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1. Introduction
1.1. RIS3 as transformative research and innovation agendas
Research and innovation strategies for smart specialisation (hereafter, RIS3) are
transformative research and innovation agendas characterised by the following
elements:
- Selection of a limited number of priorities established according to international
specialisation and the strengths of the territory.
-

Strengthening of competitive advantages and adaptation of R&D&I capacities to the
needs and capacities of the business fabric in the territory.

- Critical mass of resources and talent.
- Intersectoral and interregional cooperation aimed at stimulating specialised
diversification and avoiding duplication and fragmentation.
- Collaborative leadership, which implies active participation in the innovation system
formed by government, research and innovation players, companies and civil
society, as well as generating synergies with different sources of funding (European,
State, regional and local, and public and private).
These transformative agendas are articulated through what is known as
“entrepreneurial discovery processes”, that is to say, bottom-up approaches in which
government, companies, research and innovation players and civil society identify
areas of specialisation in the territory and then design and implement programmes,
actions and projects to strengthen them.

1.2. RIS3CAT specialisation
RIS3 Catalonia 2014-2020 (hereafter, RIS3CAT) identifies three vectors that guide the
transformation of the Catalan economy: industrial tradition, quality of life, and green
economy. It also identifies seven sectoral areas in which Catalonia has competitive
advantages, critical mass and future opportunities (see Graph 1):
- Food and drink
- Energy and resources
- Industrial systems
- Design-based industries
- Industries related to sustainable mobility
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- Health industries
- Cultural and experience-based industries
The seven areas established are deliberately broad, industry in Catalonia is highly
diversified (there is no single clearly predominant sector) and is, as in all other
developed countries, ever-more interrelated with production services. Moreover,
Catalonia has competitive advantages in such service sectors as tourism, health and
culture, which are key to the smart specialisation strategy.
RIS3CAT specialisation is defined by an open and progressive process of specification:
through their decisions, stakeholders in the Catalan research and innovation system
define the subareas of specialisation in which Catalonia has competitive advantages
and is well-positioned in Europe. This approach is aligned with that of the European
Commission, according to which RIS3 strategies should not select sectors, but should
support the development of bottom-up initiatives by players in the research and
innovation ecosystem, often at the subsector or intersectoral level. RIS3 should work to
prevent top-down policies from restricting actors and themes; they should facilitate the
generation and consolidation of emerging activities and players that respond to the
dynamics of the system.

Graph 1. RIS3CAT sectoral areas and vectors of transformation

Source: The Authors.
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Initially, when RIS3CAT 2014-2020 was designed, the plan was to analyse the process
of progressive specification of smart specialisation in Catalonia based on instruments
and projects included in the RIS3CAT Action Plan. However, it soon became clear that
projects funded by the Horizon 2020 programme should also be included, as this
programme is the main source of financing for R&D&I projects in Catalonia, particularly
in the public sector. Accordingly, including these projects in monitoring smart
specialisation is key to analysing the position occupied in Europe by players in the
Catalan R&D&I system.

1.3. Monitoring RIS3CAT specialisation
As established in the document RIS3CAT Monitoring System, RIS3CAT specialisation
monitoring is based on information provided by the Platform for Mapping the Smart
Specialisation of Catalonia (RIS3-MCAT Platform). The RIS3-MCAT Platform is an
interactive web tool that enables exploration of interrelations between Catalan entities
that collaborate in research and innovation projects financed by European funds: it selfdetects networks of innovative communities in Catalonia and can filter these networks
by sector, technology, programme, instrument, type of organisation, keyword and
Sustainable Development Goal (hereinafter, SDG).

1.4. Objectives and structure of the report
Based on data provided by the RIS3-MCAT Platform, this report analyses the
contribution of European funds to the sectoral, technological and thematic
specialisation of the Catalan research and innovation system and to the SDGs in
Catalonia. The aim is to provide new knowledge with regard to:
- Understanding the impact of European funds on the specialisation of the Catalan
research and innovation ecosystem, in terms of both sectoral and technological
specialisation and detecting emerging activities.
- Identifying opportunities aimed at maximising the collective impact of research
and innovation in Catalonia through synergies and the coordination of efforts.
- Generating new evidence that can facilitate decision-making by players in the
research and innovation ecosystem of Catalonia, promoting new collaboration
dynamics and inspiring new public policies.
- Raising the profile of Catalan entities that participate in European research
and innovation networks.
- Understanding how European funds contribute to the generation of innovative
solutions to societal challenges (SDGs).
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The analysis is conducted through three complementary approaches, described in the
following sections:
- Section 2 focuses on analysis by sectoral area.
- Section 3 centres on RIS3CAT enabling technologies.
- Section 4 presents an analysis by topic based on the topic modelling technique.
- Section 5 describes projects in the Catalan R&D&I ecosystem included in the
RIS3-MCAT Platform and linked to the SDGs.

1.5. Methodological note
The analysis presented in this report is based on texts contained in the proposals
forprojects included in the RIS3-MCAT Platform at 1 December 2019 (484 projects for
RIS3CAT instruments and 2,083 Horizon 2020 programme projects; see Table 1).
The report does not, therefore, represent all R&D&I activity in Catalonia and may
contain certain biases. The most significant limitations to the analysis concern the
private sector, since in this case a large proportion of R&D&I activities are conducted
using company equity or support from State calls for proposals, which are not included
in this report. In short, then, the patterns of specialisation detected in this analysis
respond, above all, to the prioritisation made in Horizon 2020 calls for proposals.
The RIS3-MCAT Platform enables users to explore in detail the topics, institutions and
partnerships presented in aggregate form in this report.

Table 1. Object of analysis
Financed by RIS3CAT instruments
(495 participants; 417.89 MEUR investment)

Number of
projects

Territorial projects (PECT)

145

Technology clusters

135

RIS3CAT communities

68

Knowledge industry (seed)

41

Knowledge industry (product)

31

R&D&I infrastructures

20

Public procurement of innovation

19

Knowledge transfer (OTRI)

16

Emerging technology clusters

9
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Financed by Horizon 2020 programmes
(734 participants; 1,241.54 MEUR investment)

Number of
projects

Marie Skłodowska-Curie Actions (MSCA)

470

LEIT - ICT

285

Innovation In SMEs

249

European Research Council (ERC)

167

Societal Challenges - Health

167

Societal Challenges - Transport

145

Societal Challenges - Climate

116

Societal Challenges - Energy

113

Societal Challenges - Food

94

Industrial leadership (no sub-programme specified)

83

Societal Challenges (no sub-programme specified)

82

Research Infrastructures (RIs)

80

Future and Emerging Technologies (FET)

70

Societal Challenges - Secure societies

55

Societal Challenges - Europe in a changing world

53

LEIT - Advanced manufacturing and processing

51

LEIT - Space

48

LEIT - Nanotechnologies

41

LEIT - Advanced materials

38

Science with and for Society

29

LEIT - Biotechnology

17

Euratom

10

Widening actions

6

Access to risk finance

1

Note: the total of projects under Horizon 2020 programmes is greater than the total number of
projects because calls for proposals may be belong to more than one programme.
Source: RIS3-MCAT Platform (1 December 2019).
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This section is devoted to analysing the sectoral specialisation of R&D&I projects
financed by European funds included in the RIS3-MCAT Platform.
The analysis is based on the classification of projects according to the sectoral areas
on which RIS3CAT focuses: food and drink, energy and resources, industrial systems,
design-based industries, sustainable mobility-related industries, health, and cultural
and experience-based industries. It should be noted, however, that projects can be
classified in more than one sectoral area.

2.1. Distribution of investment by sectoral area
Graph 2. Investment in projects by sectoral area (MEUR)

Source: The Authors.
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Specialisation by sectoral area, which is measured according to distribution of
investment (see Graph 2), is concentrated mainly in the fields of the health industries
and energy and resources, which account for three to four times more investment
than the third-most important field in the ranking (sustainable mobility industries).
These are followed at some distance by cultural and experience-based industries
and design-based industries.
Significant investment is also made in projects not classified by sectoral area. In this
case, nearly half the projects (380) are in the ICT sector; approximately one-third,
in non-applied research into enabling technologies; and, finally, another third, in
cross-cutting fields or sectors where provisions are not made for sectoral specialisation
as defined by RIS3CAT .
The sectoral areas with the greatest relative weight in RIS3CAT calls for proposals are
design-based industries, industrial systems, cultural and experience-based industries
and food and drink. On the other hand, the fields of energy and resources, sustainable
mobility industries and cultural and experience-based industries have the least relative
weight in Horizon 2020 calls for proposals.

2.2. Distribution of investment by sectoral area and type of entity
The RIS3-MCAT Platform also enables analysis of the data according to type of entity:
university, research centre, company, public administration or other.
When projects are classified by type of entity (see Graph 3), it is observed that the
order of the sectoral areas changes. As regards companies, the fields of energy and
resources and sustainable mobility industries have the most relative weight. On the
other hand, the number of projects not assigned to a sectoral area falls significantly
(69 MEUR out of a total 414 MEUR, representing 17% of investment in projects).
This clearly shows that the R&D&I projects launched by companies tend to be more
applied in nature. Most of these projects are in the field of ICT and market and
business innovation.
Sustainable mobility industries is the only area in which total investment by companies
is greater than in the knowledge sector (universities and research centres). This is due,
no doubt, to the importance of this sector in the Catalan industrial structure and to its
dynamic activity in the field of research and innovation.
In the case of the public administration, the leading areas, by volume of investment,
are health industries, and energy and resources while, in relative terms, cultural and
experience-based industries and design-based industries head the ranking.
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Graph 3. Investment in projects by sectoral area and type of entity (MEUR)

Source: The Authors.

2.3. Distribution of projects by sectoral area
Analysis of projects classified in more than one sectoral area (see Graph 4) shows
that these R&D&I projects cannot be defined by sector. The reason for this —as is
discussed later— is that projects are often designed to respond to complex societal
challenges that affect multiple sectors.
Energy and resources is the field that presents the most projects classified in more
than one sector, demonstrating the cross-cutting nature of efforts to achieve
sustainability in the use of resources and the transformation of production sectors
towards green energy and energy efficiency. Particularly significant in meeting these
challenges are activities in the fields of food and drink (89 projects), industrial systems
(80 projects) and sustainable mobility industries (52 projects).
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Other important multisectoral niches include pairings between industrial systems
and sustainable mobility industries (47 projects) and between food and drink and health
industries (34 projects).
Although design-based industries account for low relative weight, this sector makes
an important contribution to the other sectoral areas, particularly industrial systems
(25 joint projects), cultural and experience-based industries (16 joint projects) and
energy and resources (15 joint projects).

Graph 4. Number of projects classified in more than one sectoral area

Source: The Authors.
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This section is devoted to analysing the technological specialisation of R&D&I projects
financed by European funds included in the RIS3-MCAT Platform.
The analysis is based on the classification of projects in the key cross-cutting enabling
technologies established in RIS3CAT: ICT, nanotechnology, photonics, advanced
materials, biotechnology, and advanced manufacturing technologies.

3.1. Distribution of investment by enabling technology
Graph 5. Total investment in projects by enabling technology (MEUR)

Source: The Authors.
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As Graph 5 shows, specialisation in enabling technologies, which is measured
according to distribution of investment, is concentrated to a large extent in ICT.
Enabling technologies are present in projects that account for total investment
of 727 MEUR. This illustrates the cross-cutting importance of ICT in research
and innovation processes. Other leading areas in this respect are the fields of
biotechnology (299 MEUR), advanced materials (242 MEUR), and advanced
manufactured materials (210 MEUR).
Projects not linked to any enabling technology, which represent total investment of
496 MEUR, are concentrated in such areas as public policies, clinical research, R&D&I
ecosystems and value chains.

3.2. Distribution of investment by enabling technology and type of entity
Graph 6. Investment in projects by enabling technology and type of entity
(MEUR)

Source: The Authors.
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By type of entity (see Graph 6), ICTs are the main enabling technology for companies.
Compared to specialisation in the knowledge sector (universities and research
centres), investment in companies engaged in advanced manufactured materials,
advanced materials and biotechnology is particularly notable.
Most companies’ projects are financed by Horizon 2020. The only technologies
in which RIS3CAT financing is significant are ICT and biotechnology, although in both
cases the Horizon 2020 funding is much higher.
There is significant concentration of ICT activities in the public administration sector.
In this area, many projects are not classified by technology; rather, they are mainly
projects in the fields of health (31 MEUR), energy and resources (29 MEUR), and
sustainable mobility industries (17 MEUR), presented mainly in the areas of clinical
research and innovation in public policy.

3.3. Distribution of projects by enabling technology
As regards the correlation between enabling technologies and sectoral areas, Graph 7
demonstrates the cross-cutting nature of ICTs, for which values are high in all sectoral
areas.
Biotechnology contributes mainly to the area of health industries and, in second place,
to those of food and drink and energy and resources.
Advanced materials have the greatest presence in energy and resources, industrial
systems and health industries.
Advanced manufactured materials are rather cross-cutting in nature, presenting a clear
intersection with industrial systems and energy and resources.
Nanotechnology and photonics have the largest proportion of projects not classified
by sector, although the fields in which nanotechnology contributes most are health
industries and energy and resources.
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Graph 7. Number of projects by enabling technology and sectoral area

Source: The Authors.
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With the aim of identifying the thematic specialisation of R&D&I projects financed
by European funds in Catalonia, this section presents the results of analysing topics
concerned with research and innovation projects under the RIS3-MCAT Platform.
Unlike the analyses in the two previous sections, in which the projects were classified
according to predefined categories (sectoral areas and RIS3CAT cross-cutting
enabling technologies), in this case the topic modelling technique is used to identify
the themes into which projects can be classified, based on the textual content of their
descriptions.

4.1. Identification of topics
Topic modelling, a natural language processing and machine learning technique,
permits the automatic identification of topics from a series of texts. The main purposes
of this technique are:1
- To identify the topics in a series of texts based on the relative weight of the words
they contain.
- To automatically classify texts according to the topics identified.
- To help understand the thematic content of the texts.
This is why topic modelling is a useful tool for analysing the themes that appear in the
textual content (titles and descriptions) of thousands of research and innovation
projects integrated in the RIS3-MCAT Platform.
This analysis was conducted using the latent Dirichlet allocation model,2 one of the
methods most widely employed.
As Graph 8 shows, the result of topic modelling is a list of the main words that tend
to appear together in textual content and represent an abstraction of the semantic
content of the topic itself. This word set is manually assigned a descriptive tag that
represents the whole body of words, the topic. For example, the following words
are allocated under “biomedical cancer research”: cancer, clinical, patient, treatment,
tumour, therapeutic, cell, disease, breast, trial, preclinical, vitro, antibody, inhibitor,
gene, mouse, death, CRC, molecular and protein.

GRIFFITHS, T. L.; STEYVERS, M. “Finding Scientific Topics”. Proceedings of the National Academy of
Sciences, no. 10, supplement 1 (2004), pp. 5228-5235.
1

BLEI, D. M.; NG, A. Y.; JORDAN, M. I. “Latent Dirichlet Allocation”. Journal of Machine Learning Research,
no. 3 (2003), pp. 993-1022.
2
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Graph 8. Process of the automatic identification of topics and manual tagging

Source: The Authors.

This entire process is conducted in an iterative way and with human supervision
to identify and remove proper nouns, acronyms, words with little significance and highly
cross-cutting terms from the topics.
It is important to stress that the connection between the documents and the themes
generated by topic modelling is notunivocal. Accordingly, documents are not linked
exclusively to a single topic; they may belong to different topics to varying degrees,
according to the presence of words from the topic in their textual content. To assign
projects to topics, a threshold is defined for the relative weight of the words for each
topic in the textual content.
The main advantages of topic modelling compared to other methods, such as the use
of taxonomic classification and keyword ranking, are as follows:
- The topics emerge from the language used by specialists (scientists, engineers,
technicians, policy makers, project managers, etc.), following a bottom-up logic.
- The process enables the identification of cross-cutting concepts, which contribute
to multiple topics.

18

4. Thematic specialisation

- The technique allows polysemy, so that words can have different meanings
in unrelated topics. For example, solar cell and cancer cell.
- The relationships between the various topics have varying degrees of intensity,
which enables partial overlap.
On the other hand, topic modelling has limitations, among them the following:
- It is difficult to extract topics and groups of topics from projects that are very different
from each other, both in terms of themes and objectives and the characteristics and
quality of the writing of the texts.
- The words that are generated in a topic are not always consistent. Sometimes they
belong to different fields, and the topic includes words with little meaning or
relatively unrelated subtopics.
- The manual tagging process can lead to an interpretive bias of the topics identified
automatically. Moreover, the topic tags are reductionist as regards the content of the
topics detected.
The application of the topic modelling technique to all the texts of the projects included
in the RIS3-MCAT Platform (titles and descriptions), enabled the identification
of 30 topics. Of these, 4 were discarded as highly transversal or unclear in nature. The
remaining 26 topics were manually tagged and classified into 9 groups, taking into
account the similarities between each and the RIS3CAT sectoral areas (see Table 2).
The nine groups are:
1. Health
2. ICT
3. Science, engineering and materials
4. Energy, resources and environment
5. Agri-food and forest management
6. Sustainable mobility and navigation systems
7. Culture and audiovisuals
8. Governance and social cohesion
9. Research policies

19

4. Thematic specialisation

Table 2. Tags and main keywords for the topics identified
Groups of topics

Topics

Keywords

1. Health

- Health research

patient, health, disease, clinical, treatment,
treatment, disorder, life, trial, personalised,
child, chronic, cohort, biomarkers, brain,
prevention, data, exposure, age and heart

- Health policies
(treatment,
personalised
medicine, prevention
and environmental
factors in health)
1. Health

- Life sciences
(genomics)

cell, molecular, disease, gene, human,
genome, protein, dna, biology, cellular,
pathway, mutation, genomics, rna, network,
computational, chromatin, sequence,
differentiation and data

1. Health

- Biomedical cancer
research

cancer, clinical, patient, treatment, tumour,
therapeutic, cell, disease, breast, trial,
preclinical, vitro, antibody, inhibitor, gene,
mouse, death, crc, molecular and protein

1. Health

- Neuroscience

brain, robotics, human, video, motor,
factory, motion, hbp, rehabilitation,
stimulation, perception, neuroscience,
manipulation, laser, consciousness,
microscope, eye, arm, gamut and lift

- Technologies for
rehabilitation

1. Health

- Infectious diseases

infection, vaccine, antibiotic, virus, disease,
bacteria, hiv, bacterial, pathogen, meat, pig,
circuit, vector, health, market, philtre,
sesame, human, species and death

1. Health

- Bioengineering and
medical equipment

patient, bone, surgery, treatment,
haemodialysis, clinical, implant, dialysis,
patch, regeneration, surgeon, nerve, graft,
app, biomaterials, kidney, cell, scaffold,
biomaterial and replacement

2. ICT

- High-performance
computing

hpc, exascale, compute, computational,
code, energy, hardware, memory,
processor, prace, parallel, weather,
industry, resource, supercomputing,
runtime, scalable, pop, workload and
mathematics

- Hardware

2. ICT

- Big Data
- Omics

data, big-data, resource, life, datasets,
legal, eosc, esfri, collection, privacy,
environment, interoperability, cohort,
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Groups of topics

2. ICT

Topics

Keywords

- Open data and open
science

archive, portal, twin, bioinformatics, gdpr,
connect and Canada

- Security and
cybersecurity

privacy, online, lea, threat, blockchain, trust,
internet, legal, attack, crime, cybersecurity,
terrorist, prevention, news, practitioner, law,
identity, pcp, ppi and forensics

- Privacy
2. ICT

- Wireless and optical
networks

network, wireless, antenna, internet, traffic,
node, satellite, transmission, resource,
radio, cell, latency, sdn, slice, backhaul,
cellular, nfv, orchestration, g-network and
enterprise

2. ICT

- Terrestrial
observation and
remote sensing

observation, earth, data, satellite, network,
fire, disaster, tourist, copernicus, dust,
emergency, hazard, tourism, weather,
sentinel, resilience, geo, soil, destination
and heritage

- Resilience to climate
change and
disasters
3. Science,
engineering and
material

- Materials applied to
industry and the
energy transition

material, cell, electronics, energy, solar,
battery, additive, coating, printing, glass,
film, polymer, bio, steel, ink, automotive,
industry, nanomaterials, substrate and life

3. Science,
engineering and
material

- Design, simulation
and mechanical
engineering (energy
production, vehicles,
materials, etc.)

wind, turbine, engine, aircraft, injection,
mould, noise, condition, thermoplastic,
energy, weight, aerospace, fluid,
underwater, combustion, farm, dry, particle,
tube and material

3. Science,
engineering and
material

- Physics and
materials
(nanotechnology,
photonics, quantum
physics, graphene,
accelerators, etc.)

quantum, laser, material, matter, graphene,
photon, electron, particle, mine, spin,
energy, optic, atomic, atom, detector,
nanoscale, beam, charge, chip and
frequency

3. Science,
engineering and
material

- Chemistry and
applied materials
(catalysis,
pharmaceutical
industry, etc.)

catalyst, chemistry, pharmaceutical,
catalysis, enzyme, computational,
molecular, micro, gold, synthetic, material,
compound, condition, benchmark, industry,
activation, acid, fragment, photo and
oxidation

4. Energy, resources
and environment

- Energy transition
(production,

energy, electricity, solar, grid, renovation,
market, energy-efficiency, district, heating,
renewable-energy, poverty, household,
pump, investor, penetration, energy-
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Groups of topics

Topics
distribution and
efficiency)

4. Energy, resources
and environment

- Resource
management
- Waste treatment and
use

Keywords
consumption, comfort, utility, financing and
fossil
treatment, energy, material, wastewater,
bio, sustainable, resource, conversion,
protein, industry, separation, pollutant,
biomass, drinking, stream, groundwater,
eco, nutrient, reactor and concentration

- Biotechnology
4. Energy, resources
and environment

- Environmental
governance and
management
- Blue economy

urban, marine, ocean, sea, sustainable,
land, governance, observatory, fish,
aquaculture, restoration, neighbourhood,
link, air-pollution, municipality, follower,
nexus, local-community, wave and pollutant

5. Agri-food and
forest management

- Use of forest
resources

forest, tree, ingredient, biomass, fruit, trait,
release, acid, odour, honey, compound,
cork, edible, colour, wood, fat, forestry,
freshness, antioxidant and bottle

5. Agri-food and
forest management

- Agriculture and
livestock farming

farm, crop, farmer, agriculture, feed, land,
soil, drought, variability, farming, livestock,
specie, rice, dairy, condition, cattle, atlantic,
nutrient, silo and predictability

6. Sustainable
mobility and
navigation systems

- Vehicles and
sustainable mobility
and logistics
systems

road, urban, rail, traffic, car, logistics,
transportation, accident, automotive,
railway, fusion, freight, parking, passenger,
truck, charge, bicycle, battery, and motor

6. Sustainable
mobility and
navigation systems

- Satellite navigation
systems (airspace,
maritime space,
traffic and
emergencies)

iot, gnss, aviation, navigation, port, ship,
vessel, galileo, egnss, aircraft, emergency,
atm, flight, admission, receiver, maritime,
traffic, sea, accuracy and rescue

7. Culture and
audiovisuals

- Audiovisuals and
multimedia

music, language, audio, child, game,
teacher, reality, emotional, video, disability,
multimodal, voice, online, literacy, speech,
person, human, artist, young-people and
creative-industry

- Technologies for
creativity and
inclusive education
7. Culture and
audiovisuals

- Humanities
- Cultural heritage

heritage, history, art, identity, landscape,
human, latin, material, conservation,
gender, rock, archaeology, sugar, terrace,
language, mediaeval, woman, political, age
and demographic
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Groups of topics

Topics

Keywords

8. Governance and
social cohesion

- Global governance
and social cohesion
(globalisation,
economy, migration,
conflict, inequality,
labour market, etc.)

political, gender, conflict, crisis, migration,
labour, justice, inequality, woman, migrant,
equality, survey, tax, shock, governance,
trade, welfare, firm, capital and reform

9. Research policies

- Responsible
research and
innovation

governance, rri, maker, dialogue,
participatory, uncertainty, co-creation,
practitioner, infrafrontier, integrity,
roadmaps, text, curriculum, dsi, translation,
cluster, economics, foster, nanotechnology
and fertilisation

Source: The Authors.

The four topics identified automatically and discarded were:
- One topic that includes unconnected words (photonics, shop, coffee, fiware, crg,
award, cluster, aha, ibec, embl, member-state, hipeac, science-shop, cnap,
compute, scishops, iberital, corporates, een and age).
- Two topics that include very different sectors:
- Textiles, fashion and medical equipment (textile, needle, certification, galaxy,
nodule, fashion, survey, cps, fabric, assurance, biopsy, gaia, lesion, yarn, error,
material, vic, sport, ultrasound and smartx).
- Biomedicine, physics and computing (cad, woman, sensitivity, ischemia, damage,
market, colour, computational, early-detection, microwave, geometry, lighting,
specificity, amd, colonoscopy, polyp, usefulness, screening, laser and violence).
- One cross-cutting topic with words that are present in many projects (market,
industry, network, business, data, environment, sustainable, resource, life, human,
condition, ict, health, art, material, energy, intelligence, authority, main-objective and
form).
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4.2. Distribution of investment by topic
Graph 9. Investment in projects by topic (MEUR)

Source: The Authors.
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Analysis of the total investment in the projects classified according to the 26 topics and
9 topic groups (see Graph 9) shows that the group with the greatest investment is
health, which includes basic research (for example, life sciences), applied research,
(for example, bioengineering and medical equipment) and health policies (health
research, personalised medicine, treatment, prevention, environmental health factors
and so on).
The second-most important topic group by volume of investment is ICT, which has
a high degree of diversity of research and application topics, in terms of both software
and hardware and networks. The greater part of funding comes from the Horizon 2020
programme.
In third and fourth place are two groups closely linked to the energy transition: firstly,
the group of topics related to science and engineering, both basic and applied, in the
fields of physics, chemistry, materials, and industrial systems; and, secondly, the group
related to energy, resource management, environment management and the blue
economy.
These are followed by the agri-food and forest management topic groups and the
group related to sustainable mobility and satellite navigation systems.
Finally, there are two topics identified automatically that cannot be clearly classified
under any other topic. These are: global governance and social cohesion
(globalisation, economy, migration, conflict, inequality, employment market, etc.);
and responsible research and innovation. However, it should be noted that the latter
is often linked to topics related to health and energy.
As regards the relative balance between the two sources of funding included in the
RIS3-MCAT Platform (Horizon 2020 and RIS3CATinstruments), there is an unequal
contribution to the different topics automatically identified.
The topics with the most relative support from Horizon 2020 are:
- Global governance and social cohesion (globalisation, economy, migration, conflict,
inequality, employment market, etc.)
- Humanities and cultural heritage
- Big Data, omics, and open data and open science
- Chemistry and applied materials (catalysis, pharmaceutical industry, etc.)
- Governance and environment management, and blue economy
- Life science
- Security and cybersecurity, and privacy
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- Biomedical cancer research
- Audiovisuals and multimedia, and technologies for creativity and inclusive education
- Wireless and optical networks
- High-performance computing and hardware
The topics with most relative support from RIS3CAT are:
- Design, simulation and mechanical engineering (energy production, vehicles,
materials, etc.)
- Bioengineering and medical equipment
- Use of forest resources
- Applied materials in industry and the energy transition
- Terrestrial observation and remote sensing, and resilience to climate and disasters
- Neuroscience and technologies for rehabilitation
- Health research and health policies (treatment, personalised medicine, prevention
and environmental factors in health)

4.3. Distribution of investment by topic and type of entity
By type of entity (see Graph 10), projects launched by companies focus on the
following topics: vehicles and mobility systems and sustainable logistics in the mobility
and navigation group; and energy transition and resource management, waste
treatment and use, and biotechnology in the energy, resources and environment group.
The volume of investment in company projects is higher than that for projects in the
knowledge sector (universities and research centres) in the case of the following topics:
vehicles and mobility systems and sustainable logistics; bioengineering and medical
equipment; energy transition; and satellite navigation systems.
Some of these topics, more closely linked to the business world, share groups with less
applied topics. Among these, the participation of the knowledge sector higher. They
are: life sciences; Big Data, omics and open data and open science; design, simulation
and mechanical engineering; and chemistry and applied materials.
The public administration is very active in certain topics concerning health, largely
through the participation of public hospitals.
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Graph 10. Investment in projects by topic and type of entity (MEUR)

Source: The Authors.

4.4. Distribution of sectoral areas by topic
This section is devoted to analysis of links between the topics identified and the
RIS3CAT sectoral areas and enabling technologies (see Graph 11).
The largest and most diverse area in RIS3CAT is energy and resources, which
includes both sectoral (energy production, water, etc.) and horizontal (energy
transition) topics. This area also has strong links to topics in the agri-food and forest
management group.
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Graph 11. Intersection between sectoral areas and topics (number of projects)

Source: The Authors.

The health industries form a highly compact area thematically, although interesting
interdisciplinarities or intersectionalities are observed in them. These include such
intersections as:
- The topic of infectious diseases and the field of food.
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- The topic of neuroscience and technologies for rehabilitation, and the field
of industrial systems (probably because of robotics).
- The topic of Big Data, omics and open data and open science, and the field
of health.
- The topic of security and cybersecurity and privacy, and the field of health.
- The topic of chemistry and applied materials (catalysis, pharmaceutical industry,
etc.), and the field of energy and resources.
Cultural and experience-based industry projects are concentrated in the topic of
audiovisuals and multimedia, technologies for creativity and inclusive education and
the topic of humanities and cultural heritage; but they also have strong links with the
topic of terrestrial observation and remote sensing (probably due to the use of satellite
positioning and mapping in applications aimed at tourism and culture).
Sustainable mobility industry projects are concentrated in the topics of vehicles and
sustainable mobility and logistics systems, and satellite navigation systems (airspace,
maritime space, traffic and emergencies). There is also a significant group of projects
classified under the topics of applied materials in industry and the energy transition,
and design, simulation and mechanical engineering (energy production, vehicles,
materials, etc.).
Projects involving industrial systems are highly cross-cutting and are distributed among
a large diversity of topics. Particularly significant are the intersections with the topics
of applied materials in industry and the energy transition, and design, simulation and
mechanical engineering (energy production, vehicles, materials, etc.).
Finally, projects not classified by sectoral area are concentrated in the following topics:
-

All the topics that form the ICT group, due to their application in the ICT sector
strictly speaking (such as networks or cybersecurity), that do not fall into any
RIS3CAT sectoral area, and basic research activities (such as, for example, the
topic of high-performance computing and hardware)

- The group of topics in the fields of science and engineering
- The topic of global governance and social cohesion (globalisation, economy,
migration, conflict, inequality, employment market, etc.)
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4.5. Distribution of enabling technologies by topic
Analysis of topics linked to cross-cutting enabling technologies established in RIS3CAT
(see Graph 12) reveals the strongly transversal nature of ICT, which is present in
nearly all topics. Although not as diverse as ICT, the following two enabling
technologies also have great capacity for cross-cutting application:
- Biotechnology is important in health group projects and in projects included in the
topics of applied materials in industry and the energy transition, chemistry and
applied materials, resource management and waste management and use, use
of forest resources, and agriculture and livestock farming.
- Advanced manufactured materials and advanced materials, which are important
fields in projects focusing on the topics of neuroscience and technologies for
rehabilitation, applied materials in industry and the energy transition, design,
simulation and mechanical engineering (energy production, vehicles, materials,
etc.), energy transition (production, distribution and efficiency), and resource
management, waste treatment and use and biotechnology. Advanced materials
technology is also closely linked to the topic of bioengineering and medical
equipment.
Nanotechnology, although largely concentrated in the topic of physics and materials,
is also present in applied subjects, such as the topics of applied materials in industry
and the energy transition, biomedical cancer research (and others in the health group),
and resource management, waste treatment and use, and biotechnology. Photonics,
on the other hand, is concentrated mainly in the topic of physics and materials, though
it has some potential in topics relating to energy and health.
Projects not classified by enabling technology are concentrated in topics
in which non-technological innovation is more important. These include, for example:
health research and health policies (treatment, personalised medicine, prevention
and environmental factors in health); energy transition (production, distribution and
efficiency); and global governance and social cohesion (globalisation, economy,
migration, conflict, inequality, employment market, etc.).
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Graph 12. Intersection between enabling technologies and topics (number of
projects)

Source: The Authors.
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This section presents the analysis of the contribution of R&D&I projects financed by
European funds in Catalonia to achieving the Sustainable Development Goals (SDGs).
The challenge posed for RIS3CAT over the 2021-2027 period is to articulate the
collaboration of research and innovation system stakeholders to enable R&D&I
to contribute to societal challenges closely linked to the SDGs within the framework
of shared agendas for sustainability and social change. Identifying players and projects
that contribute to the SDGs in Catalonia is key to establishing these shared agendas.
Methodologically speaking, R&D&I projects included in the RIS3-MCAT Platform are
classified automatically by SDG in a process that can be summarised in the three
following steps (see Graph 13):
1. Understand and define the scope of each SDG
2. Create a controlled vocabulary for each SDG
3. Identify the projects that include terms from this controlled vocabulary in the texts
that form their title and description

Graph 13. Methodology for classifying projects under the SDGs

Source: The Authors.

The controlled vocabulary is developed for 14 of the 17 SDGs (see Graph 14):
- SDG 1. No poverty. End poverty in all its forms everywhere
- SDG 2. Zero hunger. End hunger, achieve food security and improved nutrition and
promote sustainable agriculture
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- SDG 3. Good health and well-being. Ensure healthy lives and promote well-being for
all at all ages
- SDG 4. Quality education. Ensure inclusive and equitable quality education and
promote lifelong learning opportunities for all
- SDG 5. Gender equality. Achieve gender equality and empower all women and girls
- SDG 6. Clean water and sanitation. Ensure availability and sustainable
management of water and sanitation for all
- SDG 7. Affordable and clean energy. Ensure access to affordable, reliable,
sustainable and modern energy for all
- SDG 10. Reduced inequalities. Reduce inequality within and among countries
- SDG 11. Sustainable cities and communities. Make cities and human settlements
inclusive, safe, resilient and sustainable
- SDG 12. Responsible consumption and production. Ensure sustainable
consumption and production patterns
- SDG 13. Climate action. Take urgent action to combat climate change and its
impacts
- SDG 14. Life below water. Conserve and sustainably use the oceans, seas and
marine resources
- SDG 15. Life on land. Protect, restore and promote sustainable use of terrestrial
ecosystems, sustainably manage forests, combat desertification and halt and
reverse land degradation and halt biodiversity loss
- SDG 16. Peace, justice and strong institutions. Promote peaceful and inclusive
societies for sustainable development, provide access to justice for all and build
effective, accountable and inclusive institutions at all levels
The following three SDGs are excluded because the automatic classification of the
projects analysed might be arbitrary and the result biased:
- SDG 8. Decent work and economic growth. Promote inclusive and sustainable
economic growth, employment and decent work for all
- SDG 9. Industry, innovation and infrastructure. Build resilient infrastructure, promote
inclusive, sustainable industrialisation and foster innovation
- SDG 17. Partnership for the goals. Strengthen the means of implementation and
revitalise the Global Partnership for Sustainable Development
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This vocabulary has 3,494 terms, distributed in different proportions among the
14 SDG: from the 102 terms relating to SDG 1 to the 628 relating to SDG 3.
For instance, SDG 7, affordable and clean energy, includes such terms as: energy
efficiency, energy consumption, energy (with the restrictions of sustainable, affordable
and reliable), photovoltaics, solar cell and renewable energy.
Using this controlled vocabulary, the RIS3-MCAT Platform identifies the projects that
contribute to each SDG, enabling analysis by type of policy instrument, sectoral area
and topic, as described below.

Graph 14. The 14 SDGs used to classify the projects

Source: Based on Sustainable Development Goals (United Nations).

5.1. Analysis by type of tool
Some 47.6% of projects funded by Horizon 2020 are related to one SDG or another.
This percentage is significantly higher than for the previous period, the Seventh
Framework Programme for Research and Innovation (39.2%). This increase is largely
due to the orientation of the Horizon 2020 programme towards societal challenges,
which are closely linked to the SDGs.
The percentage of RIS3CAT projects linked to SDGs (31%) is lower than that
of Horizon 2020 projects. This may be due, either to the lower performance of the
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automatic method of project classification (since the titles and descriptions of projects
of Catalan instruments are more summary in nature) or, this case, to the fact that the
orientation towards societal challenges is lower or that there is more concentration
on basic research and technological innovation for competitiveness.
The fact that a substantial proportion of RIS3CAT projects cannot be directly linked to
the SDGs does not mean that they cannot contribute to achieving them. For example,
although basic research projects in new materials or photonics are not directly related
to the SDGs, they may have significant applications (probably with disruptive impacts)
in the fields of energy transition, health, the circular economy and so on.

5.2. Analysis by sectoral area
Analysis of projects financed by RIS3CAT instruments shows that the sectoral areas
closest linked to the SDGs are: energy and resources (41 projects); health industries
(40 projects); and food and drink (32 projects). In the other areas, the number of
projects is considerably lower: industrial systems, 15; sustainable mobility, 13; cultural
and experience-based industries, 12; and design-based industries, 9. As regards
projects not classified by sectoral area, 12 projects linked to the SDGs are identified.
RIS3CAT communities are the RIS3CAT tool that includes the most projects related
to one or other of the SDGs (40 out of a total of 68).
As regards Catalan projects financed by the Horizon 2020 programme and linked to
at least one SDG, distribution by sectoral area is as follows: energy and resources,
415 projects; unclassified, 238; health industries, 137; sustainable mobility industries,
125; food and drink, 117; industrial systems, 83; cultural and experience-based
industries, 35; and design-based industries, 25.

5.3. Analysis by topic
Analysis of information provided by the RIS3-MCAT Platform enabled a description to
be established of the topics that players in the research and innovation ecosystem of
Catalonia engage in within the framework of the SDGs, as follows:
SDG 1. No poverty
(31 projects, 27 participants and investment of 16.7 MEUR)
The projects identified address challenges concerning vulnerable populations in areas
such as energy poverty, food and food waste, access to water and sanitation, health,
education and culture, geographic inequality and resilience to disasters. They study the
effects of public policies and work on new policies for inclusive growth, social policy
and social justice, urban planning, territorial management, financing and so on.
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SDG 2. Zero hunger
(67 projects, 93 participants and investment of 44.6 MEUR)
The projects identified address challenges related to the productivity and sustainability
of food production and soil. This includes climate resilience, food safety and quality,
organic and circular production, reducing food waste, and food security and
sovereignty. In turn, this embraces prices and markets and their relation to poverty
and food crises. These projects are linked particularly to agriculture, but also to fishing
and aquaculture.
SDG 3. Good health and well-being
(161 projects, 2.145 participants and investment of 98.2 MEUR)
The projects identified address the following challenges: public health; infectious
diseases and vaccines; chronic illnesses and their link to lifestyles; maternal, new-born
and infant health; family planning and assisted reproduction; sexually transmitted
diseases; the relationship between pollution, health and child development; and road
safety and traffic accidents.
SDG 4. Quality education
(27 projects, 33 participants and investment of 18.4 MEUR)
The projects identified3 address the following challenges: quality; learning experience
and skills obtained in primary education; inclusive education and functional diversity;
vocational training; equal opportunities and social exclusion and justice in the field
of education; gender and racial discrimination and bias; teacher training; and the
organisation of education systems.
SDG 5. Gender equality
(23 projects, 18 participants and investment of 14.2 MEUR)
The projects identified address challenges of gender equality and women's
empowerment, gender bias and prejudice, women's health (health and patient policy),

We should note that the Marie Skłodowska-Curie Ations under Horizon 2020, providing support for
researchers’ careers and the mobility of researchers and innovators, contain a dimension on impact
on education that is not included in this identification if not for its strict content.
3

36

5. Contribution to SDGs

intimate partner violence, gender diversity and gender equality in research and
innovation and associated policies.4
SDG 6. Clean water and sanitation
(98 projects, 115 participants and investment of 69.2 MEUR)
The projects identified address challenges such as those related to aquatic
ecosystems, the water cycle and water quality in agricultural, industrial and residential
uses; management of water resources and groundwater remediation; water
purification; savings in water use; wastewater management, treatment and recovery;
ecosystem management; soil salinisation; water supply security; climate; drought; local
and international governance of water resources; etc.
SDG 7. Affordable and clean energy
(342 projects, 242 participants and investment of 239.3 MEUR)
The projects identified address challenges of the energy transition through clean
technologies and renewable energy production (a wide range of resources), materials,
energy efficiency, both through improvements in usage patterns and technological
modernisation, management of electricity markets and systems, and the links between
greenhouse gas emissions and the climate. As regards applications, particularly
interesting are projects in the fields of mobility, efficiency and insulation of buildings
and computing.
SDG 10. Reduced inequalities
(82 projects, 62 participants and investment of 35.9 MEUR)
The projects identified address the challenges of exclusion (economic, political,
cultural, educational), social inclusion and equality policies (gender, race and functional
diversity), opportunities for young people and migrants, the relationship between
inequalities and economic policies (regulation of the financial sector, competition and
regulated markets) and the links with democracy, the city and the territory.
SDG 11. Sustainable cities and communities
(275 projects, 263 participants and investment of 171.1 MEUR)
The projects identified address the challenges of urban infrastructure, mobility,
housing, efficient use of resources, pollution and greenhouse gas emissions,
4

The identification of projects is restricted to their research and innovation content; it does not take into
account the culture or the practices under which they are developed. There is little doubt that the impact
of Horizon 2020 and RIS3CAT instruments gender equality also has its origins in the structuring of
programmes and calls for proposals, which limit gender bias and promote equal opportunities.
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environmental impact and resilience to disasters and climate through public policies
and social justice, the framework of smart cities and social innovation. It also includes
projects in the field of culture and cultural heritage.
SDG 12. Responsible consumption and production
(194 projects, 194 participants and investment of 115.9 MEUR)
The projects identified fall into the framework provided by the concept of the circular
economy, taking into consideration design and materials, efficiency and management
of resources (water, urban and industrial waste and specific waste such as food and
organic). The initiatives promote efficient production in a framework of industrial
symbiosis, changes in consumption patterns and reduction of consumption at individual
and residential scale, tourism, product life cycle and recycling. In a cross-cutting
approach, they include study of economic and collaborative consumption models and
public procurement of innovation.
SDG 13. Climate action
(217 projects, 190 participants and investment of 140 MEUR)
The projects identified address challenges related to: the possibilities of reducing
emissions and the consequent reduction of climate risk (particularly in the field of
energy production and use); understanding and managing the effects of climate
change on natural cycles; adaptation to the effects of climate change on societies,
economies and sectors; and mitigation, resilience, and preparedness for extreme
climate events (droughts, storms, floods, heatwaves, and erosion). In a cross-cutting
approach, studies also focus on climate regulation models and policies (local, national
and international), and on global governance models for the topic.
SDG 14. Life below water
(43 projects, 33 participants and investment of 17 MEUR)
The projects identified address challenges related to life below water and the
sustainability of related human activities: marine science and understanding of aquatic
and marine ecosystems; degradation processes (acidification and rising temperatures);
and effects on underwater life, the evolution of coastal societies, the effects of and
reduction of pollution; the sustainable use of resources (particularly fisheries and
aquaculture); and international governance and collaboration in this field. As regards
technology, these projects include ICT (terrestrial observation and remote sensing, and
simulation) and biotechnology.
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SDG 15. Life on land
(55 projects, 46 participants and investment of 23.7 MEUR)
The projects identified address challenges related to use and management of the
territory and the protection and recovery of biodiversity (woods, mountains, wetlands,
lakes, rivers, deserts and semi-arid areas), response to erosion, land degradation and
restoration, protection and management of key and invasive species, climate
resilience, links to sustainable agriculture, the use of pesticides and water and soil
quality.
SDG 16. Peace, justice and strong institutions
(139 projects, 124 participants and investment of 77.1 MEUR)
The projects identified address topics linked to the previous SDGs, particularly
as regards themes of global importance such as security, social justice, inclusion and
participation, migration, gender equality, pollution and climate, violence, health,
urbanplanning, culture, ICT, etc.
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