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Abstract: This work aims to assess how regional innovation systems support research and innova-

tion smart specialization strategies (RIS3) in coal intensive regions. Although many authors have 

analyzed energy transition paths for the European coal regions, no study has assessed how the net-

work properties of their innovation systems are aligned with the priorities identified in their RIS3. 

This work fills this gap, relying on social network analysis (SNA) to assess innovation systems’ un-

derlying networks, considering the active role of their nodes, thus, contributing to the innovation 

systems literature in the areas of modelling, simulation and performance evaluation. Within this 

work, regional innovation systems are modelled as research networks. These networks are pro-

moted by the consortia funded by the European H2020 program. The assessment of the topology 

and properties of these networks enables the evaluation of the functioning of the innovation system, 

its technological strengths, as well as the key players involved. Based on these results, the charac-

teristics of the innovation systems are compared to the priorities established by the RIS3. Three 

Spanish coal intensive regions (Aragón, Asturias and Castilla y León) are considered as use cases in 

this study. The obtained results indicate that, in some cases, the technological strengths of the re-

gional innovation systems are not considered in the identification of the RIS3 priorities, while some 

RIS3 priorities are not supported by the innovation system. Considering these results, this paper 

proposes recommendations for regional and European policymakers, as well as for participants in 

the European research programs. 

Keywords: regional innovation systems; European Union; H2020; research and innovation smart 

specialization strategies; coal intensive regions; just transition; research networks 

 

Highlights 

• The EU finance collaborative research to support the fulfillment of social, competitiveness and 

climate goals. 

• The EU regions have put in place smart specialization strategies (RIS3), identifying their pri-

orities. 

• The EU funded innovation projects and related consortia construct innovation systems at a 

regional level, developing networks of projects and partners. 

• The properties of the innovation systems’ underlying networks are related to the consecution 

of the RIS3 priorities. 

• The networks’ properties can be assessed by means of social network analysis, obtaining net-

work cohesion and node centrality metrics. 

• There is a misalignment between the innovation systems’ properties and the RIS3 priorities. 
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• The innovation system networks assessment can be a fundamental tool for policymakers and 

participants to reach greater results. 

1. Introduction 

1.1. Overall Approach 

The concept of regional smart specialization has become central for European policies 

related to innovation, growth and sustainable development since 2013 [1], when the Eu-

ropean Commission started the process for developing regional research and innovation 

smart specialization strategies (RIS3). For the regions that are not major innovation play-

ers, RIS3 aligned policies are crucial to promote innovation in those sectors or technolog-

ical domains that may provide them with a competitive advantage [2]. This is the case of 

the European coal regions in transition, which are facing the challenge of shifting towards 

a low carbon economy, and which may significantly benefit from a well designed and 

implemented RIS3 [3]. While most of the related literature focuses on the deployment of 

other energy technologies [4–6] or in the evaluation of the social impacts—especially in 

the employment—of the energy transition in these regions [7,8], there is a gap in address-

ing how the innovation systems promoted in the coal in transition regions contribute to 

their RIS3 implementation, as well as in evaluating how the RIS3 designs consider the 

existing innovation systems. 

The research and innovation collaborative projects funded by the European Union 

under the Horizon 2020 program (H2020) contribute to the creation of innovation systems 

[9,10]. Although H2020 looks for transnational collaboration, it has been established by 

previous authors that this program is particularly interesting for evaluating the role of 

regional innovation networks [11]. Previous studies have assessed how actors and insti-

tutions interact in the energy transition process from a regional innovation system per-

spective, drawing conclusions mainly from semistructured, qualitative interviews [12]. 

Nevertheless, although different authors have pointed out the relevance of studying in-

novation systems’ network properties [13–16], the properties of the regional innovation 

systems’ underlying networks promoted by H2020 in the European coal regions in tran-

sition have not been characterized, neither has their contribution to the RIS3 implementa-

tion been assessed.  

This study addresses the correspondence between the H2020 regional innovation 

networks’ properties and the RIS3 priorities. For this purpose, and considering that H2020 

projects promote innovation systems that can be studied relying on the properties of their 

underlying networks of partners and projects, the authors propose the following research 

questions: 

• How do innovation systems contribute to the deployment of the RIS3 priorities in the 

coal in transition regions? 

• How are the Innovation Systems for the RIS3 design in the coal in transition regions 

considered? 

The novelty of this work remains the assessment of the support of regional innova-

tion systems to the RIS3, considering the regional research networks’ topology and prop-

erties. The assessment of these networks provides information about the innovation sys-

tem’s functioning, its technological strengths, as well as the key players involved. These 

results are then compared to the RIS3 priorities, to identify synergies and misalignments. 

For addressing the research questions, the use case of the three Spanish coal regions 

in transition (Aragón, Asturias and Castilla y León) has been considered. Thus, the net-

works of projects and partners within each region are constructed relying on the H2020 

participation data from the period 2013–2020. The consideration of the entities’ character-

istics (type and role in the project), as well as the thematic area of the projects, allows the 

consideration of the nodes as active players within the network. Therefore, conclusions 

may be drawn regarding the degree of contribution of the H2020 promoted innovation 
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systems to each RIS3 priority, as well as about innovation systems’ strengths not yet con-

sidered in the RIS3 priorities. 

Regarding the instrumental and operational framework, this study relies on social 

network analysis (SNA). SNA has been proven as a powerful tool, previously used by 

different authors to assess sustainability aspects [17–19], as well as collaboration and pro-

jects’ relationships [20,21]. Taking into account that the H2020 program funds projects that 

are developed by consortia composed by at least three entities, this study analyzes the two 

underlying networks behind the innovation system: (1) the network of projects, in which 

projects that share partners are linked and (2) the network of entities, in which entities 

that cooperate in the same project are connected. These networks can be geographically 

restricted to the entities and projects nestled in a region and, thus, can enable the study of 

the relationships between the different types of entities within the region (industry, uni-

versity, research centers, etc.), as well as the main research fields and technologies tackled 

by the projects developed in the region. The assessment of these networks enables the 

evaluation of the competitiveness increase of the regional industries, as well as the frame-

work in which knowledge transfer and exchange is facilitated, or enabled [22,23]. 

The main characteristics of the regional innovation systems are assessed following a 

twofold approach: (1) the study of the regional networks as a whole and single system, 

and (2) the analysis of the contribution and role of the networks’ nodes, considering them 

as active members of the system. A better understanding of the regional innovation sys-

tem is enabled by this twofold approach, at system—and actor—level [24], thus enabling 

the assessment of how the regional innovation systems’ characteristics are considered in 

the RIS3 design.  

This paper is organized as follows: Section 2 presents the research model, providing 

the conceptual framework and the literature review related to regional innovation systems 

and smart specialization strategies, emphasizing the coal in transition regions’ particulari-

ties. The materials and methods used in the study are detailed in Section 3, providing the 

data used for developing the empirical study; thus, a summary of the coal regions’ charac-

teristics, their RIS3 and the data used for constructing the regional networks underlying the 

innovation systems is provided. The results of the study are presented in Section 4, explain-

ing the correlation between the network and nodes’ properties and the RIS3. Finally, Section 

5 provides a discussion of the obtained results and the final conclusions of the study. 

1.2. Smart Specialisation Strategies: The European RIS3 

The definition of smart specialization strategies (S3) has been recently set as “the stra-

tegic approach to plan for regional economic development directed at economic diversi-

fication, supported by technological, practice, and evidence-based innovations, using a 

bottom-up approach” [1,25,26]. In this context, the European Commission requested that 

regional authorities across Europe design their research and innovation smart specializa-

tion strategies (RIS3) to achieve more efficient use of the European Structural Investment 

Funds and the H2020 Funds [27,28]. Each RIS3 represents the transformation agenda in 

which the regional innovation priorities, challenges and needs are identified and tackled, 

to build a competitive advantage by developing and matching research and innovation’s 

own strengths to business needs, to address emerging opportunities and market develop-

ments in a coherent manner. 

1.3. Regional Innovation Systems 

The S3 approach is linked with the regional innovation systems field [2], which is 

receiving increasing attention from the energy transitions research area [29,30]. In this 

context, the promotion of regional innovation systems enables the support of RIS3 imple-

mentation, and is considered a key factor for successfully shifting towards a low carbon 

economy in the coal regions in transition.  

Regional innovation systems may be assessed by means of the properties of the re-

search networks resulting from H2020 program within these regions [31]. Within this 
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approach, the funded H2020 consortia develop, on the one hand, networks of partners—

in which those entities collaborating in the same project are linked—and, on the other 

hand, networks of projects—in which those projects sharing partners are connected. Social 

network analysis has recently emerged as a powerful technique to evaluate innovation 

systems, which has the unexploited potential to study the consistency between smart spe-

cialization policies and innovation systems [32]. 

1.4. Coal Regions in Transition 

Previous authors [33–37] have established that the transition towards a low carbon 

economy may have pernicious effects at regional and local levels, particularly, in coal-

reliant regions. To mitigate the social consequences of the low carbon transition and to 

ensure a just transition, the European Commission launched the European Coal Regions 

in Transition Initiative.  

Theoretical frameworks related to energy transitions, including coal intensive re-

gions, integrate the concept of innovation systems [38–40] as a key influence for a success-

ful process. In this respect, innovation systems related research has evaluated how insti-

tutional impulses have contributed to the development of innovation systems by means 

of characterizing the research networks promoted by the research funding programs. 

Nevertheless, the particular case of the coal in transition regions and, especially, how the 

innovation systems in these regions have been developed compared to the RIS3 agendas, 

has not been addressed. 

The European Commission identifies the coal in transition regions in Europe as the 

most carbon intensive, or with the most people working in fossil fuels. Although coal min-

ing and using regions are easily identified attending to the location of mines and coal 

power plants, the European Commission accepts [41] that the concept of carbon intensive 

regions has not yet been defined and would require further work. Nevertheless, the Eu-

ropean Commission has already identified the 31 regions in the European Union that com-

pose the Coal Regions in Transition Platform, in which the three considered in this work 

participate. 

2. Materials and Methods 

2.1. Research Design 

To answer the research questions, the regional innovation systems’ network proper-

ties (topology, cohesion, centrality) are firstly assessed and, then, the obtained results are 

compared to the RIS3 priorities established at each coal in transition region. Within this 

section, the research design is presented considering the following approach. Firstly, to 

provide the minimum context of the situation and challenges of each region, this section 

presents the main social, economic and innovation activity data of the three regions con-

sidered in the study. 

Then, the two main sources of data considered in this study are presented. From one 

perspective, the three regional research and innovation smart specialization strategies 

(RIS3) are used to collect the priorities from each region. From the other perspective, the 

data from the projects and consortia funded under the Horizon 2020 program are the basis 

for the analysis of the innovation systems’ underlying networks. 

In addition to the data considered, this section presents the methods used for their 

analysis. While the RIS3 strategies are examined by means of a comparative analysis, the 

H2020 participation data are analyzed relying on social network analysis (SNA). For this 

purpose, once the underlying networks of the innovation systems are constructed, two 

different approaches are considered: firstly, the networks are studied from the point of 

view of the connections between the partners (networks of partners) and from the point 

of view of the links between the projects (technological trajectories). Secondly, the inno-

vation systems are assessed considering the network as a whole (the cohesion proprieties 

of the network) and, in addition, evaluating the role played by each node (the centrality 
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metrics of the nodes). For this last purpose, the SNA is performed taking into account the 

intrinsic characteristics of the nodes: for an entity, its geographical location, the type of 

activity performed and if it has acted as a coordinator, while, for a project, the research 

area tackled, broken down by the pillar, programme and subprogramme within H2020, 

within which it has been funded. 

Finally, the results obtained from the comparative analysis of the three RIS3, together 

with the ones coming from the innovation systems’ underlying networks SNA, are con-

trasted to answer the proposed research questions. 

2.2. Socioeconomic and Innovation Data of the Three Spanish Coal Regions 

In order to give the minimum context of each Spanish coal region, Tables 1 and 2 

present the basic information related to region size, economic activity and innovation de-

velopment [42]. 

Table 1. Gross domestic product, population and surface of the three regions and Spain. 

 GDP (Million Euros) Population GDP Per Capita (EUR) Surface (km2) 

Region Total Percentage Total Percentage Total Percentage Total 

Spain 1,253,988 € 100.00% 47,431,256 100.00% EUR 26,438 100.00% 505,909 

Aragón 38,525 € 3.10% 1,328,753 2.80% EUR 28,993 9.43% 47,720 

Asturias 23,894 € 1.90% 1,018,706 2.10% EUR 23,455 2.10% 10,604 

Castilla y Leon 59,253 € 4.70% 2,393,285 5.00% EUR 24,758 18.63% 94,226 

Table 2. Research activity in economic terms and in human resources dedication of the three regions 

and Spain. 

 

Internal Expenditure on 

R&D Activities (Thousand 

Euros) 

R&D Internal  

Expenditure per 

GDP 

Researchers (Full-Time 

Equivalent) 

Researcher 

per Popula-

tion 

R&D Expendi-

ture per Re-

searcher 

Region Total Percentage Total Total Percentage Total Total 

Spain 14,945,692 100.00% 1.19% 140,120 100.00% 0.30% EUR 106,664 

Aragón 339,741 2.30% 0.88% 4049 2.90% 0.30% EUR 83,907 

Asturias 188,453 1.30% 0.79% 2299 1.60% 0.23% EUR 81,972 

Castilla y León 762,659 5.10% 1.29% 6435 4.60% 0.27% EUR 118,517 

The Aragón region includes 2.8% of the Spanish population; nevertheless, it repre-

sents 3.1% of the national gross domestic product (GDP), with the greatest GDP per capita 

of the three regions (EUR 28,993), even higher than the national average (EUR 26,438). In 

addition, Aragón holds a large territory, with 9.43% of the total Spanish surface. In terms 

of innovation, the number of researchers is in line with the national rate, while the internal 

expenditure is significantly lower, representing only 2.3% of the total national internal 

expenditure. The internal expenditure per GDP in the region accounts for 0.88%, signifi-

cantly lower than the national rate of 1.19%. The number of researchers per population is 

the highest of the three regions and coincides with the national average (0.3%). 

Asturias is the smallest region of the three Spanish coal regions in terms of popula-

tion and surface, with both being 2.1% of the total national. Nevertheless, its GDP share 

of the national total accounts only for 1.9%, and the GDP per capita is below the national 

value (EUR 23,455 compared to EUR 26,438). This weak position also appears in terms of 

research expenditure, which represents only 1.3% of the total national and constitutes 

0.79% of internal expenditure per GDP, also significantly lower than the national rate of 

1.19%. The number of researchers is also the smallest of the three, 0.23% of the total pop-

ulation; with the R&D expenditure per researcher also being the smallest one, EUR 81,972 

compared to the EUR 106,664 of the national average. 

Castilla y León is the largest region in terms of GDP and population, accounting for 

4.7% and 5% of the total national, respectively, and with a large surface that represents 
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18.63% of the Spanish total. Nevertheless, the GDP per capita is below the national aver-

age, at EUR 24,758 compared to the national, EUR 26,438. Castilla y León stands out for 

its high internal expenditure in research, which represents 1.29% of its total GDP, above 

the national average (1.19%). The number of researchers is slightly below the average na-

tional rate (0.27% compared to 0.3%), which increases the total research expenditure per 

researcher up to EUR 118 517, which is clearly above the ones of Aragón (EUR 83,907) and 

Asturias (EUR 81,972), as well as the national average (EUR 106,664). 

Although coal production was stopped in Spain by 31 December 2018, this milestone 

happened after a decreasing period. The total extraction of coal in Spain diminished from 

8434 kt in 2010 to 2407 kt in 2018. From the total coal produced in Spain in 2018, 55.4% 

came from Aragón, 30.3% from Castilla y León and 14.3% from Asturias. Meanwhile, the 

employment associated with coal extraction decreased in Spain from 45,212 jobs in 2012 

to 1253 in 2018, all based on the three Spanish regions considered in this study [43]. 

2.3. Smart Specialization Strategies: Data Analysis of the Three Spanish Coal Regions 

The priorities identified in the RIS3 by each of the three Spanish coal regions are pre-

sented in Tables 3–5, including the priority name and its description. As a first conclusion, 

there are great differences between the scope of the proposed priorities, especially consid-

ering the level of detail and specificity. Thus, in some cases, within one priority, many 

technologies, sectors, applications or aspects are considered in its description. While 

Aragón and Asturias identify and describe more clearly their 9 and 5 priorities, respec-

tively, Castilla y León provides a long description of its 6 priorities, integrating different 

and, in some cases, disconnected aspects. This disparity of criteria complicates the process 

of finding synergies or common priorities. 

Table 3. Aragón priorities identified in the RIS3. 

Priority Name Description 

Management of water re-

sources 
Information systems and monitoring of hydrological management 

ICT Digital Agenda 

Resources efficiency Closing cycles of water, materials and energy. 

Transport and logistics 
Integration and improvement of supply chains (resources efficiency and intermodal 

transport). 

Tourism and leisure 
Touristic activities based on natural resources and cultural heritage and quality of life; 

new technologies for innovative solutions in tourism. 

Healthy ageing 
Improvement of the quality of life, with special attention to the dispersed and ageing 

population. 

Development of more effi-

cient vehicles 

Innovation in vehicle engineering and design, and in equipment for vehicle refueling, 

particularly for hydrogen fuels. 

Energy storage and efficiency 
Storage and integration of energy systems, including hydrogen and fuel cells, smart 

grids and water cycles. 

Agri-food value chain 
Development of new products, processes and technologies in the agricultural, food and 

forestry sectors. 
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Table 4. Asturias priorities identified in the RIS3. 

Priority Name Description 

Steel and maritime industry Open innovation processes in steel production and shipbuilding manufacturing. 

Advanced manufacturing and 

materials 
Digital manufacturing and additive manufacturing; nanomaterials and graphene. 

Health research and medical 

care 

Health research and management; biomedicine and ageing population medical care; 

demographic change effects and wellbeing. 

Technologies for energy pro-

duction and supply 

Energy supply and demand, including smart grids and energy storage; natural water 

cycle management; big data; and sensors. 

New technologies applied to 

agri-food 

Development of systems and processes for agri-food resources management, particu-

larly the application of biotechnology for dairy industries 

Table 5. Castilla y León priorities identified in the RIS3. 

Priority Name Description 

Agri-food and sustainable use 

of natural resources 

Food security; development of bioindustries. Agriculture, livestock and continental aq-

uaculture, food quality and food technology, bioenergy and forestry. 

Transport (in particular auto-

motive and aeronautics) 

Productive efficiency in the transport sectors. Applications of KETs such as advanced 

materials (including nanocomposites and graphene), ICT, biotechnology (bio-poly-

mers, use of biofuels and biocatalysts) and advanced manufacturing and processing. 

Sustainability, security and mobility of persons and goods (logistics). 

Health, social care, demo-

graphic change and wellbeing 

Biomedical research and applications, innovative medicines, research and innovation 

in social care, ageing and ambient assisted living. Cancer research and new therapeutic 

and diagnostic solutions, biomedical research, attention to long term patients, technol-

ogies for social inclusion. KETs: biotechnology (cellular therapy, molecular diagnostic, 

pharmacology, tissue engineering), ICT (e-Health), and advanced materials (biopoly-

mers, nanomaterials) 

Cultural and natural heritage 

and Spanish language 

Heritage and language as endogenous resources for economic development and social 

welfare. Language technologies and applications to cultural heritage. Environmental 

sustainability, climatic change and water. Application of ICT and new production pro-

cesses in languages. Application of KETs to diagnostics, conservation and manage-

ment. Advanced materials (new treatments for wood, stone, and other materials, ad-

vanced materials for the conservation of cultural heritage). Biotechnology (biodamag-

ers, biocleaning and bioconsolidation) and fossil DNA. 

ICT 
Cybersecurity, applications and technologies of mobility, M2M communications, big 

data and cloud computing technologies and the Internet of the future. 

Energy and sustainability 

Technologies for energy management, energy efficiency, renewable energies, environ-

mental sustainability of the industry and human habitat (buildings, constructions, etc.). 

Smart cities, energy efficient buildings, factories of the future, sustainable processing 

industry through resource and energy efficiency. ICT applied to energy and sustaina-

bility (home automation, district heating and cooling, monitoring), advanced materials 

(biomaterials, recyclable and recycled materials, new treatments for wood and con-

struction materials), advanced manufacturing and processing. 

Despite the different scopes considered in each region, there are some common pri-

orities that are related to four main areas: energy, resource efficiency, health and agri-

food. 

In the energy field, Aragón is interested in the integration of energy systems (smart 

grids, energy storage and hydrogen and fuel cells); Asturias includes a more holistic ap-

proach, also including energy generation, and Castilla y León emphasizes the demand 

side, targeting energy efficiency, smart cities and energy management technologies.  
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Considering the resource sfficiency area, Aragón identifies water and materials effi-

ciency as priorities, proposing a circular economy approach. Asturias, in addition to water 

cycle management, is interested in resource efficiency in the process industry (mainly 

steel). Castilla y León also proposes sustainability in the process industry and water man-

agement as key priorities. 

Health is a priority for the three regions. Aragón emphasizes attention to the dis-

persed and ageing population, thus tackling demographic change. Asturias also considers 

its ageing population, also including biomedicine, as a relevant field. Castilla y León, in 

addition to the previous areas, identifies cancer research and innovative medicines as im-

portant fields. 

Agri-food is widely considered in Aragón, including agricultural, food and forestry 

sectors. In Asturias, the special mention of biotechnologies for dairy industries is consid-

ered, while, in Castilla y León, food security, together with agriculture, aquaculture and 

forestry, are identified as priorities. 

Finally, there are some enabling technologies, such as new materials or ICT, that are 

widely considered in the three regions. 

Regarding the current low transition paths in the three regions, the Spanish govern-

ment proposed an Urgent Action Plan in 2020 [44], addressing the coal regions to promote 

new activities and employment. This plan aims to compensate for the vulnerabilities cre-

ated after the coal sector’s closing and promotes low carbon transition paths. This plan 

provides funding, regulatory and administrative support for the deployment of new re-

newable energy capacity, as well as for industrial and research projects, together with so-

cial initiatives targeting the affected citizens. At the moment of the publication of this pa-

per, the process is still open, having completed the diagnosis phase and being about to 

start identifying investments and projects to promote low carbon transition paths. Once 

the diagnosis has been completed and made public [45], the regions will benefit from their 

participation in the Just Transition Platform, for identifying the most promising low car-

bon transition paths. 

2.4. Participation in Horizon2020 Program: Spanish Coal Regions’ Participation Data Analysis 

For developing this study, data corresponding to the Horizon 2020 Research program 

coming from the European Commission database (https://data.europa.eu/data/da-

tasets/cordish2020projects?locale=es, accessed on 19 October 2020) are used. The entities 

based on the three regions are identified relying on their postal code, as included in their 

addresses. 

Table 6 present the entities participating in H2020 based on the three Spanish coal 

regions, categorized by their activity type and by their role within the consortium. Five 

different activity types are considered: private companies, in which large, small and me-

dium enterprises are considered; research centers, including technology centers and pub-

lic research institutes; higher education establishments, in which universities are consid-

ered; public bodies, in which local and regional authorities are included; and, finally, other 

entities, in which associations, among others, are included. Regarding the role played in 

the projects, those entities that have coordinated at least one project have been categorized 

as coordinators, while those that have never acted as coordinators are considered as par-

ticipants. 

A total of 325 entities from the three regions are participating in H2020, 131 from 

Aragón, 68 from Asturias and 126 from Castilla y León. Private companies represent 70% 

of the participants, with this proportion being higher in Aragón (75%) and in Asturias 

(78%) compared to Castilla y León (62%). Research centers represent 11% of the partici-

pants, with a higher share in Castilla y León (14%) than in Aragón (10%) and Asturias 

(9%). Public bodies constitute, on average, 7% of the participants, with only 3% in Asturias 

compared to Aragón (7%) and Castilla y León (9%). 

In coordination terms, 35% of all the entities have played the coordination role at 

least once. This proportion is higher in Aragón (40%) and lower in Castilla y León (31%). 
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Private companies are more prone to take the coordinator role, constituting 77% of all the 

coordination, on average.  

Table 6. Entities participating in each region distributed by activity type and role. 

 Total Aragón Asturias Castilla y León 

Private companies 229 (70%) 98 (75%) 53 (78%) 78 (62%) 

Coordinator 88 42 20 26 

Participant 141 56 33 52 

Research centers 37 (11%) 13 (10%) 6 (9%) 18 (14%) 

Coordinator 14 7 1 6 

Participant 23 6 5 12 

Higher education 9 (3%) 3 (2%) 1 (1%) 5 (4%) 

Coordinator 7 2 1 4 

Participant 2 1 0 1 

Public bodies 22 (7%) 9 (7%) 2 (3%) 11 (9%) 

Coordinator 2 1 0 1 

Participant 20 8 2 10 

Other entities 28 (9%) 8 (6%) 6 (9%) 14 (11%) 

Coordinator 4 0 2 2 

Participant 24 8 4 12 

Total general 325 131 68 126 

Coordinator 115 (35%) 52 (40%) 24 (35%) 39 (31%) 

Participant 210 (65%) 79 (60%) 44 (65%) 87 (69%) 

Table 7 presents the number of participations of each entity type to quantify their 

activity, split into participations as a coordinator or as a participant. The 325 entities from 

the three regions account for 1016 participations, so, on average, each participating entity 

is involved in 3.13 projects. Nevertheless, this parameter of recurrence varies between re-

gions, reaching 3.40 in Aragón, 3.13 in Castilla y León and 2.59 in Asturias. Therefore, it 

can be seen how the recurrence ratio in Asturias is 21% below the average of Aragón and 

Castilla y León. Considering the entity types, 89% of the participations come from three 

main actors: private companies (40%), research centers (28%) and higher education estab-

lishments (21%). In the three regions, the higher recurrence ratio appears in higher edu-

cation establishments as, on average, each entity participates 24.22 times. They are fol-

lowed by research centers, which reach 7.65, with high variability between Aragón (11.31) 

and Asturias (3.67). Finally, companies present a recurrence rate of 1.79 on average, vary-

ing from 1.68 in Castilla to 1.72 in Aragón and 2.06 in Asturias. 

Table 7. Number of participations in each region distributed by activity type and role. 

 Total Aragón Asturias Castilla y León 

Private companies 409 (40%) 169 (38%) 109 (62%) 131 (33%) 

Coordinator 116 58 27 31 

Participant 293 111 82 100 

Research centers 283 (28%) 147 (33%) 22 (13%) 114 (29%) 

Coordinator 70 46 2 22 

Participant 213 101 20 92 

Higher education 218 (21%) 97 (22%) 21 (12%) 100 (25%) 

Coordinator 60 19 7 34 

Participant 158 78 14 66 

Public bodies 59 (6%) 21 (5%) 10 (6%) 28 (7%) 

Coordinator 4 2 0 2 
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Participant 55 19 10 26 

Other entities 47 (5%) 11 (2%) 14 (8%) 22 (6%) 

Coordinator 8 1 5 2 

Participant 39 10 9 20 

Total general 1016 445 176 395 

Coordinator 258 (25%) 126 (28%) 41 (23%) 91 (23%) 

Participant 758 (75%) 319 (72%) 135 (77%) 304 (77%) 

The 1016 participations of the 325 entities from the three Spanish coal regions take 

place in 799 H2020 projects. There are 6 projects on which entities from the three regions 

collaborate, 4 in which entities from Aragón and Asturias participate together, 19 includ-

ing entities from Aragón and Castilla y León and 15 with entities from Asturias and Cas-

tilla y León. It is relevant that Aragón and Castilla y León are collaborating on 10 projects 

within the Energy Programme under the Societal Challenges Pillar. 

Table 8 presents how these 799 projects cover the different Pillars and Programmes 

of H2020 and identifies the regions from which there are participating entities. Those pro-

jects involving participants from more than one region are included in all those regions. 

Within the Excellent Science Pillar, the participation is concentrated in the Marie Curie 

Actions, with 123 projects. In the Industrial Leadership Pillar, 201 out of the 223 projects 

take place in the Leadership in Enabling and Industrial Technologies. The Science for So-

ciety Pillar is covered mainly by Aragón, with 4 out of the 5 projects. The Societal Chal-

lenges Pillar includes the highest number of projects, 402, which represent 50.3% of the 

total. The programs related to the energy and agri-food sectors account for the highest 

number of projects within this pillar: 129 and 95 projects, respectively, with Aragón being 

particularly active in both of them, especially in energy, with 79 projects. 

Table 8. Number of projects in which entities from Aragón, Castilla y León and Asturias are present, 

disaggregated by Pillar and Programme. 

Pillar and Programme 
Number of 

Projects 
Aragón Asturias Castilla y León 

Excellent Science 165 67 25 82 

European Research Council 13 6 3 4 

Future and Emerging Technologies 17 9 5 9 

Marie Curie Actions 123 50 16 60 

Research Infrastructures 12 2 1 9 

Industrial Leadership 223 92 59 91 

Innovation in SME 22 10 10 8 

Leadership in Enabling and Industrial Technologies 201 82 49 83 

Science for Society 5 4 0 1 

Societal Challenges 402 204 62 158 

Climate action, environment, resource efficiency and raw materials 44 20 3 23 

Secure, clean and efficient energy 129 79 17 47 

Food security, sustainable agriculture and forestry, water and bio-

economy 
95 48 12 39 

Health, demographic change and wellbeing 44 15 10 19 

Inclusive, innovative and reflective societies 18 8 3 7 

Secure societies—protecting freedom and security 16 2 8 7 

Smart, green and integrated transport 56 32 9 16 

Spreading Excellence 4 0 0 4 

Total general 799 367 146 336 
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2.5. Innovation Systems Network Construction  

The participation of the entities from the three Spanish coal regions in Horizon 2020 

is studied from the innovation system perspective. For this purpose, the networks of en-

tities and projects fostered by the consortia funded by the European Commission within 

the Horizon 2020 program are constructed, considering the links between entities cooper-

ating in the same project, as well as the connections between projects sharing common 

entities. An affiliation matrix, in which entities are assigned to projects, enables the con-

struction of a 2-mode network. From this 2-mode network, two 1-mode networks are con-

structed, one in which entities participating in the same project are connected and one in 

which projects sharing common partners are linked. Figure 1 presents a graphic example 

of these 2-mode and 1-mode networks. This constitutes the first analysis perspective, in 

which how the entities are collaborating is assessed through the network of entities, and 

how the projects are connected is assessed in the network of projects. 

 

Figure 1. Example of the 1-mode networks (entities network and projects network) that are de-

ducted from the 2-mode network (entities to projects network). 

The second perspective considered in this analysis evaluates the innovation system 

with a double approach: The first one assesses the network as an innovation system, ne-

glecting the role played by its nodes, thus evaluating how the innovation system as a 

whole is capable of transmitting information. This first assessment, at the network level, 

is based on the cohesion metrics, which evaluate the network in its entirely. The second 

assessment is developed from a node-based perspective, evaluating how each individual 

node contributes to the network functioning, thus assuming the active role of the nodes. 

2.6. Network Cohesion and Node Centrality Metrics 

The topological, cohesion and centrality characteristics of the regional innovation 

systems are assessed through a nominalist approach, which enables the construction of 

the graphs of projects and entities. To build the graphs, an affiliation matrix is constructed, 

linking entities to projects. Then, attributes are assigned to the nodes, following a meth-

odology usually applied in similar research works [46]. The software UCINET has been 

employed to perform the SNA (Borgatti, S.P., Everett, M.G. and Freeman, L.C. 2002. Uci-

net 6 for Windows: Software for Social Network Analysis. Harvard, MA: Analytic Tech-

nologies). 

A twofold perspective is used in the analysis: (1) a system approach, in which the 

cohesion of the network and functioning characteristics of the regional innovation systems 
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are assessed as a whole and (2) a node level approach, in which the role and contribution 

of each node is measured in terms of its embeddedness in the system, relying on centrality 

metrics. 

The cohesion metrics used in this work to assess the underlying networks of the re-

gional innovation systems are the following:  

• Average degree: average degree of all nodes. This represents the network activity. 

• Average distance: average distance between all reachable pairs of nodes, with the 

distance between two connected nodes being the length of the shortest path, calcu-

lated as the number of edges that it contains. This represents the level of compactness 

or dispersion of the network. 

• Diameter: longest length of the shortest paths of all the reachable nodes. This repre-

sents the network extent. 

• Density: total number of existing ties divided by the total number of possible ties. For 

weighted networks, such as the ones analyzed in this work, this is the total of all 

values divided by the number of possible ties. 

• Components: number of sets of connected nodes that are not linked to the rest of the 

network. This represents the number of nonconnected subnetworks. 

• Average tie strength between groups: average of the weighted connections of the 

links between nodes with different attributes. This represents the strength of the con-

nection between different types of nodes within the network. 

• H-Index: maximum number of nodes that have at least the same number of connec-

tions to other nodes. This represents the network cohesion, avoiding the effects of 

outliers. 

The node level analysis, also known as dyadic analysis, assesses the network embed-

dedness of the nodes, providing the informational value of the nodes attending to its 

structural position in the network [47]. Furthermore, the node position and embeddedness 

provide differential access to information within innovation systems [48,49]. The follow-

ing metrics are considered in this study: 

• Degree: number of nodes to which a given one is connected. In the case of weighted 

networks, as in this work, this calculates the sum of the ties’ values. This represents 

the opportunities of a node to access the knowledge that is flowing through the net-

work. 

• Closeness: for a particular node, the average of the lengths of the shortest paths to 

every other node of the network. This represents how close a node is to all the other 

nodes. 

• Eigenvector: influence of a node in the network. This represents a prestige rating, in 

which relative ratings are given to all nodes in the network, the connections to high-

rating nodes contribute more to the score of the considered node than equal connec-

tions to low rating ones. 

• Betweenness: number of times that a given node belongs to the shortest paths be-

tween two other nodes. This represents the control of a particular node over the 

knowledge flows between all the other nodes of the network. 

3. Results 

Within this section, the networks of entities and projects behind the European inno-

vation systems fostered by H2020 are constructed and assessed, considering them as a 

whole system (network cohesion) and evaluating the individual role of the nodes (node 

centrality). Then, the relation of the H2020 thematic coverage with the RIS3 scientific do-

mains, prioritized for each region, is presented. 
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3.1. Regional Networks of Entities: Cohesion and Centrality Metrics 

The three networks, one for each Spanish coal region, including the entities exclu-

sively based in this region, have been developed. Table 9 presents different cohesion met-

rics for the three networks.  

Table 9. Regional networks of entities: cohesion metrics. 

Cohesion Metrics Aragón Asturias Castilla y León 

Number of nodes 131 68 126 

Number of ties 146 58 120 

Average aegree 1.115 0.853 0.952 

Index H-Index 4 4 5 

Density 0.009 0.013 0.008 

Connectedness 0.134 0.062 0.127 

Closure 0.138 0.507 0.099 

Diameter 8 6 7 

The average degree of the entities from the Aragon network is significantly higher 

(1.115) than in Castilla y León (0.952) and Asturias (0.853). Thus, although the density (i.e., 

the number of edges divided by the maximum number possible) is higher in Asturias 

(0.013) than in Aragón (0.009) or in Castilla y León (0.008), this may be an effect of the 

lower number of participating entities. In this respect, looking to the connectedness ratio, 

while 13.4% of the entities from Aragón are connected, this metric is reduced in Asturias 

(6.2%), achieving 12.7% in Castilla y León. Nevertheless, attending to the closure ratio, 

which is 0.507 in Asturias, 0.138 in Aragón and 0.099 in Castilla y León, it can be seen that, 

in Asturias, transitivity in relational triads is higher—partners of a partner are also part-

ners—, with the strongest cohesion among the connected entities. This is in line with the 

diameter (i.e., the length of the longest geodesic path) that is smaller (6) in Asturias, reach-

ing 7 in Castilla y León and 8 in Aragón. 

The role of the different types of entities, considering whether they are coordinators 

or partners, is assessed relying on the centrality metrics presented in Table 10. Although, 

in general, it can be seen how the coordinators have a prominent role within the networks, 

Asturias presents lower centrality rates for the coordinators in terms of degree and be-

tweenness. While coordinators in Aragón rank 10.5 times more than participants in eigen-

vector and those in Castilla y León 7.75 times more, in Asturias, coordinators only rank 

3.8 times more. It can be deducted that coordinators in Asturias are poorly integrated into 

the network compared with the other two regions. 

Table 10. Regional networks of entities: centrality measures disaggregated by the role played in the 

projects. 

Role and Network Number of Entities Average Degree Average Eigenvector Average Betweenness 

Coordinator 115 1.438 0.028 34.368 

Aragón 52 1.717 0.021 38.422 

Asturias 24 0.750 0.038 1.893 

Castilla y León 39 1.500 0.031 50.226 

Participant 210 1.133 0.004 4.585 

Aragón 79 1.169 0.002 6.038 

Asturias 44 1.675 0.010 5.250 

Castilla y León 87 0.845 0.004 3.042 

Total general 325 1.255 0.014 16.498 

The centrality measures of the different entity types for the three regions are pre-

sented in Table 11. Higher education establishments have a prominent position within the 

networks from the four metrics’ perspective, being tractors of the innovation system. This 
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prominent position may be a consequence of the large size of this type of institution, 

which acts as a knowledge hub. They are followed by research centers, public bodies, 

other types of entities and, finally, by private companies. It is important to note that, on 

average, private companies achieve the lowest centrality measures, with the smallest in-

fluence in the network. These low centrality measures of the private companies occur, to 

a larger extent, in Castilla y León, while in Asturias, the situation differs, as private com-

panies hold a more equilibrated situation. 

Table 11. Regional networks of entities: average centrality measures disaggregated by the entity 

activity type. 

Entity Type and Network 
Number of  

Entities 
Average Degree Average Eigenvector 

Average  

Betweenness 

Average  

Closeness 

PRC 229 0.686 0.003 2.579 893.594 

Aragón 98 0.847 0.002 4.374 1085.143 

Asturias 53 0.736 0.006 3.057 454.887 

Castilla y León 78 0.449 0.002 0.000 951.026 

REC 37 3.135 0.033 73.401 875.432 

Aragón 13 4.923 0.010 121.026 1024.000 

Asturias 6 1.500 0.012 8.000 436.833 

Castilla y León 18 2.389 0.056 60.806 914.333 

HES 9 6.000 0.249 200.000 838.667 

Aragón 3 8.667 0.334 244.000 960.333 

Asturias 1 7.000 1.000 53.000 389.000 

Castilla y León 5 4.200 0.047 203.000 855.600 

PUB 22 1.864 0.009 9.659 881.545 

Aragón 9 0.889 0.002 0.000 1047.667 

Asturias 2 5.500 0.000 0.000 440.500 

Castilla y León 11 2.000 0.017 19.318 825.818 

OTH 28 1.429 0.006 1.536 857.286 

Aragón 8 0.625 0.002 0.000 1066.500 

Asturias 6 3.667 0.010 0.000 452.333 

Castilla y León 14 0.929 0.006 3.071 911.286 

Total general 325 1.255 0.014 16.498 886.062 

3.1.1. Centrality Measures within the Regional Aragón Network of Entities 

Regarding the individual entities, Table 12 presents those entities within the regional 

network of Aragón with the top ten values at three different indicators: degree, eigenvec-

tor and betweenness. A total of 19 entities are participating in these three top ten indexes. 

Two of them, the University of Zaragoza—the only public University in the region with a 

long tradition and a generalist scope—and Fundación CIRCE—a private nonprofit tech-

nology center focused on energy and sustainability—appear at the two first positions in 

the three indicators. The public research institute of the region (Instituto Tecnológico de 

Aragón, with a generalist scope) and the other private nonprofit technology center of the 

region (Fundación AITIIP, focused on plastics) appear at the third and fourth positions in 

degree and betweenness, respectively, not being present at the eigenvector top ten; thus 

having strong participation and serving as a link between other entities, but not having 

such a relevant position within the network. Then, there are five entities ranking in two 

of the three lists: one is a public research center focused on hydrogen technologies (Funda-

ción para el Desarrollo de las Nuevas Tecnologías del Hidrógeno en Aragón), and the 

other four are private companies, two of them being spin-offs—one from Fundación 

AITIIP (TecnoPackaging) and the other from the University of Zaragoza (BEOnChip 

S.L.)—and the other two large companies. Finally, there are nine entities ranking in one 
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of the indicators, two of them are public research institutes linked to the University of 

Zaragoza—one focused on health (Fundación Instituto de Investigación Sanitaria de 

Aragón) and one focused on logistics (Fundación Zaragoza Logistics Center)—,one is a 

public company from the regional government devoted to agriculture and environment 

(Sociedad Aragonesa de Gestion Agroambiental S.L.), one is the regional federation of 

businesses (Confederación de Empresarios de Aragón), three are spin-offs from the Uni-

versity of Zaragoza (Ebers Medical technology S.L. and Nanoscale Biomagnetics S.L. and 

Esciencia Eventos Científicos S.L.) and two are large companies—one devoted to house-

hold appliances (BSH Electrodomésticos España S.L.) and a winery (Bodegas Aragonesas 

S.A.). 

As a summary, considering the scope of the main players, those related to renewable 

energy, agri-food and circular economy may have a relevant contribution to the low car-

bon transition paths in Aragón. 

Table 12. Aragón regional network of entities: centrality metrics for the top 10 entities (degree, ei-

genvector and betweenness). 

Short Name Type Degree Eigenvector Between 

UNIVERSIDAD DE ZARAGOZA HES 20 1.000 518.000 

FUNDACION CIRCE CENTRO DE INVESTIGACION DE RE-

CURSOS Y CONSUMOS ENERGETICOS 
REC 24 0.102 747.667 

BEONCHIP SL PRC 5 0.053 - 

NANOSCALE BIOMAGNETICS SOCIEDAD LIMITADA PRC 2 0.026 - 

AGROINDUSTRIA ARAGONESA S.A. PRC 3 0.014 - 

BODEGAS ARAGONESAS SA PRC 3 0.014 - 

BSH ELECTRODOMESTICOS ESPANA SA PRC 1 0.014 - 

ESCIENCIA EVENTOS CIENTIFICOS SL PRC 2 0.014 - 

EBERS MEDICAL TECHNOLOGY SL PRC 1 0.013 - 

FUNDACION INSTITUTO DE INVESTIGACION SANITARIA 

ARAGON 
REC 2 0.013 - 

FUNDACION AITIIP REC 10 0.003 295.667 

FUNDACION ZARAGOZA LOGISTICS CENTER HES 4 0.002 214.000 

NUEVAS TECNOLOGIAS PARA EL DESARROLLO DE PACK-

AGING Y PRODUCTOS AGROALIMENTARIOS CON COM-

PONENTE PLASTICA SL 

PRC 5 0.002 46.000 

NUREL SA PRC 5 0.001 0.667 

INSTITUTO TECNOLOGICO DE ARAGON REC 13 0.000 439.000 

CONFEDERACION DE EMPRESARIOS DE ARAGON REC 5 0.000 - 

SOCIEDAD ARAGONESA DE GESTION AGROAMBIENTAL 

SL 
PRC 2 0.000 210.000 

INSTRUMENTACION Y COMPONENTES SA PRC 5 0.000 172.000 

FUNDACION PARA EL DESARROLLO DE LAS NUEVAS 

TECNOLOGIAS DEL HIDROGENO EN ARAGON 
REC 6 0.000 91.000 

In order to have a picture of the regional network of Aragón, Figure 2 presents the 

graphical representation of the network, including only those entities with a degree higher 

than one.  

Regarding the collaboration between companies in the Aragón region, Figure 3 pre-

sents those private companies with a degree higher than one. It can be observed how weak 

this network is, as well as the role played by the University and the research centers in the 

network integration. 
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Figure 2. Aragón regional network of entities: graphical representation showing only entities with 

a degree higher than 1. 

 

Figure 3. Aragón regional network of entities: graphical representation showing only private com-

panies with a degree higher than 1. 

3.1.2. Centrality Measures within the Asturias Regional Network of Entities 

Regarding the Asturias network of entities, Table 13 presents those participants with 

the top ten values at degree, eigenvector and betweenness centrality measures. In the be-

tweenness metric, only seven entities have a score higher than zero. A total of 14 entities 

are participating in these three top ten indexes. Six of them are ranked in the three metrics: 

the public university of the region (Universidad de Oviedo), one spin-off from this Uni-

versity devoted to spectroelectrochemical instruments (Metrohm Dropsens S.L., Oviedo, 

Spain), one company dedicated to big data and artificial intelligence (Tree Technolgy S.A., 
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Madrid, Spain), a dairy company (Industrias Lácteas Asturianas S.A., Anleo, Spain) and 

the European Business and Innovation Centre from the region (Asociación Centro Eu-

ropeo de Empresas e Innovación del Principado de Asturias). There are two companies 

participating in the two top ten lists of eigenvector and betweenness, so with prominent 

positions, even with a lower number of links: a company related to surgery equipment 

(MBA Incorporado S.L., Gijón, Spain) and the company Treelogic, from the same group 

as Tree Technology S.A. Finally, there are two large companies: one dedicated to steel 

production (Arcelor Mittal España S.A., Avilés, Spain) and one to digital transformation 

(Izertis S.A., Gijón, Spain), which is a spin-off of the Oviedo University devoted to new 

drugs for the oncology field (Entrechem S.L., Oviedo, Spain), a high-tetch SME devoted 

to microalgae (Neoalgae), the public development agency for the region (Instituto de De-

sarrollo Económico de Asturias), a public foundation devoted to foster research activities 

in the region, including the participation in Horizon 2020 (Fundación para el Fomento en 

Asturias de la Investigación Científica Aplicada y Tecnología) and, finally, the regional 

federation of businesses (Federación Asturiana de Empresarios). 

As a summary, considering the scope of the main players, those related to ocean, 

steel, agri-food and power electronics may have a relevant contribution to the low carbon 

transition paths in Asturias. 

Table 13. Asturias regional network of entities: centrality metrics for the top 10 entities (degree, 

eigenvector and betweenness). 

Short Name Type Degree Eigenvector Between 

UNIVERSIDAD DE OVIEDO HES 7 1.000 53 

METROHM DROPSENS SL PRC 7 0.074 51 

ASOCIACION DE INVESTIGACION DE INDUSTRIAS CARNI-

CAS DEL PRINCIPADO DE ASTURIAS 
REC 5 0.065 48 

ASOCIACION CENTRO EUROPEO DE EMPRESAS E INNO-

VACION DEL PRINCIPADO DE ASTURIAS 
OTH 4 0.062 0 

INDUSTRIAS LÁCTEAS ASTURIANAS, S.A. PRC 4 0.059 0 

MBA INCORPORADO SL PRC 2 0.052 15 

ENTRECHEM SL PRC 1 0.052 0 

NEOALGAE MICRO SEAWEEDS PRODUCTS SL PRC 1 0.052 0 

TREE TECHNOLOGY SA PRC 5 0.010 39 

ARCELORMITTAL ESPANA SA PRC 2 0.008 0 

TREELOGIC TELEMATICA Y LOGICA RACIONAL PARA LA 

EMPRESA EUROPEA SL 
PRC 6 0.005 29 

IZERTIS SOCIEDAD ANONIMA PRC 3 0.004 28 

FEDERACION ASTURIANA DE EMPRESARIOS OTH 8 0.000 0 

INSTITUTO DE DESARROLLO ECONOMICO DEL PRINCI-

PADO DE ASTURIAS 
PUB 10 0.000 0 

FUNDACION PARA EL FOMENTO EN ASTURIAS DE LA IN-

VESTIGACION CIENTIFICA APLICADA Y TECNOLOGIA 
OTH 10 0.000 0 

Figure 4 provides a graphical representation of the regional network in Asturias, in-

cluding only those entities with a degree higher than one.  

In order to depict the collaboration between companies in Asturias, Figure 5 presents 

the network composed by those private companies with a degree higher than one. It 

shows a weak network similar to the Aragón one. 
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Figure 4. Asturias regional network of entities, showing only entities with a degree higher than 

one. 

 

Figure 5. Asturias regional network of entities, showing only private companies with a degree 

higher than one. 

3.1.3. Centrality Measures within the Castilla y León Regional Network of Entities 

The ten entities with the highest centrality metrics are presented in Table 14. There 

are four entities present at the three top ten ranks of centrality metrics (degree, eigenvector 

and betweenness): a horizontal private nonprofit technology center (Fundación CARTIF), 

two public generalist universities (Universidad de Burgos and Universidad de Valladolid) 

and the Municipality of Valladolid (Ayuntamiento de Valladolid). Then, there are five 

entities ranking in the degree and betweenness metrics: a public generalist university 

(Universidad de Salamanca), a private nonprofit research center focused on new materials 

(Fundación ICAMCYL), a private nonprofit multisector technology center (Instituto 

Tecnológico de Castilla y León), a cluster of construction entities (Agrupación Empresarial 

Innovadora para la Construcción Eficiente) and the Department of Environment of the 

Regional Government (Consejería de Fomento y Medioambiente). Finally, there are eight 

additional entities present within the highest centrality scores: a public national research 

center focused on human evolution (Centro Nacional de Investigación sobre la Evolución 

Humana), the public water authority of the Duero river (Confederación Hidrográfica del 

Duero), the public regional energy agency (Ente Público Regional de la Energía de Castilla 

y León), the public entity for businesses support (Instituto para la Cometitividad 
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Empresarial de Castilla y León), a nonprofit energy consumers cooperative (Energética S. 

Coop.), a company devoted to disabled employability (Grupo Lince S.L.U., Valladolid, 

Spain), a company manufacturer of transparent photovoltaics glass for buildings (Onyx 

Solar Energy S.L., Ávila, Spain), and an IT company (Xeridia S.L., León, Spain). 

As a summary, considering the scope of the main players, those related to sustainable 

construction and renewable energy may have a relevant contribution to the low carbon 

transition paths in Castilla y León. 

Table 14. Castilla y León regional network of entities: centrality metrics for the top 10 entities (de-

gree, eigenvector and betweenness). 

Short Name Type Degree Eigenvector Between 

FUNDACION CARTIF REC 24 1.000  760.5 

UNIVERSIDAD DE BURGOS HES 8 0.181  270 

AYUNTAMIENTO DE VALLADOLID PUB 7 0.066  44.5 

UNIVERSIDAD DE VALLADOLID HES 9 0.052  546 

ENERGETICA S COOP OTH 2 0.042  0 

INSTITUTO PARA LA COMPETITIVIDAD EMPRESARIAL DE 

CASTILLA Y LEON 
PUB 2 0.031  0 

ONYX SOLAR ENERGY SL PRC 1 0.025  0 

CONFEDERACION HIDROGRAFICA DEL DUERO PUB 2 0.022  0 

GRUPO LINCE ASPRONA S.L.U. PRC 2 0.022  0 

XERIDIA S.L. PRC 2 0.022  0 

ENTE PUBLICO REGIONAL DE LA ENERGIA DE CASTILLA 

Y LEON 
PUB 2 0.021  43 

AGRUPACION EMPRESARIAL INNOVADORA PARA LA 

CONSTRUCCION EFICIENTE 
OTH 3 0.021  43 

FUNDACION ICAMCYL REC 5 0.004  165 

UNIVERSIDAD DE SALAMANCA HES 3 0.003  199 

CONSEJERIA DE FOMENTO Y MEDIO AMBIENTE—JUNTA 

DE CASTILLA Y LEON 
PUB 4 0.001  125 

INSTITUTO TECNOLOGICO DE CASTILLA Y LEON REC 4 0.000  126 

CENTRO NACIONAL DE INVESTIGACION SOBRE LA EVO-

LUCION HUMANA 
REC 2 0.000  0 

In order to provide a graphical representation of the regional network in Castilla y 

León, Figure 6 represents the links between the entities with a degree higher than one.  

 

Figure 6. Castilla y León regional network of entities, showing only entities with a degree higher 

than one. 
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Furthermore, in order to present the collaboration between companies, Figure 7 pre-

sent the only relation between companies with a degree higher than one. This network is 

also weak, like in the other regions. 

 

Figure 7. Castilla y León regional network of entities, showing only private companies with a degree 

higher than one. 

3.2. Network of Projects: Cohesion and Centrality Metrics 

The network of projects developed in each region is evaluated, as the network of 

partners, from two perspectives. Firstly, it is assessed as a complete innovation system 

relying on cohesion metrics. In order to analyze the contribution of each research area to 

the overall innovation system, the density within each pillar, program and subprogram is 

calculated. Secondly, in order to assess the role of each project within the network, their 

centrality metrics are calculated and analyzed, also considering each pillar, program and 

subprogram. 

In Table 15, the cohesion metrics of the network of projects from the three regions is 

presented. The Aragón region presents the more cohesive network, with significantly 

higher values in the average degree, H-index, density and closure metrics. These charac-

teristics show that the different projects are well connected, enabling the knowledge ex-

change and the development of technological trajectories. In contrast, the Asturias region 

shows the weakest network, with reduced values at all the parameters, especially in aver-

age degree, H-index, density and connectedness. Castilla y León, although presenting a 

high connectedness value—80.8% of its projects are connected—shows reduced levels in 

the closure ratio, with a density similar to the Asturias one. 

Table 15. Aragón, Asturias and Castilla y León networks of projects: cohesion metrics. 

Metric Aragón Asturias Castilla y León 

Number of nodes 367 146 334 

Number of ties 20 368 2 516 14 210 

Average degree 55.499 17.233 42.545 

H-Index 87 29 67 

Density 0.152 0.119 0.128 

Connectedness 0.789 0.664 0.828 

Closure 0.620 0.529 0.494 

Diameter 4 5 5 

Regarding the Aragón network, the density at each pillar, program and subprogram, 

as well as the centrality parameters of their projects, are calculated and presented in Table 

16 (only those subprograms with at least 10 projects are included). The highest density 
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appears at the Excellent Science Programme, as there are some consecutive crosscutting 

projects under the Future and Emerging Technology Programme that are developed by 

similar consortia, which highly increases the density. The stable participation of the same 

academic partners in this pillar clearly contributes to its high density and centrality met-

rics, which is a recurrent fact in the three regions. 

The Industrial Leadership and the Societal Challenge Pillars provide clearer infor-

mation about the thematic research areas in which the regional innovation system is fo-

cused. In this respect, resource efficiency and energy arise as the most developed and co-

hesive research fields. In the area of resource efficiency, there is relevant participation in 

programs such as Resource Efficiency in the Process Industries (SPIRE), Sustainable sup-

ply of Raw materials (under the Climate Programme) and Bio-Based Industries (under the 

Food Programme). In the area of Energy, the Electricity Grid, Hydrogen and Fuel Cells, 

and Market Uptake of Energy Innovation are the most remarkable fields. Finally, the sub-

program with the highest influence, measured in terms of eigenvector, is the Nanotech-

nologies, Advanced Materials, Biotechnology, and Advanced Manufacturing and Pro-

cessing (NMBP). 

In summary, Aragon presents its best technological trajectories within six research 

fields that are mainly related to energy and resource efficiency. In energy, the following 

three subprograms are included: Electricity grid, Hydrogen and Fuel Cells and market 

uptake of Energy. While in resource efficiency, the following three are identified: Resource 

Efficiency in Process Industries (SPIRE), Nanotechnologies, Advanced Materials, Biotech-

nology, and Advanced Manufacturing and Processing (NMBP) and Bio-Based Industries. 

Table 16. Aragón projects network: cohesion (density) and centrality metrics (average degree, be-

tweenness and eigenvector) by pillar, program and subprogram (for the subprograms, only those 

with more than 10 projects are included). 

Pillar/Program/Subprogram 
Number of 

Projects 
Density 

Average  

Degree 

Average  

Between 

Average  

Eigenvector 

Excellent Science 67 0.993 120.104 253.039 0.060 

European Research Council 6 0.667 63.500 0.000 0.008 

Future and Emerging Technologies 9 14.806 357.333 922.364 0.335 

Marie Curie Actions 50 0.552 81.480 150.800 0.017 

Research Infrastructures 2 6.000 188.000 556.157 0.068 

Industrial Leadership 92 0.288 72.739 133.911 0.015 

Innovation in SME (INNOSUP) 10 2.067 36.200 11.296 0.004 

Leadership in Enabling and Industrial Technologies 82 0.315 77.195 148.864 0.016 

Societal Challenges 204 0.178 59.461 104.171 0.007 

Climate 20 0.079 36.900 130.562 0.005 

Energy 79 0.491 75.785 104.627 0.006 

Food 48 0.308 52.313 98.308 0.008 

Health 15 0.305 62.467 149.769 0.018 

Inclusive Societies 8 0.179 42.250 44.617 0.006 

Security 2 0.000 47.500 29.194 0.008 

Transport 32 0.442 47.625 93.547 0.006 

Science for Society 4 0.333 38.750 61.927 0.010 

The metrics of the Asturias projects network are shown in Table 17. Similar to 

Aragón, the Excellence Science Pillar is the most cohesive one thanks to the large Future 

and Emerging Technologies projects in which the consortia are almost maintained. Re-

garding the Industrial Leadership and Societal Challenges Pillars, the most cohesive sub-

programs are Factories of the Future, followed by NMBP (Nanotechnologies, Advanced 

Materials, Biotechnology, and Advanced Manufacturing and Processing), SPIRE (Re-

source Efficiency in Process Industries), Low Carbon Electricity (under the Energy 
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Programme) and Sustainable and healthy Agri-Food (under the Food Programme). In 

terms of influence, Factories of the Future shows the highest eigenvector. In addition, 

NMBP (Nanotechnologies, Advanced Materials, Biotechnology, and Advanced Manufac-

turing and Processing) has a high eigenvector value, followed by Low carbon electricity 

and Sustainable and Healthy Agri-Food. 

In summary, Asturias presents its best technological trajectories under the following 

five subprograms (1) Factories of the Future (FoF), (2) Nanotechnologies, Advanced Ma-

terials, Biotechnology, and Advanced Manufacturing and Processing (NMBP), (3) Re-

source Efficiency in Process Industries (SPIRE), (4) Low carbon electricity and (5) Sustain-

able and healthy agri-food. 

Table 17. Asturias projects network: cohesion (density) and centrality metrics (average degree, be-

tweenness and eigenvector) by pillar, program and subprogram (for the subprograms, only those 

with more than 5 projects are included). 

Pillar/Program/Subprogram 
Number of  

Projects 
Density 

Average 

Degree 

Average  

Between 

Average  

Eigenvector 

Excellent Science 25 2.277 83.040 137.855 0.075 

European Research Council 3 1.000 20.000 0.000 0.000 

Future and Emerging Technologies 5 45.400 296.000 453.438 0.346 

Marie Curie Actions 16 0.475 28.438 61.060 0.007 

Research Infrastructures 1 - 81.000 202.223 0.028 

Industrial Leadership 59 0.237 26.559 42.933 0.005 

Innovation in SME (INNOSUP) 10 1.133 15.000 0.395 0.000 

Leadership in Enabling and Industrial Technologies 49 0.272 28.918 51.615 0.006 

Societal Challenges 62 0.097 16.823 35.686 0.003 

Climate 3 0.667 24.000 94.153 0.004 

Energy 17 0.176 14.412 35.579 0.003 

Food 12 0.212 16.417 27.810 0.004 

Health 10 0.067 15.400 32.671 0.002 

Inclusive Societies 3 - 17.000 17.073 0.005 

Security 8 0.857 32.875 68.661 0.006 

Transport 9 0.056 6.778 7.147 0.001 

Regarding the Castilla y León network, the high density of the Excellence Pillar is 

supported by, in addition to the Future and Emerging technology projects like in the other 

two regions, nine Research Infrastructures projects related to laser technologies, atmos-

phere, archaeological heritage and carbon capture and storage. 

In terms of cohesion and influence, the most remarkable programs in which the best 

technological trajectories in Castilla y León appear are Leadership in Enabling and Indus-

trial Technologies, Energy, Health and Transport. When the Subprogrammes are ana-

lysed, Energy Efficient Buildings (EeB), Factories of the Future (FoF), Information and 

Communication Technologies (ICT), Nanotechnologies, Advanced Materials, Biotechnol-

ogy, and Advanced Manufacturing and Processing (NMBP) and Low carbon electricity 

are the most remarkable ones. Table 18 presents a summary of these metrics. 
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Table 18. Castilla y León projects network: cohesion (density) and centrality metrics (average de-

gree, betweenness and eigenvector) by pillar, program and subprogram (for the subprograms, only 

those with more than 10 projects are included). 

Pillar/Programme/Subprogramme 
Number of  

Projects 
Density 

Average  

Degree 

Average  

Between 

Average  

Eigenvector 

Excellent Science 82 0.510 77.280 199.683 0.045 

European Research Council 4 0.167 28.750 10.258 0.002 

Future and Emerging Technologies 9 13.139 270.333 820.546 0.321 

Marie Curie Actions 60 0.220 40.100 84.630 0.007 

Research Infrastructures 9 4.833 153.667 430.022 0.044 

Industrial Leadership 91 0.258 61.110 126.025 0.012 

Innovation in SME (INNOSUP) 8 1.857 18.375 1.276 0.000 

Leadership in Enabling and Industrial Technologies 83 0.290 65.229 138.049 0.013 

Societal Challenges 156 0.177 52.391 115.376 0.009 

Climate 23 0.356 68.000 216.258 0.011 

Energy 47 0.558 71.170 102.371 0.009 

Food 39 0.200 29.405 68.861 0.004 

Health 19 0.819 51.632 124.761 0.014 

Inclusive Societies 7 0.238 37.571 59.041 0.005 

Security 7 0.190 32.143 51.739 0.009 

Transport 16 0.533 44.188 157.473 0.010 

Spreading Excellence 4 0.333 65.250 214.619 0.010 

Science for Society 1 - 40.000 71.563 0.001 

4. Discussion 

This paper analyses the regional innovation systems and their alignment with the 

priorities of the smart specialization strategies (RIS3) in the three Spanish coal regions. 

More precisely, this work analyzes how the regional innovation systems promoted by the 

H2020 program at a regional level support the consecution of the RIS3 priorities in the 

three Spanish coal in transition regions (Aragón, Asturias and Castilla y León). For this 

purpose, and in line with previous works [9,10], this study considers that these regional 

innovation systems are generated by the H2020 funded research projects and consortia 

and present underlying networks in which entities are linked by joint projects and projects 

linked by common partners. It is assumed that funding research consortia is the mecha-

nism that the EU uses for the development of its research policy, which is creating a net-

work of relationships between projects and partners, forming the regional innovation sys-

tem. 

First, our results show that institutional impulse plays a relevant role in the evolution 

of regional innovation systems. It is considered that the Institutional Impulse of the EU 

through the framework programs creates a network of relationships between actors that 

propitiates the exchange of knowledge and information, which, in line with previous re-

search [50,51], is a crucial element for the innovation and technology development. More-

over, following similar works [52,53], the topological and structural characteristics of the 

regional innovation systems have been assessed. From our results, it can be concluded 

that, contrary to previous works [54,55], the centrality metrics provide information to con-

sider the efficiency and efficacy of the regional innovation systems.  

Second, regarding the first research question, how do regional innovation systems 

contribute to the deployment of the RIS3 priorities in the coal in transition regions, the 

application of SNA allowed the identification of the effectiveness of the innovation poli-

cies in the EU. Thus, as a first conclusion, in line with previous research [9,10], it is shown 

that the network centrality metrics enable the identification of the technological trajecto-

ries of the regional innovation systems. The results indicate that, in some cases, the 
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technological strengths of the regional innovation systems are not considered in the RIS3 

priorities, while some RIS3 priorities do not have support from the innovation system. In 

more detail, it is seen that the strategies from the three regions present big differences 

regarding its scope in terms of broadening and definition; however, energy and resource 

efficiency have been identified as the two priorities established by the three coal regions 

that are supported by their regional innovation systems. Moreover, the analysis of the 

centrality in the regional innovation systems enables the determination of the effective-

ness of the institutional impulse [10,56], facilitating the prioritization of the technological 

trajectories depending on the European energy and sustainability policies. As an example, 

our results show that several priorities of the regional innovation systems, such as health, 

which is targeted in the three considered regions, are not supported by their innovation 

system. Therefore, our results demonstrate the existence of incongruences during the RIS3 

definition of priorities, considering the existing innovation systems, which enlarges the 

evidence presented by previous authors who have already highlighted that existing re-

gional capacities are frequently neglected in the implementation of smart specialization 

policies [57]. 

Third, regarding the second research question, how are the innovation systems for 

the RIS3 design in the coal in transition regions considered, our results corroborate those 

from previous works [10] that show the relevance of the innovation systems’ cohesion and 

connectivity properties for its effectiveness. Thus, regarding innovation system perfor-

mance, regions with lower levels of innovation expenditure and a critical mass of re-

searchers present the weakest innovation systems, with lower cohesion rates, which is in 

line with previous works [58–60] that established that public–private regional innovation 

networks do have a positive correlation to R&D investment and personnel. This also sup-

ports previous studies [11], in which the H2020 program was identified as particularly 

interesting for evaluating the role of regional innovation networks. Based on these find-

ings, and aligned with the literature [9,10,53], it can be highlighted how the properties of 

the network of projects and the network of entities created by the consortia affect the effi-

ciency of the regional innovation system. Moreover, the average number of participations 

per entity is positively related to the regional average degree in the regional network as 

well as with the proportion of regional entities connected among them (connectivity). 

Thus, bigger participants contribute to a better integrated regional innovation system; 

therefore, large participants are key players who act as intermediaries between commu-

nities and supra-regional networks, as has already been demonstrated by previous works 

[61,62]. 

Fourth, considering both the efficacy and efficiency of the regional innovation sys-

tems, the heterogeneity of the nodes, attending to its attributes, should be considered. In 

this line, according previous works [9], in our study we have considered the performance 

of innovation systems. Our results show that higher education establishments and re-

search centers occupy a prominent position within the innovation system, as established 

in the literature [63–65], showing higher centrality metrics in the SNA analysis and acting 

as enablers of knowledge exchange and collaboration, thus supporting the execution of 

the regional research policy goals. In this sense, the authors have already highlighted the 

relevance of ensuring the diversity of the nodes, considering the relevance of technology 

transfer between universities and research centers and the companies [9]. Moreover, the 

high level of centrality of universities has been appointed as a requirement for the market 

transfer of the research and innovation results [66,67]. 

Finally, like any other, this study has limitations. The empirical work is focused on 

the H2020 projects. Thus, on the one hand, further research should analyze FP7, the pre-

decessor of H2020, as well as Horizon Europe, its successor, to assess the progress of the 

energy R&D ecosystem in these regions. On the other hand, non-European areas, such as 

Africa or South America, in which there are not similar collaborative research funding 

programs, or in which the participation data are not available, cannot benefit easily from 

the methods used in this study. It should be also considered that innovation activities 
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outside H2020 have not been considered in this study, thus neglecting its contribution to 

the innovation system functioning. Furthermore, as three coal in transition regions from 

the same country have been considered, further work may be required to enlarge the 

scope of this study considering other regional challenges and geographical contexts. 

5. Conclusions 

Our work proposes relevant theoretical and practical contributions. From the theo-

retical perspective, the first group of contributions extends the literature on regional in-

novation systems in terms of their modelling and effectiveness, particularly for the coal in 

transition regions [68–70]. Thus, from our conceptualization, the innovation system con-

sists of diverse nodes, both in terms of typology and geographic dispersion, interacting to 

collaborate and share information and knowledge. This modelling allows us to consider 

the effectiveness of the innovation system in terms of this network structure and proper-

ties, which, relying on the potential of the social network analysis, allows us to determine 

the ability to achieve the objectives of the research and development policy. Therefore, we 

indicated the convenience of conceiving the regional innovation system as a network of 

relationships between entities and projects to understand how the effectiveness of this 

innovation system at the regional level is related to the node attributes as well as their 

position within the network. Moreover, the study revealed how the structural properties 

of the network vary in each research area, affecting the centrality and cohesion metrics, 

both in terms of knowledge transfer and collaboration within the region, at the different 

technological trajectories. 

The second group of theoretical contributions is rooted in regional innovation sys-

tems. While the regional studies emphasize the regional characteristics of the concentra-

tion of highly specialized skills and knowledge, institutions, related businesses and clients 

in a particular region [71–73], our work extends the regional innovation systems literature 

by pointing out that the correct evaluation of the research policy must analyze the topol-

ogy and structural properties of the innovation systems’ related networks in the region. 

First, the cohesion of the innovation systems allows an assessment of the viability of po-

tential collaborations, transfer of information and knowledge, and geographic cohesion 

for the different technology and research fields. Second, the centrality metrics of the inno-

vation system allow the evaluation of research policies in terms of competitiveness. Lastly, 

the connectivity of the network allows an analysis of the transversality between the dif-

ferent research programs as a way to promote synergistic effects between them.  

This study has strong implications for management and research policymaking. First, 

the design of smart specialization strategies should focus on the strengths of the innova-

tion systems existing in the region to avoid fragmentation, improving the collaboration 

between projects and entities and fostering transversal actions. Moreover, the involve-

ment in these actions of the project coordinators, particularly universities and research 

centers, may be beneficial, as they are the most influential nodes of the network. Second, 

regional research policymakers may apply the proposed method and findings to their re-

gions to evaluate the existing innovation system and consider it in the next generation of 

smart specialization strategies definition. European policymakers may consider these re-

sults to reshape the next FPs to foster the development of the smart specialization strate-

gies of the European regions. In addition, regional and national policymakers may rely on 

this study to design regional support programs to facilitate the participation of their re-

gional entities into European programs, to rely on their contribution to the promotion of 

regional innovation systems. Finally, individual participants may apply the results of this 

study to select their consortium partners to enhance their network position, thus improv-

ing their access to knowledge and research capabilities. 

Regarding the case of the coal in transition regions, the consideration of the existing 

strengths and capacities, that in our empirical study have consistently been related to en-

ergy and resource efficiency, seems to be crucial for the effectiveness of the policy making. 

Furthermore, the prioritization of technology fields not supported by the innovation 
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system, should be performed consciously and, in consequence, with the pertinent support 

mechanisms and institutional impulse to foster the evolution of the innovation systems 

towards these new priorities. 

Furthermore, considering the EU decarbonization goals that particularly challenge 

some of its regions, the new Horizon Europe Programme that addresses the period 2021–

2027, can consider the conclusions from this work to enhance the effectiveness of its insti-

tutional impulse. Moreover, the regional policies, and especially those related to the just 

transition in coal regions, can benefit from the analysis of the regional innovation systems 

to align their strategies for the upcoming RIS3. 

Finally, the authors consider that, in this work, the regions have been considered as 

isolated innovation systems, but their connections and links with other innovation sys-

tems geographically located outside the regions should be studied in further research to 

determine their affection to the regional innovation systems performance. Furthermore, 

more empirical studies, targeting other regions, in other location, or presenting other chal-

lenges different from the coal transition, could be beneficial to enlarge the applicability of 

the obtained conclusions. 
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