 948 1114 85%

Euro-Biolmaging 2019 0 0% 617 617 100%

FAIR 2016-2019 | 23* (only 2019) | 0,01% 641746 642 388 99,90%

GBIF 2016-2019 | 269 N/A N/A N/A N/A

ICDP 2016-2019 104 0,80% 12 872 14 654 88%

ICOS 2017-2018 | 139 0,50% 29631 48 984 60%

IML 2018 50 5% 1043 1661 63%

INFRAFRONTIER 2018-2019 | 61 N/A N/A N/A N/A

Instruct-ERIC 2016-2019 | 79 2% 3503 4 256 82%

I0DP 2016-2019 | 279 0,50% 61782 104 333 59%

MAX IV 2017-2019 | 729 0,70% 111282 111756 99,60%

NelC 2016-2018 | 1096 N/A N/A 13735 N/A

PRACE 2016-2019 | 611 N/A N/A N/A N/A
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Based on the Strategy for National Research
Infrastructures in Finland 2020-2030, the
Academy of Finland opened a roadmap call

in 2020. The roadmap for national research
infrastructures is part of the measures in the
National Roadmap for Research, Develop-

ment and Innovation (RDI) and it contributes

to supporting the new partnership model.

29 research infrastructures were selected for
Finland’s national roadmap for 2021-2024.
When making roadmap decisions, the expect-
ed impact of the research infrastructure on
national and international research infrastruc-

ture activities and national perspectives were
considered, for example in the development
areas mentioned in the Strategy for National

Research Infrastructures in Finland 2020-

2030. In addition to strategic development
objectives, the decisions were also based on
the results of international peer reviews, the
strategic commitment of research organisa-
tions and the statements of the Academy of
Finland’s scientific committees.

The research infrastructures selected for
the roadmap are located in several different
branches of science (Figures 9 and 10).
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Figure 9. A word cloud created based on the branches of science designated by research infrastructures. They could name 1to 5
branches in the application. Although some broad fields, such as chemistry or ecology, are generally represented in the scientific
spectrum of research infrastructures, the roadmap'’s research infrastructures also support a wide range of different branches of

science in Finland.
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Ten of the research infrastructures selected
for the roadmap are in the construction or
start-up phase and 19 are in the operational
phase (Figure 11).Ten of the national roadm-
ap research infrastructures belong to inter-
national research infrastructure networks in
which Finland is a member at the state level.

Cooperation between research infrastructure
owner organisations increased during the
roadmap term 2014-2020.The 32 research
infrastructures on the roadmap published in
2014 were owned by 25 different research or-
ganisations, while the 29 research infrastruc-
tures of the current roadmap are owned by
30 research organisations (Figure 12).

Figure 10. The roadmap’s research infrastructures are placed in the figure based on the research field data listed in the roadmap
application. They could name 1 to 5 branches in the application. The more research areas two research infrastructures have in

common in their roadmap applications, the closer the research infrastructures are to each other in the figure. When interpreting
distances, it should be noted that the sample size is 29. The image is therefore only indicative.
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Operation

Roadmap 2014-2020
32 research infrastructures

25 RESEARCH ORGANISATIONS

10 universities

7 research institutes

5 university hospitals/
hospital districts

3 other organisations

Roadmap 2021-2024
29 research infrastructures

29 RESEARCH ORGANISATIONS

10 universities

8 research institutes

6 university hospitals/
hospital districts

6 other organisations

Figure 11. The roadmap’s research infrastructures broken down by lifecycle phase. The research infrastructures have
themselves defined their lifecycle phase in the roadmap application.
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When examining the number of connections
between research organisations, there is a
significant increase in connections between
roadmap terms, while there are five more
owner organisations of research infrastruc-
tures (Figure 13). When examining the num-

Figure 12. The number of organisations owning research infrastructures has increased even though the number
of research infrastructures on the roadmap has decreased.

ber of organisations, it is also a good idea to
consider changes in their structures, such as
the merger of the University of Tampere and
the Tampere University of Technology.
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Figure 13. Connections between research organisations have increased. The thicker the line, the more research infrastructure

ownerships they share. An arched line indicates that the organisation has a research infrastructure that it owns alone. Host organi-
zations are marked with a blue box. (The Finnish Geodetic Institute, GL, merged with the National Land Survey of Finland, MML, 2015.)
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Figure 14. The impact of research infrastructures extends to many sectors of society in the long term.

The roadmap’s research infrastructures have
a diverse impact as an enabler of high-qual-
ity science and business cooperation, as a
provider of education and as a promoter of
international cooperation (Figure 14). The ap-
plication material shows that research infra-
structures are used to produce approximately
7,000 scientific articles annually in Finland.
The number of users of the roadmap research
infrastructures varies from 100 users to thou-
sands per year.The number of users of an
individual research infrastructure depends on
the nature of the research infrastructure and
the stage of its lifecycle.

Several roadmap research infrastructures
organise training for their users in order to
make the use of the infrastructure more effi-
cient. Also, they are often partners in Finnish
and foreign higher education institutions
and are part of higher education degree pro-
grammes and projects. They also provide
training and educational materials online
and provide courses for secondary schools in
areas related to the operation of the research
infrastructure.

Approximately 50% of the roadmap’s re-
search infrastructures have significant busi-
ness cooperation. Research infrastructures
implement business cooperation roughly

in two ways: companies use research infra-
structure services either directly or indirectly
through research cooperation, or companies,
in particular start-ups, rely on the technolo-
gies offered by research infrastructures.The
largest research infrastructures engaged in
business cooperation are located in the fields
of life sciences, medicine, data and comput-
ing sciences and physical sciences. These cor-
porate partnerships involve several hundred
companies each year, ranging from large
international companies such as Stora Enso
Oyj, UPM-Kymmene Oyj, AstraZeneca plc,
Bayer AG, Dell Inc. and Vaisala Oyj, to start-up
companies established in Finland, such as
Bluefors Oy, Herantis Pharma Oyj, Infinited
Fibre Company Oy and RECENART Oy.

Research infrastructures play an important
role in achieving national and international
carbon neutrality objectives. Monitoring
climate change and environmental diversity
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