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Abstract

The Framework Programme (FP) of the European Union (EU) was a well-known instrument

for enhancing international collaboration for research and development (R&D). The new era of

sustainable development had introduced a shift in the EU’s funding framework in related

technological fields. The sixth FP provided a comprehensive funding for R&D in sustainable

energy, transport, and environment under one thematic umbrella, whereas the seventh FP

treated each of these areas as an independent thematic area. In this study, a social network

analysis is performed to investigate how the segmentation of R&D funding affected the

structure of the R&D network and the interdisciplinary capabilities of the main organizations in

each thematic area. Firstly, the structural characteristics of network relations and the

composition of leading organizations in the core part of networks are examined. Secondly, the

interrelations between the different thematic areas and different organization types in the

knowledge creation process in the core part of the networks are measured. Findings from this

study could contribute to a better understanding of how the EU’s funding programs are related

to the R&D partnerships and interdisciplinary innovation capabilities of related organizations.
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1. Introduction

The research and development (R&D) of sustainable products, services and initiatives, which is

referred to as sustainability R&D within this research, has interdisciplinary, disruptive and global

characteristics. First, sustainability R&D inherently can require interdisciplinary approaches

due to the complexity of and specialisation within R&D (Tappeiner et al., 2007). Second,



sustainability R&D can be considered disruptive because it often requires information and

skills different from the traditional knowledge to be used in new application fields in a new

context (Balachandra et al., 2010; Del Rio, 2011). Third, the sustainability issues are not

restricted to the local level due to their transboundary characters and consequences.

In this regard, the collaboration between researchers from different organizational types and

scientific disciplines has emerged as a particular focus of scholarly interest in the sustainability

area (Balachandra et al., 2010; Foxon et al., 2005; Owen-Smith and Powerll, 2004). The

collaboration among different fields combines expertise over a restricted organization, thematic

field, or geographic area (Bosetti et al., 2008; Zhao et al., 2011). The inter-organizational

network also improves the division of tasks and scale economies in R&D (Katz and Martin,

1997). Therefore, researchers highlighted the role of the inter-organizational network in forms

of joint venture, licensing, and joint design in developing sustainability-related technologies

(Bosetti et al., 2008; Zhao et al., 2011).

Over the last decade, sustainability R&D has been a significant part of R&D funding of the

European Union (EU). The Framework Programme (FP), the previous R&D funding scheme of

the EU, was the main funding instrument for supporting R&D networks in all thematic fields

including sustainability area. In the sixth FP (FP6) from 2002 to 2006, the EU had provided a

comprehensive funding for sustainability R&D under one thematic umbrella called “sustainable

development, global change and ecosystems”, encompassing three sub-priorities: sustainable

energy systems, sustainable surface transport, and global change and ecosystems. In the seventh

FP (FP7) from 2007 to 2013, however, each of three sub-priorities has become an independent

thematic area, energy, transport and environment, respectively. The segmentation of research

fields in FP7 might result in better performance in each research area by specializing funding

strategies for the targeted area and increasing efficiency in managing knowledge and resources.

However, it might also decrease flexibility in mobilizing interdisciplinary knowledge or

researchers from different but interrelated academic backgrounds. Under FP7, an active

cooperation among research fields, which is crucial for the sustainability R&D, may not be as

much supported as it was in the FP6.

Using the social network analysis (SNA), this paper analyzes networks of organizations

participating in the EU-funded R&D projects in the sustainability field and traces the partnership

changes in the project networks of each thematic area under FP6 and FP7, respectively. This study

examines the structural characteristics of network relations, the composition of leading

organizations in the core part of networks, and their multidisciplinary capabilities. This paper also

analyzes the collaboration networks among the universities, companies, public research



institutions, and other organisations in the core part of the networks. The outcomes from the FP6

and FP7 networks are then compared to understand how the segmentation of research fields affects

the R&D partnership structures.

The rest of the paper is organized as follows: the next section reviews previous studies on the

innovation networks, particularly in the EU and sustainability contexts. The third section

explains SNA properties adopted in this paper to evaluate the R&D networks of the EU FPs: the

degree centrality, between centrality and the structural hole. The fourth section describes data used

for the SNA and the process of converting the original data to the network data. In the fifth section,

SNA results about the overall network structure, the distribution of network relations, and the

characteristics of core actors in terms of interdisciplinary R&D are presented. Finally, the paper

concludes with the implications for the EU policies to further facilitate the sustainability R&D.

2. Literature Review

Scholars have attempted to characterize the complex characteristics of networks formed by

EU R&D programs by using SNA techniques. The innovation performance of a R&D network

can be differentiated depending on its structural properties because they affect resource

acquisition behavior, knowledge convergence pattern, and dynamics of network structures in

the long term (Crespo et al., 2014). Therefore, SNA is widely accepted for explaining the

structural properties and dynamics of partnerships (Batallas and Yassine, 2006). Unlike purely

descriptive statistics, SNA provides valuable data to assess the qualitative aspects of

partnerships, such as resource flows among network participants, structural roles and positions

of organizations, and relational dependency between partners in joint projects (Batallas and

Yassine, 2006; Greve and Salaff, 2001).

Previous studies applied SNA to scrutinize the process of knowledge sharing between

different organizations and disciplines in collaborative projects under FPs. On the one hand, the

EU-funded projects are generally built upon the inter-organizational partnerships, because the

project consortium, in principal, requires the participation of a minimum of three different

organizations from different eligible countries. For example, Roediger–Schluga and Barber

(2006) analysed the network structures of organizations and projects from FP1 to FP5 and

observed the dense and scale-free features of the EU R&D networks. A study by Breschi et al.

(2009) on the networks in information and communication technology (ICT) field under FP6

confirmed that public support intensified the overall R&D partnerships among key



organizations. Siokas (2008) unveiled the partnership behaviors of the main organizations in

the R&D networks in ICT from FP4 to FP6. Investigating inter-organizational networks in

particular emerging ICT fields from FP5 to FP7, Protogerou et al. (2010) showed the dense

networks structured around main actors at the network center. They also confirmed the impact

of R&D networks on the knowledge creation and diffusion among the organizations. On the

other hand, the EU-funded projects are, to some extent, interdisciplinary, because the project

proposals are selected by panels comprised of experts from several disciplines. For example,

van Rijnsoever and Hessels, 2011 utilized surveys to disclose factors contributing to

individuals’ propensity to collaborate with partners from dissimilar fields. Bibliometric studies

show integration patterns of different research disciplines by using research output indicators,

such as keywords, subject categories of databases or text mining outcomes (Liu et al., 2012;

Porter et al., 2007; Rafols and Meyer, 2010).

SNA was combined with other statistical and econometric methodologies in previous studies

to examine the determinants of R&D network formation (Autant–Bernard et al., 2007; Paier

and Scherngell, 2008; Scherngell and Barber, 2009) as well as the factors of R&D collaboration

patterns (Heringa et al., 2014; Ortega and Aguillo, 2010). Paier and Scherngell (2008) pointed

out that geography, FP experience, and prior acquaintance of organizations significantly affect

the partnership building and network dynamics in FPs. A study on FP5 by Scherngell and

Barber (2009) also elaborated that the intensities of R&D collaboration can be positively

affected by geographical and technological proximities, although technological similarity is

more critical than geographical ones. Heringa et al. (2014) showed in their survey on networks

of Dutch water professionals that the similarity of the collaborators’ professional knowledge

and their network position can be positively related to tangible outcomes, such as

co-publication and co-patenting, and intangible outcomes, such as tacit knowledge sharing.

Autant–Bernard et al. (2007) investigated the inter-organizational partnerships in the nano- and

micro-technologies under FP6 and revealed that social distance, such as network position, can

be more influential than geographical proximity on the partnership formation.

Using SNA techniques, previous studies have also attempted to scrutinize the roles of

organizations, such as academia, industry, and government, in the EU R&D networks. An

empirical study by Protogerou et al. (2010) pointed out that the roles of universities and

research organisations become increasingly significant in the FP networks by time. By

analyzing the FP networks in renewable energy with Portuguese participation from 1984 to

2015, Sousa and Salavisa (2015) observed the central role of universities over the entire period,



the increasing industrial participation, as well as the strengthening of the interaction between

the three organization types.

Considering the current state of related research, this study can be differentiated from

previous studies as follows. First, this study focuses on the EU-funded R&D networks in the

sustainability area, which has been hardly examined by far. The previous studies on the FP

networks tend to focus on emerging technology fields, such as bio, nano, and

information-technologies, which involves the participation of researchers from a variety of

fields; only few network studies are found in the field of sustainability R&D. Second, the

explanation of interdisciplinary aspects of EU-funded R&D networks is an important

contribution of the current study. Proving the interdisciplinarity of the EU-funded projects or

the effects of funding conditions on the interdisciplinary R&D is often difficult. This difficulty

can be partly ascribed to methodological challenges (Katz and Martin, 1997; Laudel, 2002).

Interdisciplinarity entails a variety of multidimensional research objects, for which different

indicators and calculations are required (Martin and Irvine, 1983). As a result, research on

interdisciplinary R&D needs to bring together diverse partial indicators. Third, this research

observes not only the static state of sustainability R&D but also its dynamics to provide insight

into the past and forthcoming trends.

3. Social Network Analysis

This section sheds light on several terminologies and measurements of SNA which are

interesting in investigating the EU-funded R&D networks in the field of sustainability.

3.1 Basic Network Structure

First, this paper measures the basic network structure to diagnose innovation environment of

the network. A social network is composed of a set of nodes and ties. Each node indicates an

individual, and the tie signifies connections between individuals. In this research, the nodes are

organisations involved in research projects under FPs. SNA measures network size (the total

number of actors in the network), overall density (the ratio of actual connections to possible

existing connections within the network), overall clustering coefficient (the mean of the density

of all actors’ open neighborhood), and centralization (the inequity of the centrality measures of

individual actors). In particular, the density of the R&D network indicates the extent of the

inter-influence among organizations in the network.



3.2 Centrality

Measuring the centrality of each organization is crucial for the comprehensive understanding

on the network (Batallas and Yassine, 2006). The connectivity of the organization is not equally

distributed among all organizations because there are more intensively connected organizations

in the network. The organizations’ positions and relationships in the network are of strategic

importance due to their effects on the network structure and functionality. The degree centrality

is the most straight-forward measure for centrality that counts the number of ties directly

connected to the focal organization. The organization with a high degree centrality can secure

more opportunities on creation, sharing, and diffusion of critical information, and thereby,

improved performance and competitive advantage (Liu, 2011). Following the measures

suggested by Proctor and Loomis (1951), this study assesses the degree of the node, as d(ni),

which means the number of ties incident to an individual organization. The degree centrality

index of an organization is represented as CD(ni).
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The degree centrality depends on the network size g and has the maximum value of g-1 (the

number of total organizations except for the focal organization itself). A standardized measure

proposed in this study is the proportion of organizations adjacent to ni.

1-g
)d(n = )(nC' i

iD (2)

The other centrality measure, betweenness centrality, allows the numbering of shortest paths

passing through the focal organization. Between-central organizations connect those nodes not

directly connected to each other. Therefore, they can serve as resource repositories with the control

over the resource flow in the network (Freeman, 1979). While the degree centrality evaluates the

impact of each organization on the network, the betweenness centrality measures the significance

of the organization in the network. The standardized betweenness centrality index applied in this

study aggregates the proportion of a node which is positioned between others (Barabasi, 2000).

The formula applied is as follows:
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C´B (ni) is the standardized betweenness centrality of a node I. gjk (ni) is the number of the shortest

paths linking j and k that contains j in between, and gjk is the total number of the shortest paths

linking j and k.

3.3 Structural Holes

This study analyzes the structural hole feature of organizations according to Burt (1992). The

structural hole can be defined as a structural void between organizations in network, where the

organizations are linked to one specific organization but not each other. The structural hole and

the betweenness centrality are different in that the structural hole measures the extent of

redundancy of an actor’s contacts (Burt, 2004). The structural hole is based on the assumption

that actors on either side of the hole have access to different resource flows (Hargadon and

Sutton, 1997). Therefore, structural hole organizations can create social benefits by bridging

resources of mutually disconnected groups.

In this study, the structural hole is measured by the extent of constraints on each organization

within the network. Constraints imposed on a specific organization can emerge when the

organization is linked to other neighboring organizations that are connected to each other

(Borgatti et al., 2002). As the neighbor organizations are mutually connected regardless of the

focal organization, the focal organization cannot fully control the resource exchange between

neighbors, and the resource sharing behavior of the organization is likely to be constrained by

the neighbors. By contrast, if the neighbor organizations are linked only through the focal

organization due to the lack of alternative relations, then the focal organization has exclusive

access to its neighbors’ resources, and the behavior of the focal organization is rarely

constrained by the others.

Burt (1992) proposed a formula to calculate the level of contraints; the behavior of an

organization, i, is constrained to the extent that its neighbors q, in whom the focal organization i

has already invested a large portion of time and efforts for networking, has invested in a

partnership with another of i’s neighbors, j. The total investment of i in j is equivalent to

Pij +å jqiqPP , q ¹ i , j (4)

, where Pij is equal to the strength of directly incident ties from i to j, and å jqiqPP means the sum

of strength of the indirect ties from i to j via all q.

4. Data

This research is based on the information on participant of FP projects from 2002 to 2011.



The data are obtained from the CORDIS system operated by the European Commission. In total,

670 projects are identified under the thematic priority ‘sustainable development, global change

and ecosystems’ of FP6 from 2002 to 2006. Among them, 250 projects are categorized to the

sub-priority called sustainable energy systems, 213 projects to sustainable surface transport,

and 203 projects to global change and ecosystems (EC, 2006; 2007). Four projects, which are

not classified into any of the three sub-priorities, are excluded from the analysis. Regarding the

FP7, this study collects the data on 713 projects, the start dates of which are until 2011, in order

to balance the total number of projects between FP6 and FP7. Considering their thematic areas,

data on 237 FP7 projects are gathered under the thematic area called environment, 294 projects

under transport, and 182 projects under energy.

The total budget of projects under the sustainability block of FP6 accounts for 2,329 million

Euros, forming 12.1% of the FP6’s total budget (EC, 2009). Under FP7, the budget allocated for

three sustainability-related thematic areas has increased to 8,400 million Euros, consisting of

16.6% of the FP7’s total budget. In terms of the budget breakdown of each thematic area, the

budget proportions of the energy and environment areas have not much changed from those of the

previous program, but the transport field has been more than doubled from 3.5% in FP6 to 8.2% in

FP7 (EU, 2006).

While analyzing the consortium data, this study identified organizations that were registered in

the database several times with different names. The reason of duplicate registration is attributed to

the lack of unified rules for entering the organization profile. Therefore, this research carried out a

careful screening process to remove duplicate organization names and avoid the underestimation

of their networking performances. Finally, around 1,800 organizations are identified for each

thematic category, except FP7 energy that had 1281 participants. On average, the number of

participants per a project accounts for 16 under FP6 and 13 under FP7, respectively.

(a) FP6
(b) FP6



Figure 1 Distribution of organizations by research scopes

Figure 1 presents the classification of organization by their R&D scope: energy,

environment and transport. Most organizations are specialized in one research field

(71%~82%). Organizations that are active in two different fields rangres from 12% to 19% of

the entire network participants. The ratio of organizations that participate in all three

sustainability fields consists of 6-10%.

The participant data for each of the project consortia are then prepared for SNA. As depicted in

Figure 2, the data on the organizations in each project consortium are represented in a two-mode

binary matrix of actor (organization) by event (project). The projects can be interpreted as an

affiliation relationship, where a participating organization belongs to the project. If an organization

participates in a project, then the relationship is presented as 1; otherwise, it is marked as 0. The

two-mode matrix is then converted into a one-mode valued matrix of organization by

organization to measure the partnership distribution and intensity between two organizations

through projects. The value of a pair measures the strength of relationship between them as to

how many times they are engaged in the same FP projects together.

Figure 2 Description of project data applied for the network analysis

Furthermore, two attributes are added to organizations that characterize the type and scope

of organizations’ innovation activities. First, organizations are grouped into four types:

university, research institute, industry, and public organization. Funding agencies and

governmental bodies, such as municipalities, are viewed as the public organization. Second, the

scope of organizations’ activities is measured by identifying in which and how many research

fields they are involved. This measurement implies the intensity of interdisciplinary activities

of organizations.



5. Analysis

The analysis section consists of two parts. The first part describes the overall properties of

sustainability R&D networks under FP6 and FP7. The second part illustrates the characteristics of

the main organizations with the highest performance in terms of degree centrality, between

centrality and structural hole for each of the thematic networks. UCINET and Netdraw are

employed to quantify the social network properties and depict the network diagrams (Borgatti et

al., 2002).

5.1 Overall properties of sustainability-related R&D networks

Table 1 describes the overall structures of three sustainability-related R&D networks under FP6

and FP7, respectively. All six networks have low density values with sparse network structures. At

the same time, the networks are well connected that have no isolated organization. The clustering

coefficients, which are much higher than the overall densities of the respective networks, indicate

that all networks have strong local clusters around a few main organizations. In each of the

networks, betweenness centralization is higher than degree centralization, which means that the

deviation of betweenness centralities of the organizations is higher than that of degree centralities.

Therefore, organizations with the high level of betweenness centrality may exert stronger

influence on the network partnerships than organizations with high degree centrality. The densities

of all three networks become lower in FP7. Especially, the density of R&D networks in the

transport area has shrunk by more than half from FP6 to FP7.

Table 1 Overall structure of partnership networks: FP6 vs. FP7

FP6 FP7
Environm

ent
Transport

s
Energy Environm

ent
Transport

s
Energy

Number of projects 203 213 250 237 294 182
Number of organizations 1728 1772 1919 1708 1909 1281

Density: average tie
strength (std. dev)

0.0243
(0.1739)

0.0421
(0.2543)

0.0178
(0.1479)

0.0185
(0.1526)

0.0194
(0.1758)

0.0157
(0.1307)

Clustering coefficient 1.199 1.069 1.039 1.008 1.213 0.956
Degree Centralization 4.01% 4.03% 2.67% 2.83% 1.87% 2.74%

Betweenness
Centralization 6.46% 7.80% 10.40% 9.11% 9.34% 9.16%

Number of isolated
organizations 0 0 0 0 0 0



In line with these results, Figure 3 depicts the distributions of organizations of three

sustainability-related R&D networks in terms of degree centrality, between centrality, and

structural holeness. The majority of organizations are crowded at the low levels of direct and

indirect connectivity. This highly skewed distributions of network properties are related to the

weak densities and centralization values observed in Table 1. In this regard, this research

concentrates on a set of core organizations of each network to manifest the networking patterns

and partnership structures. For each of the thematic networks, top 50 organizations with the

highest performances of degree centrality, between centrality, and structural holeness are selected

for the in-depth investigation in Section 5.2. The thresholds of extracting the core organizations are

over 0.8 for degree and between centralities, and below 0.02 for structural holeness.

(a) Degree Centrality
(Normalized)

(b) Between Centrality
(Normalized)

(3) Structural Hole
(Constraints)

Figure 3 Log-transformed distribution of organizations by network properties
(■: FP6 Environment, ▲: FP6 Transport,◆: FP6 Energy, +: FP7 Environment, ●: FP7 Transport, X: FP7 Energy)

5.2 Characteristics of the main organizations

This section observes the partnership networks of the 50 most influential organizations in terms

of the degree centrality, between centrality, and structural holes. From each of three thematic

networks, the partnership relations of the main organizations are extracted and displayed. In

addition, this research shows their proportions in the network core divided by organization type

and by thematic scope of their participations in the respective FPs in order to show how the

conditions of the funding scheme in both FP6 and FP7 affect the interrelations between the

different thematic areas and organization types.

5.2.1 Environment

Figure 4 presents the relationships among the top 50 organizations selected from the

environmental R&D networks. The influence of each organization and the tie strengths among

them are calculated on the basis of degree centrality, between centrality, and structural holeness,

respectively. The figure clearly shows that all three types of relationships under FP7 are sparser



than those of FP6. The detailed interactions among the organizations by their types and research

scopes are examined in Table 2 and 3.

(1-a) FP6: Degree centrality (1-b) FP6: Between centrality (1-c) FP6: Structural holeness

(2-a) FP7: Degree centrality (2-b) FP7: Between centrality (2-c) FP7: Structural holeness
Figure 4 Networks of main organizations in the environment area

(●: University, ▲: Research Institute, ■: Industry,◆: Public /
White: Participation in 1 field, Light Grey: in 2 fields, Dark Grey: in all 3 fields)

Table 3 discloses an interesting feature of the networks in the environmental field, which is an

active participation of university that almost dominates all three relationships in both periods.

Following university, research institution takes the second place. However, this trend changes by

time. In FP7, the proportions of university in three relationships tend to decrease, whereas those of

research institution take an upturn. This tendency is especially notable in the relationship

calculated by degree centrality, where the proportion of university is highest under FP6, then

replaced by research institution under FP7. For all periods, public sector is rather insignificant at

10-14% of top 50 places, while activities of industry are almost invisible in all three relationships.

Table 2 Classification of main organizations in the environment network by organization type

Degree centrality Between centrality Structural holeness
FP6 FP7 FP6 FP7 FP6 FP7

University 24 (48%) 22 (42%) 28 (56%) 25 (50%) 25 (50%) 23 (46%)
Research 19 (38%) 24 (46%) 16 (32%) 20 (40%) 17 (34%) 22 (44%)
Industry 0 (0%) 0 (0%) 1 (2%) 0 (0%) 0 (0%) 0 (0%)
Public 7 (14%) 6 (12%) 5 (10%) 5 (10%) 7 (14%) 5 (10%)

Regarding the thematic scope, organizations participating in three fields play a significant role



in the core of the environmental R&D network. In FP6, those who participate solely in the

environmental area are most active in the degree centrality relationships with 32% of the top 50

places, while those in three fields are most influential in the between centrality and structural hole

relationships. From FP6 to FP7, the tendency towards multidisciplinary R&D becomes even more

strengthened that the proportions of the most multidisciplinary organizations are highest in all

three relationships. Regarding the combination of two different fields, the combination of

environment and energy is more common than the combination of environment and transport.

Table 3 Classification of main organizations in the environment network by research scope

Degree centrality Between centrality Structural holeness
FP6 FP7 FP6 FP7 FP6 FP7

Environment 16 (32%) 13 (25%) 13 (26%) 12 (24%) 15 (30%) 11 (22%)
Environment
+Transport 7 (14%) 9 (17%) 6 (12%) 5 (10%) 7 (14%) 7 (14%)

Environment
+Energy 12 (24%) 13 (25%) 13 (26%) 10 (20%) 13 (26%) 13 (26%)

All 15 (30%) 17 (33%) 18 (36%) 23 (46%) 15 (30%) 19 (38%)

5.2.2 Transport

This section displays the relationships among the top 50 organizations in the transport area

under FP6 and FP7. The partnership characteristics are explained more in detail in Tables 4 and 5.

(1-a) FP6: Degree centrality (1-b) FP6: Between centrality (1-c) FP6: Structural holeness

(2-a) FP7: Degree centrality (2-b) FP7: Between centrality (2-c) FP7: Structural holeness
Figure 5 Networks of main organizations in the transport area

(●: University, ▲: Research Institute, ■: Industry,◆: Public /
White: Participation in 1 field, Light Grey: in 2 fields, Dark Grey: in all 3 fields)



With respect to the organization types in Table 4, industry shows remarkable partnership

activities in the network core. In contrast to the other thematic fields like environment and energy,

the university, research institution, and industry groups tend to divide the top 50 places of all three

relationships in the transport area quite evenly with similar proportions, while the participation of

public organizations remain scarce. Looking at each of the relationships, university and industry

are in the lead of degree centrality and structural holeness, the trend of which continues under FP7

as well. In the case of between centrality, university and research are the main groups, followed by

industry whose proportions are on the third place with 28% in FP6 and 26% in FP7. On the whole,

the proportions of university have increased by time in all three relationships.

Table 4 Classification of main organizations in the transport network by organization type

Degree centrality Between centrality Structural holeness
FP6 FP7 FP6 FP7 FP6 FP7

University 16 (32%) 17 (34%) 17 (34%) 20 (40%) 17 (34%) 22 (44%)
Research 14 (28%) 13 (26%) 17 (34%) 15 (30%) 10 (20%) 12 (24%)
Industry 18 (36%) 19 (39%) 14 (28%) 13 (26%) 18 (36%) 16 (32%)
Public 2 (4%) 1 (2%) 2 (4%) 2 (4%) 5 (10%) 0 (0%)

The thematic scopes of the top 50 organizations suggest a strongly polarized tendency, where

all three relationships are led by organizations participating either in three thematic areas or in the

transport area only. On one hand, the considerable portion of the main organizations in the

transport area belongs to all three thematic areas. On the other hand, the portions of

monodisciplinary organizations dominate the R&D partnerships in the transport area. These two

groups maintain their dominating roles in both periods with slight fluctuation. Regarding thematic

combination, the organizations specialized in both transport and energy areas are noticeable, while

the combination of transport and environment is rarely observed.

Table 5 Classification of main organizations in the transport network by research scope

Degree centrality Between centrality Structural holeness
FP6 FP7 FP6 FP7 FP6 FP7

Transport 18 (36%) 23 (46%) 15 (30%) 16 (32%) 23 (46%) 16 (32%)
Transport+

Environment 1 (2%) 4 (8%) 1 (2%) 6 (12%) 0 (0%) 4 (8%)

Transport
+Energy 11 (22%) 3 (6%) 12 (24%) 7 (14%) 7 (14%) 5 (10%)

All 20 (40%) 20 (40%) 22 (44%) 21 (42%) 20 (40%) 25 (50%)

5.2.3 Energy

This part describes the relationships of the top 50 organizations in the energy field under FP6



and FP7. Analogous to the environment relationships in Section 5.2.1, Figure 6 also discloses that

relationships among the main organizations under FP6 are much denser than those under FP7.

(1-a) FP6: Degree centrality (1-b) FP6: Between centrality (1-c) FP6: Structural holeness

(2-a) FP7: Degree centrality (2-b) FP7: Between centrality (2-c) FP7: Structural holeness
Figure 6 Networks of main organizations in the energy area

(●: University, ▲: Research Institute, ■: Industry, ◆: Public /
White: Participation in 1 field, Light Grey: in 2 fields, Dark Grey: in all 3 fields)

Regarding the organization types, university and research institution are most active, although

their rankings change from FP6 to FP7. Under FP6, research institute plays a leading role in terms

of degree centrality, between centrality and structural holeness, followed by university on the

second place. Under FP7, the opposite is true, because the role of university becomes significantly

strengthened and takes the leading position followed by that of research institution. The proportion

of industry tends to be insignificant with approximately one fifth of the top 50 places and continues

the third position in both periods, whereas public sector shows the weakest presence at around 5%

with the declining tendency.

Table 7 Classification of main organizations in the energy network by organization type

Degree centrality Between centrality Structural holeness
FP6 FP7 FP6 FP7 FP6 FP7

University 14 (28%) 20 (39%) 13 (26%) 22 (44%) 15 (30%) 18 (36%)
Research 22 (44%) 15 (29%) 17 (34%) 17 (34%) 21 (42%) 16 (32%)
Industry 9 (18%) 12 (24%) 13 (26%) 8 (16%) 11 (22%) 13 (16%)
Public 5 (10%) 4 (8%) 7 (14%) 3 (6%) 3 (6%) 3 (6%)

A noteworthy feature of the energy field is the dominance of the multidisciplinary



organizations in the core part of the R&D networks. Under FP6, the proportions of organizations

participating in three areas account for more than 50% of top 50 places in all three relationships. In

the cases of degree centrality and structural holeness, the influence of multidisciplinary

organizations becomes slightly weaker to below 50% under FP7. By contrast, the between

centrality relationships under FP7 are still greatly occupied by the multidisciplinary organizations

with three thematic areas. Furthermore, the presence of the monodisciplinary organizations is also

remarkable. In both periods, they take the second place in all three relationships. The combination

of energy and environment suggests an increasing influence by time, while the other combination

of energy and transport has rather decreasing importance.

Table 6 Classification of main organizations in the energy network by research scope

Degree centrality Between centrality Structural holeness
FP6 FP7 FP6 FP7 FP6 FP7

Energy 11 (22%) 15 (29%) 17 (34%) 11 (22%) 13 (26%) 17 (34%)
Energy+Environment 7 (14%) 10 (20%) 4 (8%) 7 (14%) 5 (10%) 10 (20%)

Energy+Transport 6 (12%) 3 (6%) 4 (8%) 3 (6%) 5 (10%) 3 (6%)
All 26 (52%) 23 (45%) 25 (50%) 29 (58%) 27 (54%) 20 (40%)

6. Discussions and implications

By time, the R&D networks in the sustainability field become loosely connected. The overall

densities of all three thematic networks tend to decrease from FP6 to FP7. The figures about the

relationships among the top 50 organizations also reveal that the core part of the networks in the

later period is sparsely connected with the weaker tie strengths. In other words, the network

participants under FP6 tend to have strong interactions through the multiple projects, whereas

those who participate in FP7 tend to pursue smaller project consortium with even more diverse

partners. Under FP7, the leading organizations in the networks prefer new entrants as the project

partners to the large incumbent organizations.

Regarding the organization type, university shows the most remarkable activities in the leading

part of all three thematic networks, followed by research institution and industry. This outcome is

also in line with the Triple Helix theory that was proposed in the 1990s by Etzkowitz (1993) and

Etzkowitz and Leydesdorff (1995) in the course of the increasing partnerships among university,

industry, and government in the knowledge society. This model explains the complex dynamics

between three organization types, such as university, research institution, and industry, within the

networks (Leydesdorff and Meyer, 2006) and highlights a central and prominent position of



university in the inter-organizational innovations. In an emerging field such as the sustainability

field, research can be led by academic organizations in the initial phase and companies might be

more active once the related markets get sophisticated. However, this research detects that the role

of industry is quite considerable in the transport R&D networks. This result can be partly due to the

huge contribution of international automobile companies to the pioneer research and partly due to

the higher level of market sophistication of the transport sector than those of the environment or

energy areas.

Throughout two periods, the influence of the multidisciplinary organizations tends to take the

most significant position in connecting the partnerships. This phenomenon can be, to some extent,

relevant to the disruptive characteristics of the sustainability R&D. Disruptive R&D can require

innovation in behaviors, structures, and processes that have been optimized with their current

formats and combined with specific societal contexts (Doranova et al., 2012). This transformation

process can be successfully addressed when knowledge from different fields are well integrated to

cover the entire process. Therefore, the tendency of multidisciplinary R&D is projected to be

intensified in the future as well to address increasingly complex issues and create a synergistic

effect.

Comparing three network properties, the between-central organizations are observed to be most

multidisciplinary in both FP6 and FP7with the highest proportions of organizations participating in

three fields. As between centrality measures the capability of an organization to connect other

mutually unconnected organizations, the multidisciplinary organizations who serve as the

information repository within the network can be most between-central.

Among three thematic areas, the energy area tends to play a bridging role in connecting other

fields, because the R&D partnerships between energy and environment, such low-carbon energy

or carbon capture and storage, or those between energy and transport, such as energy-efficient

transportation system and renewable fuels, are relatively noticeable as compared to the interactions

between environment and transport.

Findings from this study shows that the restructuring of R&D funding schemes does not seem to

cause evident changes in relations among organizations and disciplines. The loosened densities

and relationships in the network core indicate that the relationship patterns established under FP6

have fragmented to some extent and new and more diversified relationships emerge under FP7.

Nevertheless, the influence of the segmented funding programs on the partnership behaviors for

sustainability R&D are rather insignificant, because the trends of each thematic field have not

much changed from FP6 and FP7 and they rather show a consistent tendency. For example, the



prominent position of multidisciplinary organizations in the energy area is sustained and the active

participation of industry in the transport area is maintained throughout the periods.

Nevertheless, the findings imply that the funding segmentation under FP7 can have a positive

effect on promoting the sustainability R&D activities in general. The results illustrate that each of

the fields has individual characteristics and these field-specific characteristics, not the funding

frameworks, are the main determinants of partnerships patterns. If the segmentation of the funding

programs can provides better process for considering the field-specific characteristics, the

requirements of individual projects can be managed in more proper manner. In this regard, Foxon

et al. (2005) suggested that the R&D of specific renewable energy technologies was impeded

because incentives, which were mostly offered by generic measures of energy policy, were

unable to promote the early-stage R&D of these technologies.

Under Horizon 2020, which is the current and future funding scheme of the EU started in

2014, this segmentation principal is continuously adopted. The program called Societal

Challenges under Horizon 2020 supports R&D to meet seven broad challenges, including

“climate action, environment, resource efficiency and raw materials”, “smart, green and

integrated transport” and “secure, clean and efficient energy”, etc. The segmentation of

environment, transport, and energy still remains but the objectives of the fields are specified in

more detail. Except for these categories, the concerns of sustainability are extended to the rest

categories as well to develop breakthrough solutions from multidisciplinary collaborations,

including social sciences and humanities.

In sum, this research shows that the formal modification of funding framework does not

provide noticeable influence on the relationships between specific fields or certain organization

types, because the relationships are rather affected by the inherent characteristic of the respective

field itself. In the long term, however, the segmentation of thematic fields may improve the

efficiency of R&D support because it can facilitate the consideration of field-specific

circumstances when supporting the R&D projects. Even though the interdisciplinary

convergence research is the general trend nowadays, the funding program should develop

differentiated and specialized measures for each thematic field. The enhanced understanding of

the features of previous EU innovation programs can, thus, enable EU policy makers to devise

targeted incentives in the long-term dynamics of EU innovation funding scheme in a particular

sustainability domain.



7. Limitations

This research is not without limitations despite its contributions. First, this research deals with

the narrow scope of sustainability research, which covers only three thematic areas - environment,

transport and energy. A comprehensive study on networks of sustainability-related projects in all

the thematic areas of the FPs and Horizon 2020 will give policy makers richer implications about

determinants of promoting sustainability research. Second, this work is still limited by the

difficulty of analyzing the dynamic aspects of complex networks. Other variables can also be

applied to examine the determinants of EU-funded R&D networks in the sustainability area. Third,

the networks analyzed are initiated by the EU and formed around the European organizations.

Hence, EU-funded networks are more or less embedded in larger and international networks. An

extended research can adopt the global partnership factor as an endogenous factor to analyze the

regional-international interactions of the sustainability R&D networks.

Finally, there are a couple of limitations for employing the FP data. Firstly, this research is faced

with the integrity problem of the organization profile. Entering an organization’s information to

the CORDIS database is not an automated system yet that has no way to detect errors in the data

input, such as the name of organization. As a consequence, a vast number of organization data

should be checked manually to identify unique entities and avoid the duplications. This tedious

process can prevent researchers from expanding the scope of their analyses. Secondly, this

research confronts with question how to treat international organizations or multinational

companies in network research. For example, the CORDIS data has a number of organizations

who have their branches over different countries or who have subsidiaries for different technology

fields. The results can be greatly influenced by the decision of whether to merge them as one

organization for connecting their networks, or whether to regard the individual organization as an

independent entity in the network. Further guideline should be given with respect to the

registration of the organization profile.
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