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1. Introduction

During the last years, the concept of the Circular Economy (CE) has received increasing attention
from practitioners, policymakers and scholars alike (Antikainen et al., 2018; Korhonen et al.
2018); this is largely due to the rapid evolution of developed countries’ industrial productive
systems since the second half of the 19th century (Whicher et al., 2018). In advanced industrial
systems, such as the ones of Europe, Japan, the US, and, in the last years, China, the dominant
linear economic model ‘take, make, and dispose’ (Ghisellini et al., 2016) has increasingly been
accompanied by new arguments focused on closed loop material systems (Stahel, 2010), cradle-to-
cradle flows (Braungart et al., 2008), reuse of goods, recycling of materials and resource efficiency
(Bocken et al., 2016), and decoupling prosperity from resource consumption (Sauvé et al., 2016).
Therefore, CE emerged as a regenerative system that contributes positively to an efficient use of
resources, by keeping materials and products at their highest utility and value through the adoption
of closing-the-loop activities (Ellen MacArthur Foundation, 2013).

Worldwide, the concept of CE is thus gaining rapidly in importance, not only as an alternative
cyclical flow model, but also as a biophysical and business model to boost competitiveness and the
development of new forms of business (Bocken et al., 2014, 2016; De Jesus and Mendonga, 2018;
Ghisellini et al., 2016; Lahti et al., 2018). Besides academia and business, the concept of CE has
gained traction with governments and intergovernmental agencies (Geissdoerfer et al., 2017).
Germany is considered a pioneer in this sense, with the enactment of the Closed Substance Cycle
and Waste Management Act (Su et al., 2013), preceded by the implementation of the Dual System
for waste collection in 1991 (Bertossi et al., 2002). Similarly, in 2002, the Japanese government
introduced the Basic Law for Establishing a Recycling-Based Society (METI, 2004), while China
was the first country to explicitly refer to CE in a normative act, with the 2009 Circular Economy
Promotion Law (Su et al., 2013; Geissdoerfer et al., 2017). In 2015, the European Commission
promoted the introduction of the European CE package (COM, 2015; Domenech and Bahn-
Walkowiak, 2019), which supported the introduction of good practices of CE at different levels, in
particular at local levels. Although the efforts made by the European Commission to make CE one
of the leading concepts for its future industrial policy (COM, 2015), China and the United States
are among the leaders in CE-related research programmes (Su et al., 2013; Stahel, 2016;
McDowall et al., 2017) at the global level.

In spite of literature suggesting that the scientific research content of the CE ‘remains largely
unexplored’ (Korhonen et al. 2018: 37), the cornerstones of the CE model have been clearly
defined. It focuses on four main principles (restorative loops; resilience; energy from renewable
resources; systemic approach), and it builds also upon the industrial ecology and industrial
symbiosis literature (Abreu and Ceglia, 2018; Herczeg et al. 2018; Martin and Harris, 2018); it is
primarily based on the notion of resource cycles, and it aims to keep products and materials at their
highest value (Ellen MacArthur Foundation, 2013). In light of these four principles, the CE
concept is related to network perspectives with their focus on coordination and knowledge
exchange: Geissdoerfer et al. (2017: 762) highlight the ‘relevance of coordination between
multiple agents’, while Ghisellini et al. (2016: 12) stress that ‘sustainability patterns (such as CE)
not only require innovative concepts but also innovative actors. In fact, due to the complexity of
the sustainable development vision, most often its implementation needs to be supported by
innovation designers and intermediaries who provide services and designs towards appropriate
radical changes’. Similarly, from a supply chain management perspective, the stakeholders’
involvement, as part of a more effective sustainability management approach, supports the
transitioning toward a circular economy (Genovese et al., 2017). While the industrial ecology
literature has also emphasized the multi-stakeholders’ involvement in CE transitioning (Winans et
al., 2017), the question remains what the particular role of individual and multiple stakeholders is
in this transitioning process, in particular at local level. The review by Reed (2008) documented
that stakeholder participation can enhance the quality of environmental decisions, while it has been
recognized that multi-stakeholder processes are necessary to implement public policies in response
to complex challenges related to environmental changes (Newig and Fritsch, 2009; Saint Ville et
al., 2017). Recent work has thus analysed stakeholders’ views for Extended Producer
Responsibility (EPR) regulations, which require that producers organize and pay for treatment and
recycling of waste arising from their products (Kunz et al., 2018). Other studies have investigated
the contribution of single stakeholders, mainly private organizations, in changing product
strategies to appeal to consumers (De los Rios and Charnley, 2017; Urbinati et al., 2017). Scholars
have further identified the views of individual stakeholders, such as that of private organizations in



Europe (Leipold and Petit-Boix, 2018), the extent and role of local government (Wright et al.,
2018), and the extent to which CE research aligns with local practices when considering city
initiatives (Petit-Boix and Leipold, 2018).

The role of stakeholders’ knowledge-sharing to support the transition toward CE has recently
received attention in the literature, even if it is still an unexplored issue. The recent work by Marra
et al. (2018) investigated the potential for knowledge sharing and research-based cooperation in
policymaking process. Using Social Network Analysis (SNA) applied to secondary data, the
authors investigate the potential for cooperation across research disciplines working on CE, to
highlight that a shift to a CE system needs effective policy interventions. Sending to or receiving
knowledge from experts has been viewed as the basis for the implementation of public policies
(Reed et al., 2014), and policymaking has been characterized by the concurrent exchange of
different forms of knowledge on different issues in a multi-stakeholder setting (Partiddrio and
Sheate, 2013; Sheate and Partidario, 2010).

In spite of the above works, it appears that much of the CE-related studies concentrates on
economic and environmental aspects, particularly on the redesign of manufacturing systems, the
renewal of energy production and distribution systems, and the management of input flows (e.g.
Murray et al., 2017), with a relatively more limited focus on knowledge exchange and the network
dimension. Moreover, the social dimension appears to be neglected, both in terms of social
impacts of CE and in terms of social relationships that can lead to the development of a CE system
(Kirchherr et al., 2017; Moreau et al., 2017; Murray et al., 2017; Sauvé et al., 2016). It appears that
there is a lack of empirical studies on the role of local stakeholders interacting for the development
of a local CE system (Domenech and Bahn-Walkowiak, 2019). The introduction of a CE model
requires the development of local processes aimed at introducing closing-the-loop activities (Ellen
MacArthur Foundation, 2013). The assessment of these activities requires a micro- and local level
evaluation framework (Christis et al., 2019). Specifically, a network-based analysis of local
stakeholder interactions appears missing, and an investigation into the roles played by these
stakeholders for developing a CE system.

In light of the above evidence, this paper seeks to answer the following research question: which
roles are played by local stakeholders involved in the implementation of a local system of CE
initiatives? The aim of this study is to provide two key contributions. First, we intend to contribute
with the provision of a network perspective on CE, applied to primary data from stakeholders
active in local CE-related initiatives. Second, we extend the evidence-basis on CE-based
stakeholder involvement from European regions and cities. The case study from Bavaria by
Messmann et al. (2019) focuses on the theoretical potential for the preparation for the reuse of
specific waste material streams, whereas the case study from Sweden by Miliute-Plepiene et al.
(2015) identifies factors for improving stakeholder behaviour with regard to food waste sorting.
Since European cities comprise more than 70% of the total European population and mid- and low
size cities (below 250,000 inhabitants) account for 28% of the total city residents in the European
context (European Commission, 2016), our case analysis concentrates on the City of Ferrara
(Italy), which is representative of the small or medium-sized European cities in terms of urban
population; moreover, in the last years, this city has promoted a number of initiatives to promote
CE with the aid of local stakeholders. In contrast to previous case analyses, ours is unique in that it
maps interactions between stakeholders based on the knowledge exchange with respect to five of
the most important activities gathered under the label of CE (COM, 2014): food waste reduction,
organization of local supply chains, energy saving, waste management, and ecosystem services
provision. The underlying data are used to conduct a SNA of stakeholders’ activities within their
knowledge networks. We map the multiple knowledge exchanges between stakeholders, and we
analyse their brokerage roles pursuing shared objectives on specific CE activities. The paper is
structured as follows. Section 2 provides a short introduction on the relevant CE literature, and, in
particular, the importance of the stakeholder networks in CE implementation. In section 3, the data
and methods are described. Section 4 presents and discusses the results, while section 5 concludes.

2. Literature
2.1. Circular Economy (CE)

The origins of CE can be traced to ecological economics, environmental economics and industrial
ecology (Ellen MacArthur Foundation, 2013; Ghisellini et al., 2016; Geissdoerfer et al., 2017;
Winans et al. 2017; Antikainen et al., 2018). As pointed out by Andersen (2007) and Geissdoerfer
et al. (2017), the notion of CE is rooted in the works of Kenneth Boulding (1966), Nicholas



Georgescu-Roegen (1971), and Pearce and Turner (1990). Boulding (1966) was perhaps the first
to highlight problems related with the standard open representation of the micro-economic system,
which he labelled as ‘cow-boy economy’, to argue for a new conception that addressed recycling
(‘spaceship economy’). Georgescu-Roegen (1971) stressed the idea of the thermodynamic nature
of the economic cycle and the unavoidable energy dissipation from raw materials to consumption.
Starting from these contributions, Pearce and Turner (1990), by adopting an environmental
economics perspective, first introduced the notion of CE, addressing the interlinkages between
four economic functions: amenity values; a resource base for the economy; a sink for residual
flows and a life support system.

Other theoretical foundations of CE are found in different disciplines (Ellen MacArthur
Foundation, 2013): industrial metabolisms (Ayres, 1994); regenerative design (Lyle, 1994);
biomimicry (Benyus, 2002); product life cycle and performance economy (Stahel, 2010); waste
management, in particular the cradle-to-cradle approaches (Bakker et al., 2014; McDonough and
Braungart, 2002). The notion of the CE is based on three key activities, namely reduction, reuse,
and recycle (the so-called ‘3R’s Principles’) in the processes of production, consumption and
circulation (Feng and Yan, 2007; Yong, 2007), which are applied to the design of products,
directing consumer choice, lending or sharing of services, modernisation of waste policy, and
resource efficiency (COM, 2014). The Ellen MacArthur Foundation (2013: 7) introduced CE as
‘an industrial economy that is restorative or regenerative by intention and design’. Sauvé et al.
(2016) add emphasis on the closed loops issue: CE is the production and consumption of goods
through closed loop material flows, internalizing environmental externalities linked to virgin
resource extraction and to the generation of waste and pollution. Geng and Doberstein (2008b)
remark that the viability of the reintegration of post-consumption products into the manufacturing
process claims for economic incentives. Bocken et al. (2016) refer to CE as a system of design and
business model strategies able to slow down, close, and narrow resource loops: they claim that CE
gets the cycling of resources through the design of long-life goods and product-life extension, the
extension and intensification of the utilization period for products, the closure of the loop between
post-use and production, and the saving of resources per product unit.

The application of the ‘3R’s Principles’ relates to the concepts of sustainability and sustainable
development, in terms of their focus on environmental conservation and economic development
(Pearce, 1988), since sustainable development is a collective long-term goal involving the
exploitation and scarcity of resources, the direction of investments, and the orientation of
technological development (Clark, 2007; von Weizsicker and Wijkman, 2018).

Despite the linkages between the concepts of sustainable development and CE, a number of recent
works have contributed to clarify their similarities and differences (Geissdoerfer et al., 2017,
Korhonen et al. 2018; Pieroni et al., 2019). Scholars have increasingly supported the assumption
that sustainability can be achieved through the CE as a new pattern of growth (Heshmati, 2016).
As for the implementation of a sustainable system, CE requires the development of deep and
harmonious relationships between economy, environment, and society, in order to achieve
mutually supporting progress and competitiveness (Domenech and Bahn-Walkowiak, 2019).
Nonetheless, sustainable development is a society objective defined at the macro-level and
includes broad notions of ecological, economic, and social sustainability (Bartelmus, 2013); in
contrast, the CE concept is also defined at the micro- and local level (Christis et al., 2019), yet is
an evolving concept (Merli et al., 2018). In this sense, the idea of CE prioritises the economic
systems with primary benefits for the environment, and only implicit gains for social aspects.

CE emerged as an umbrella concept in the 2010’s (Blomsma and Brennan, 2017), envisioning the
achievement of a more resource effective and efficient economic system through the
implementation of business model strategies based on narrowing resource loops (Bocken et al.,
2016). This concept is seen as a means to achieving sustainability, with a narrower focus on the
economic and environmental dimensions, rather than the social dimension. The concept of CE has
progressively influenced policymakers at local, national, and international levels (Geissdoerfer et
al., 2017a): CE initiatives started to be promoted at institutional levels, sometimes by means of
soft legislation, e.g. in Japan (UNEP, 2013) and in the EU as part of CE initiatives (COM, 2015),
and sometimes with a top-down approach through command-and-control policies, e.g. in China
(Geng et al., 2012; Su et al., 2013). As for the EU, only limited progress has been accomplished in
regard to implementing the CE concept (Kirchherr et al., 2018). In many cases, legislation and
policy initiatives have followed five key activities gathered together under the label of CE (COM,
2014), namely food waste reduction, the organization of local supply chains, energy saving, waste



management, and ecosystem services provision. Food waste and waste management in general are
worldwide problems, which are both increasingly addressed by governments and international
organizations (Xu et al., 2016; Canali et al., 2017) and explored by researchers interested in the
transition towards a circular food system (Ek and Miliute-Plepiene, 2018; Jurgilevich et al., 2016).
Considering the organization of local supply chains, it is viewed neither as a strictly social nor an
environmental problem or an objective to achieve, but it can be a strategy to reduce wastage and
increase logistic efficiency throughout socially and environmentally responsible value chains
(Gallaud and Laperche, 2016). With regard to energy saving, it is viewed as an objective of a
functional circular model, which provides for the reduction of energy demand and the increase in
using renewable energy sources (Cooper et al., 2017). The provision of ecosystem services is
strictly related to the concept of circular flows of resources, even if it is ‘far less well understood’
(Ellen MacArthur Foundation, 2013: 17).

In light of the above conceptual underpinnings, we anticipate that the implementation of a CE
system requires the involvement of multiple stakeholders at different institutional and regional
levels, since it needs the development of deep and harmonious relations in order to achieve
mutually supporting progress and competitiveness (Domenech and Bahn-Walkowiak, 2019). The
adoption of local policies for the implementation of a CE system can result from stakeholder
interactions occurring at a macro-institutional (Geng and Doberstein, 2008a) or micro levels
(Kirchherr et al., 2018). This focus on inter-organizational relationships points to the potential
importance of networks among stakeholders, and the potential role that policymakers have in
developing strategies built on CE.

2.2. Local stakeholder involvement and network perspective for promoting CE

The geographical scale at which the notion of CE is analysed and implemented is critical for its
success, yet the issue of spatial and system boundaries remains contested in the CE debate (Bahers
et al., 2017). The policies for the implementation of CE perspectives are mostly designed at the
national, if not supranational level (e.g. EU), frequently paying less attention to local levels
(McDowall et al., 2017). This is also evident with respect to the definition of the indicator system
for CE, which is well-developed at the national-level, but still incomplete at the urban-level (Geng
et al., 2012). The idea of CE at the local (urban) scale embraces the notion of proximity and the
role of local actors (Bahers et al., 2017). It focuses on the capability at which local-level basic
needs can be satisfied, such as with regard to food or waste recovering (Emelianoff, 2007).
Therefore, a local-level focus for developing CE becomes potentially of fundamental importance,
because, as illustrated by Graymore et al. (2008: 369), at this scale ‘the community is more easily
mobilised for collective action’. However, it is important to distinguish between stakeholders’
involvement in the CE and stakeholders’ involvement in sustainability activities. CE-related
activities are specifically based on the idea of keeping materials and products circulating in a
closed loop; as illustrated by Pieroni et al. (2019), CE is intended as a means to achieve
sustainability, but not all systems adopting CE principles are intrinsically sustainable. Universities
and research centres, whose social mission is to support knowledge dissemination, stimulate
circular regeneration by cooperating in symbiosis with local communities, supporting the
introduction of knowledge-based systems and mobilising human and economic resources in order
to promote a culture of reduction, reuse, and recycle (De Medici et al., 2018; Kalmykova et al.,
2018). Private organizations concentrate on innovating their productive processes by creating
‘products that are easy to disassemble, and maintain an internal responsibility for reutilizing
material through successive life cycles’ (Buch et al., 2018: 709); moreover, they are encouraged to
create ‘holistically sustainable supply chains’, to increase ‘competitive advantage, reputation, and
legitimacy’ (Buch et al., 2018: 710).

Local stakeholder involvement has been investigated in a number of researches. German and
Scottish case studies have shown that public awareness and understanding about CE is still poor
between local stakeholders (Leipold and Petit-Boix, 2018, and Wicher et al., 2018, respectively).
This is likely an outstanding problem, since stakeholder participation and collaboration are crucial
for the development of CE systems (Ghisellini et al. 2016; Govindan and Hasanagic, 2018; IES,
2015; Leipold and Petit-Boix, 2018; Wicher et al., 2018). The existence of barriers to the
implementation of CE claims is critical for educational and awareness actions by institutions (Su et
al., 2013), as well as for deeper communication and information among local stakeholders (Brown
and Bajada, 2018). When these barriers are overcome, local stakeholders can communicate
effectively, for instance for directing and coordinating local inhabitants’ activities and for
measuring related performance (Brown and Bajada, 2018). The potential role of stakeholders is



further addressed by Messmann et al. (2019), who identify via a case study from Bavaria a
theoretical potential for the preparation for reuse of specific waste material streams, highlighting
the importance of the role of mode of collection. Miliute-Plepiene and Plepys (2015) provide
further case study evidence from Sweden, identifying factors for improved stakeholder behaviour
with regard to food waste sorting.

Stakeholder and network perspectives are also captured in the literature on Industrial Symbiosis
(IS), which highlights the importance of possessing different capabilities to promote CE, i.e.
involving different stakeholders in networks of relations. Abreu and Ceglia (2018: 100) point out
that ‘CE requires actors to work together to solve a collective problem, their ability to do so being
shaped by institutional capacity (IC)’. The specific knowledge owned by local stakeholders can be
targeted to solve problems, such as local environmental management issues; therefore, integrating
different spheres of knowledge, by creating relational networks, while supporting the capacity to
absorb new knowledge from others, is fundamental to find common solutions (Jiao and Boons,
2017).

Beyond stakeholder involvement at multiple levels, the question remains as to the specific network
characteristics relevant for promoting the CE implementation. Ashton (2008) found that strong
inter-organizational relationships focused on IS practices are common within groups of actors
operating at the core of the network; central actors play a special role in local networks, by
encouraging, or reducing, the spread of knowledge flows. The network theory suggests that local
stakeholders can take this knowledge dissemination role more effectively when they assume a
central position in the network (Scott and Carrington, 2011). Specifically, local stakeholders can
enhance network performance, supporting knowledge dissemination by acting as brokers,
facilitating the acquisition of knowledge for the members of their own group (i.e., being internally-
oriented) or supporting the diffusion of knowledge to other groups (i.e., being externally-oriented)
(Gould and Fernandez, 1989).

A broker can bridge a gap in a social structure by offering goods, information, or knowledge
across gaps (Burt, 1992; Gould and Fernandez, 1989). Interacting with members of different
groups can provide greater opportunities and power, through sharing knowledge and resources
with specific selected actors, thereby benefiting from structural holes that can create new synergies
(Burt, 1992; Shipilov and Li, 2008). However, a broker position of power can also lead to
disadvantages (a form of ‘isolation’ due to the particular position towards other actors), and
therefore requires a balancing in social relationships (Burt, 1992). Furthermore, the CE literature
has also investigated the degree to which networks are characterized by path dependencies and
lock-in (Korhonen et al., 2018), in particular in the context of CE-type innovations and the related
economics literature on path dependency.

The above insights suggest the investigation of two key hypotheses, and in developing these
specifically in the context of local CE stakeholders, we need to distinguish between two specific
network brokerage types. The network theory literature distinguishes between ‘fertius gaudens’
and ‘fertius iungens’ broker (Burt, 1992; Garriga, 2009; Quintane and Carnabuci, 2016). The
former refers to an agent who consciously creates and maintains structural gaps, selecting
information for his personal benefit and procuring to become essential in the network; the latter
refers to an agent who makes the coordination effort, bridging together the different nodes,
reducing isolation to a minimum. The language and the behaviour of the ‘fertius gaudens’ local
stakeholders are made of competition, control, and manipulation, in contrast to the language of
coordination and common benefit belonging to ‘fertius iungens’ strategy (Garriga, 2009).

Through the exchange of knowledge, we conjecture that local stakeholders can benefit by
acquiring new knowledge on different issues related to CE, or by spreading their own knowledge
on a topic in which they are specialized. From the above, this knowledge exchange could be
understood in terms of inward- versus outward-orientation. Adopting a specific strategy is
anticipated to have a direct impact on the ‘orientation’ of the stakeholders, which leads to two
different solutions: reducing the number of relationships and adopting a ‘tertius gaudens’ strategy,
becoming ‘the only passage through which information flows across the hole’ (Quintane and
Carnabuci, 2016: 1343); or being involved in a dense network of relationships to facilitate
knowledge exchange amongst all groups of stakeholders, adopting a ‘fertius iungens’ strategy. The
above considerations lead us to propose the following two central hypotheses:

H1: Stakeholders who act as ‘fertius gaudens’ are characterized by inward-orientation of their
brokerage activity for supporting knowledge diffusion on CE initiatives.



H2: Stakeholders who act as ‘fertius iungens’ are characterized by outward-orientation of their
brokerage activity for supporting knowledge diffusion on CE initiatives.

3. Data and methods
3.1. Empirical context: The City of Ferrara

Our empirical context is embedded into European CE policy initiatives that have received little
scrutiny. The EU has been judged as ‘taking baby steps’ (Stahel, 2016: 436) in developing
research programmes to foster CE, also through multi-stakeholder involvement for achieving
resource efficiency and promoting CE since 2014 (COM, 2014). Nevertheless, these steps have
been judged to have resulted in the strengthening of multiple interactions between stakeholders at
different CE levels (Geissdoerfer et al., 2017), whose tangible effects are visible by consulting the
European Circular Economy Stakeholder Platform, which displays initiatives on CE promoted by
single or multiple stakeholders (European Circular Economy Stakeholder Platform, 2018). The
importance of local CE-related practices and policies is evident at the micro- and local level,
especially for European cities (Christis et al., 2019), which comprise more than 70% of the total
European population (source: European Commission 2016). Our study focus is on the City of
Ferrara for several reasons. This city, which is located in the Emilia-Romagna region, the first
Italian region that adopted a regional law dedicated to the CE (Regione Emilia-Romagna, 2015),
could be viewed as a representative mid-size European city (approximately 130,000 inhabitants in
2018, i.e. the median population of EU cities according to Eurostat’), the kind of settlement that
hosts almost one third of the total urban residents (European Commission, 2016). Ferrara has been
noted for its exemplary implementation of CE-related practices over the past years (Joss, 2011;
Balducci and Ferrara, 2018; Bonato and Orsini, 2018). In particular, Ferrara has introduced a
mixed top-down/bottom-up approach to develop CE at the local level, involving local stakeholders
in sharing ideas on strategies and the implementation of CE-related initiatives: e.g. the
implementation of the Green Public Procurement since 1994; municipal campaigns that offer
waste recycling laboratories; the support of food waste reduction initiatives; the establishment of a
multi-stakeholder advisory board, openness to citizenship and the fostering of innovative activities
in collaboration with the local multi-utility company (Municipality of Ferrara, 2014a; Municipality
of Ferrara, 2014b). In addition to being particularly attentive to environmental issues (Municipality
of Ferrara, 2014a; Municipality of Ferrara, 2014b), to which Ferrara and other European
municipalities are subscribing through the Aalborg Charter, Ferrara has fostered the creation of a
multi-stakeholder network aimed to develop CE in the community.

3.2. Data collection

Primary data were collected in autumn 2017, as part of a European Interreg project on
environmental and resource efficiency. The objective of this project was to address the issue of
environment and resource efficiency, by fostering collaboration and the exploitation of good
practices amongst local stakeholders. The City of Ferrara was in charge of managing the project
and establishing contacts with all relevant stakeholders.

In collaboration with public managers from the Centre for Sustainability Education (CEAS) of the
City of Ferrara, we created an initial list of key local stakeholders that were involved in CE
projects during 2017 or in the past, or whose mission presented a connection with the topics
concerning the CE issue. Afterwards, a Snowball Sampling Approach (Scott and Carrington,
2011) was used to identify other stakeholders that should be interviewed on the issues surrounding
CE. The identification and mapping process of the local stakeholders considered the importance of
organizational characteristics and local representativeness of the different groups (Friedman and
Miles, 2006). In total, 42 local stakeholders involved in CE-related activities within the City of
Ferrara were mapped out.

The CEAS organized two round tables in November and December 2017, where project
researchers acquired contact information from the participants. To collect data, we used an online
questionnaire that was sent to stakeholders by e-mail, using the above contact information. The
questionnaire was structured into five sections, primarily using Likert-scale question and open
response formats: involvement of the organization on CE activities; level of experience of the
organization; collaborations; availability to establish new collaboration and general information
about the organization. Every respondent was responsible for answering on behalf of their

* Our own elaboration based on data available at: https:/ec.europa.eu/eurostat/web/cities/data/database.
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organization, taking into consideration the attributes and the relations pertaining to their
organization.

[Figure 1]

We divided local stakeholders into six categories, according to their primary organizational
activities: business associations, foundations, local and regional administrations and agencies,
private organizations, research institutes, and social organizations (citizens’ associations, NGOs
with a primary social mission, NGOs involved in CE and environmental issues). More than half of
the total of the local stakeholders (22 on 42 stakeholders, hence 52.4%) answered the online
questionnaire. Respondents are mainly local and regional administrations and agencies (Figure 1).
In our analysis, we also include those organizations that did not complete the survey, since we rely
on the information provided by the group of respondents. Therefore, the results illustrated in
Section (4) concern the full list of 42 stakeholders.

3.3 Social Network Analysis (SNA)

To define the roles assumed by each local stakeholder, we used tools derived from SNA, (Borgatti
et al., 2009; Scott and Carrington, 2011). In particular, SNA is used to map the relationships
between stakeholders and analyse their roles. To do so, we asked interviewees about the extent to
which their organization received (provided) knowledge on food waste reduction, energy saving,
ecosystem services provision, waste management, and/or the organization of local supply chains
during the 2012-2017 period, from (to) other organization(s), and which one provided (received)
knowledge. Interviewees had the opportunity to select multiple sources of knowledge, and to
indicate additional organizations not provided in the roster. We considered the 2012-2017 period
as the European Commission started to promote the knowledge of CE since 2012 (Ellen
MacArthur Foundation, 2013; COM, 2014). Based on the response data, we created five one-mode
knowledge networks that consist of nodes (stakeholders) connected by edges representing a
knowledge transfer between pairs of stakeholders on each of the five topics of interest for CE.
From these networks, we calculated three measures for determining the stakeholders’ role within
each network: degree centrality, betweenness centrality (Freeman, 1979), and brokerage (Gould
and Fernandez, 1989). The analysis was undertaken using the software UCINET VI (Borgatti et
al., 2002). The degree centrality is the number of connections detected for each stakeholder, and it
measures the ‘popularity’ in the network. For directed networks, i.e. those networks where the ties
between actors have a direction (Scott and Carrington, 2011), in-degree is the number of incoming
ties of a node, while out-degree is the number of outgoing ties. Betweenness centrality is a
measure of centrality that is useful to assess the strategic importance of a node in a network, and it
is measured as the fraction of shortest paths between node pairs that pass through the node of
interest (Scott and Carrington, 2011).

[Figure 2]

Brokerage is defined as the possibility to interact with a specific actor on behalf of a third actor.
Group affiliation is important in brokerage processes (Burt, 1992). According to the direction of
the tie and the group affiliation (using the six stakeholders’ categories illustrated in Paragraph 3.2),
in a situation where a sends a tie to b, b sends a tie to ¢, and there are no ties between a and c, the
five possible brokerage roles of b are (Figure 2): a.) Coordinator (when both actors belong to the
same group); b.) Consultant (when a and ¢ belong to the same group, while b belongs to a different
group); c.) Gatekeeper (when a and b belong to the same group, while ¢ belongs to a different
group); d.) Representative (when b and ¢ belong to the same group, while a belongs to a different
group); e.) Liaison (when each actor belongs to a different group). The first two roles have an
inward orientation, while the last three roles have an outward orientation; the former put emphasis
on knowledge accumulation within their own group, i.e. they transfer knowledge mainly to their
fellows, while the latter are modes dedicated to ‘knowledge dispersion’ towards different actor and
their groups.

4. Results

Through the network data, we could identify five knowledge networks, one for each of the five
key activities of CE. The sum of these five networks depicts the total knowledge network. These
networks enable a quantitative analysis that identifies the roles played by stakeholders in the
implementation of a local CE system. It is important to consider the total knowledge network for
the analysis, since it provides information on the total exchange of knowledge without
differentiating the type of knowledge exchanged. Given that this network information on the



presence (or the absence) of a relationship is relevant, and not the information on the frequency of
knowledge exchanges between the same stakeholder dyads, we therefore created an adjacency
matrix A where for each pair of stakeholders i and j the component a; assumes the following
values:

- 1, if there is an edge from i to j due to the presence of one or more knowledge exchanges
(i.e. the exchange of knowledge on one or more CE-related activities);

- 0, otherwise.

As we see from Figure 3, three social organizations (ID1, IDS5, and ID31) are particularly central
in the network. In contrast, business associations are peripheral, since they mainly receive
knowledge from other stakeholders, without actively taking part to the local exchange. Private
organizations have a strategic position: they are closely located to the most central stakeholders,
but they seem to form a ‘cluster of fellows’, being very close to each other. A similar situation can
be observed for the group of local and regional administrations and agencies made by ID9, ID10,
ID18, ID19, and ID37, which occupy a semi-peripheral area in the network.

[Figure 3]

In light of this qualitative description, we turn to the issues of centrality and brokerage across
stakeholder types. We calculate in-degree, out-degree, and betweenness centrality for each actor in
the network, and we identify which stakeholders fulfil particular brokerage roles, using the
statistical procedure developed by Gould and Fernandez (1989), highlighting the stakeholders who
broker more, or fewer, relationships in exchanging CE-related activities (total) knowledge.

[Table 1a]
[Table 1b]
[Table 2a]
[Table 2b]

Table 1a illustrates the centrality scores for each stakeholder. On average (Table 1b), business
associations and social organizations receive more knowledge (7.2 and 9.8 inflows, respectively)
than what they spread over the network (7.0 and 8.8 outflows, respectively). This is also the case
for foundations, even if we observe only a single stakeholder. Private organizations are amongst
the more active stakeholders in terms of both inflows (11.2) and outflows (12.0) of knowledge. In
terms of betweenness, social organizations and private organizations show the higher average
scores; however, for social organizations this is due to the outlier scores registered for ID1 and
IDS5, while the role of private organizations and local and regional administrations and agencies is
distinct, as they both placed three stakeholders amongst the first ten organizations.

Table 2a illustrates which stakeholders broker knowledge exchange relationships in developing a
CE system; the brokerage scores are relativized, i.e. the raw scores are divided by the number of
pairs. Local and regional administrations and agencies play a relevant role as coordinators, while
business associations are leaders for gatekeeping activities (Table 2b). On the other hand, looking
at the externally-oriented roles (representative, consultant, and liaison), local and regional
administrations and agencies are still at the top as representatives, but the foundation (ID29) and
the two research institutions (ID40 and ID41) have the highest scores as consultants and liaisons.
However, this is also a function of their reduced number, i.e. they likely interact out of necessity
with other types of stakeholders.

Local and regional administrations and agencies are also characterized by significant liaison
brokerage. They mediate a number of knowledge exchanges because of their institutional role,
which is focused on interacting and getting in touch with different local actors. However, they are
not strong as gatekeepers, i.e. they do not appear to aim to spread externally-acquired knowledge
towards other public bodies.

Social organizations are mainly internally-oriented. Since they typically work under resource
constraints (Austin and Wei-Skillern, 2006), they aim to adopt strategies aimed at acquiring the
largest amount of knowledge in order to operate in the local network.

In conclusion, with regard to the total knowledge network, our first hypothesis is confirmed, while
our second hypothesis is not. Business associations and social organizations act as ‘fertius
gaudens’, since they show a high betweenness centrality and receive more knowledge than those
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they spread in the network, and they are more internally-oriented. Hence, the first hypothesis is
confirmed. On the other hand, private organizations and local and regional administrations and
agencies act as ‘fertius iungens’, since they spread more knowledge than those they receive, but
their brokerage strategy is mixed internally- and externally-oriented, thus we cannot confirm our
second hypothesis.

Apart from the stakeholder roles in the total knowledge network, our purpose was also to
investigate the single networks regarding knowledge exchange on food waste reduction, energy
saving, ecosystem services provision, waste management, and/or the organization of local supply
chains, to see if our hypotheses hold for any single CE-related activity. Hence, we checked for
centrality and brokerage activities of stakeholders within each knowledge network, exploring the
existing interrelations between different behaviours in different knowledge networks.

We first employed a Quadratic Assignment Procedure (QAP) to test for correlation amongst the
five knowledge networks (Figures 4-8). QAP is used instead of the ‘classic’ correlation analysis
when dealing with network data, because in this case observations are non-independent (Scott and
Carrington, 2011). The QAP correlation is useful to depict knowledge networks’ similarity, so that
we can assess the extent to which knowledge exchanges for some activities follow the same path,
and stakeholders assume the same roles.

[Figure 4]
[Figure 5]
[Figure 6]
[Figure 7]
[Figure 8]

Table 3 shows the results of the QAP test. All the results are statistically significant, but there are
no strong positive correlations, except for the relations between the organization of local supply
chains, energy saving, and waste management. The ecosystem services knowledge network is less
correlated with the other networks, i.e. the actors exchanging knowledge regarding ecosystem
services have created a system of relationships that has no overlap with the knowledge networks
related to other activities.

[Table 3]
We then estimated centrality measures and brokerage scores for each stakeholder.
[Table 4a]
[Table 4b]
[Table 5a]
[Table Sb]
[Table 6a]
[Table 6b]
[Table 7a]
[Table 7b]
[Table 8a]
[Table 8b]
[Table 9a]
[Table 9b]
[Table 10a]
[Table 10b]
[Table 11a]
[Table 11b]
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[Table 12a]
[Table 12b]
[Table 13a]
[Table 14b]

Regarding the food waste knowledge network, private and social organizations are amongst the
most central stakeholders, even if business associations play a relevant role as ‘bridges’, since they
have high scores of betweenness centrality. The first hypothesis is, therefore, confirmed, while our
second hypothesis is not. Private organizations and social organizations act as ‘tertius gaudens’
and their brokerage strategy is internally-oriented. Business associations and local and regional
administrations and agencies act as ‘fertius iungens’, but they also show an internally-oriented
strategy, thus we reject our second hypothesis.

With regard to the local supply chain knowledge network, local and regional administrations and
social organizations are the only important stakeholder types. In particular, the latter operate by
connecting the parts of the network (as highlighted by the high betweenness score), transferring
knowledge from their group to other groups of stakeholders (as they show a high brokerage score
as representatives). In this case, neither hypothesis 1 nor hypothesis 2 are confirmed, as both
‘tertius gaudens’ and ‘tertius iungens’ show mixed brokerage strategies.

The energy saving knowledge network is dominated by the local and regional administrations and
agencies. They are the most central stakeholders, as well as the nodes in the network through
which most of the knowledge regarding this activity is exchanged. However, they tend to be
internally-oriented, while private organizations, research institutions, and social organizations are
more externally-oriented. The first hypothesis is rejected, while the second hypothesis is
confirmed. Private organizations and local and regional administrations and agencies, which act as
‘tertius gaudens’, have a mixed brokerage strategy. Research institutions and social organizations
can be identified as ‘tertius iungens’, and they show a clear externally-oriented strategy.

Regarding the waste management knowledge network, an important role is played by research
institutions and private organizations, which are central in the network. However, the most
relevant stakeholder type when discussing this activity is a business organization (ID35), which
has the highest centrality scores. Private organizations are more internally-oriented, as they show
high values of gatekeeping, as well as local and regional administrations and agencies, which are
instead strong ‘coordinator brokers’. For this knowledge network, we reject both hypothesis 1 and
hypothesis 2, since the groups of stakeholders present a mixed brokerage strategy.

Finally, in the ecosystem services knowledge network, public bodies and private organizations act
as main stakeholders, even if the latter are relevant because of the high scores, as shown by a
single stakeholder (ID25), which operates as an independent actor with its own network. Not many
stakeholders exchange knowledge concerning this activity, therefore this network is rather
different from the others, which is also visible by considering the QAP correlations (Table 3).
Since this is a very small knowledge network, it does not provide sufficient statistical basis for
testing our hypothesis.

5. Conclusions

With increasing global awareness of the need to address environmental issues, the interest in
sustainability has intensified the search of policymakers and researchers for new instruments for
promoting sustainable development. In particular, the notion of the Circular Economy (CE) has
come into the focus of policymakers in many OECD and developing countries, which have started
to introduce legislative proposals for implementing the CE model (COM, 2015; UNEP, 2013).
However, despite the growing interest in CE, we observe limited implementation of CE policy
initiatives in practice, as well as a lack of consensus on theoretical frameworks that satisfy the
interdisciplinary concept underpinning the CE (Ghisellini et al., 2016; Lahti et al., 2018; Moreau et
al., 2017). Furthermore, while the existing network-focused CE literature concentrates on
secondary data to analyse knowledge sharing and scientific cooperation (e.g. Marra et al., 2018),
we observe an absence of works that identify how CE stakeholders interact through knowledge
exchange to define the boundaries of a local CE system.

This paper focuses on stakeholder networks implementing a CE system in the City of Ferrara
(Italy). It uses Social Network Analysis (SNA) to map the knowledge exchanges aimed at
pursuing shared objectives on specific activities, distinguishing between the total network

12



spanning multiple knowledge network types and specific networks regarding individual
knowledge network types (food waste reduction; organization of local supply chains; energy
saving; waste management; ecosystem services provision). Private organizations, as well as local
and regional administrations and agencies, are found to be amongst the most central stakeholders
in the complete knowledge network, while social organizations and business associations are
central in the food waste knowledge network. The analysis of brokerage roles highlights several
features that suggest the presence of an unbalanced system of relationships, since more than half of
a given stakeholder type plays a brokerage role within the network. This evidence suggests that the
network does not correspond to an institutional system that could be expected to operate in such a
multi-stakeholder CE environment. Moreover, our analysis suggests that a key brokerage
stakeholder still has to arise in the CE network under investigation, and therefore policymakers
could help facilitate the emergence of a ‘tertium iugens’ rather than a ‘tertium gaudens’ figure
(Garriga, 2009), opening the network to the widest participation and effective knowledge
exchange. An externally-oriented strategy from ‘fertium iugens’ is missing, and stakeholders with
the ability to connect different groups of the network prefer to adopt a brokerage strategy that
strengthens their importance in the network, enhancing their own knowledge on specific topics. To
develop a more effective CE system, local (and national) institutions need targeted policy
interventions that support networking between stakeholders, to exchange knowledge on different
CE-related activities. These interventions could benefit from taking into account the specificities
of the stakeholders; however, the focal point could be on their strategic behaviour, rather than their
organizational typology, since it has been demonstrated that different stakeholders act differently
according to the various knowledge networks in which they are embedded. The growing
popularity of the CE concept is encouraging stakeholders to intensify their activities related to this
topic; however, they could be addressed to facilitate the knowledge flows across the local (or
national) network of stakeholders, in order to maximize the diffusion of knowledge for the whole
community, rather than acquiring useful knowledge for themselves or their own group.

Our study bears three main limitations. First, the lack of information on the strength of the
relationships between stakeholders as a function of the intensity and quality of knowledge
exchange. In particular, the analysis focuses on the presence or absence of ties and thus,
knowledge exchange between stakeholders. Second, considering the cross-sectional nature of the
underlying surveys and interviews, the impossibility to investigate the persistence of network
relationships over time poses a limitation, since it does not enable us to evaluate possible changes
in local network interactions. Third, although Ferrara is a representative small to medium size
European city, particularly active from the point of view of sustainability policies and CE-related
practices (Balducci and Ferrara, 2018; Bonato and Orsini, 2018), our focal city is likely to differ
somewhat from large European cities and metropolitan areas with respect to logistic, waste
management, and energy-related issues, among others (Nijkamp and Kourtit, 2013). Future
research could therefore focus further on larger European cities and metropolitan areas, in order to
deliver a more comprehensive assessment of the European urban framework in the context of the
CE debate. Despite the above limitations, our results suggest new policy avenues to potentially
reach a more effective transition to a CE. Future works could build upon our evidence that the
elicited networks denote a weak involvement of research institutions, such as universities and
R&D centres, which also complements previous evidence from Marra et al. (2018) on weak
potentials for cooperation. In particular, future studies could advance our understanding of more
effective paths to transitioning to a CE, by investigating why the interaction between practitioners
and researchers in the CE is apparently still lacking, and how public administrations and agencies
could be more effectively engaged in the CE policy design and implementation.
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Figure 1 Number of interviews (by stakeholders)
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Source: Gould and Fernandez (1989)

Figure 3 The total knowledge network

Legend: circles-in-boxes are business associations, diamonds are local and regional
administrations and agencies, up triangles are private organizations, and squares are social
organizations.
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Figure 4 The food waste knowledge network

Legend: circles-in-boxes are business associations, circles are foundations, diamonds are local and
regional administrations and agencies, up triangles are private organizations, down triangles are
research institutions, and squares are social organizations.

Figure 5 The local supply chain knowledge network
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Legend: circles-in-boxes are business associations, diamonds are local and regional
administrations and agencies, up triangles are private organizations, down triangles are research
institutions, and squares are social organizations.
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Figure 6 The energy saving knowledge network
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Legend: circles-in-boxes are business associations, diamonds are local and regional
administrations and agencies, up triangles are private organizations, down triangles are research
institutions, and squares are social organizations.

Figure 7 The waste management knowledge network
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Legend: circles-in-boxes are business associations, diamonds are local and regional
administrations and agencies, up triangles are private organizations, down triangles are research
institutions, and squares are social organizations.
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Figure 8 The ecosystem services knowledge network

Legend: circles-in-boxes are business associations, diamonds are local and regional
administrations and agencies, up triangles are private organizations, and squares are social
organizations.

Table 1a Total knowledge network: Centrality measures

ID Group In-degree Out-degree Betweenness

3 Business association 3 6 1.25

13 Business association 2 3 0

15 Business association 4 6 0.485

16 Business association 8 8 5.349

21 Business association 5 4 1.558

22 Business association 8 4 0.905

23 Business association 5 4 0.277

35 Business association 25 24 202.062

39 Business association 5 4 0.17

29 Foundation 6 5 3.788

»  Localand regional 8 15 19.986
administration and agency

3 Loca}l gnd r.eglonal 3 3 8,406
administration and agency

9 Local and regional 10 20 44.197
administration and agency

jo  Local andregional 5 4 1337
administration and agency

17 Local and regional 11 12 20.147
administration and agency

jg  Localandregional 17 8 24.744
administration and agency

jg  Local and regional 12 12 6.024
administration and agency

oo  Localand regional 5 4 0.079
administration and agency

26 Local and regional 3 6 0.758
administration and agency

37 Local and regional 11 13 18.65
administration and agency

38 Local and regional 2 21 111.524

administration and agency
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Local and regional

42 .. . 5 4 0.97
administration and agency
11 Private organization 2 2 0
14 Private organization 14 11 30.566
25 Private organization 25 22 217.504
30 Private organization 11 10 20.334
32 Private organization 9 21 39.083
34 Private organization 6 6 5.416
40 Research institution 4 3 0.667
41 Research institution 12 12 25.754
1 Social organization 39 21 337.572
4 Social organization 0 1 0
5 Social organization 20 33 284.181
6 Social organization 5 4 1.08
7 Social organization 6 7 1.983
12 Social organization 6 5 2.15
24 Social organization 13 15 23.018
27 Social organization 1 3 0.139
28 Social organization 2 4 0.079
31 Social organization 19 4 9.748
33 Social organization 5 5 3.059
36 Social organization 1 4 0
Table 1b Total knowledge network: Average centrality measures (by group)
Group In-degree Out-degree Betweenness
Business associations 7.222 7.000 23.562
Foundations 6.000 5.000 3.788
Local and regional . 9.750 10.583 21.402
administrations and agencies
Private organizations 11.167 12.000 52.151
Research institutions 8.000 7.500 13.211
Social organizations 9.750 8.833 55.251

Table 2a Total knowledge network: Relative brokerage scores (Coor=coordinator;
Gate=gatekeeper; Repr=representative; Cons=consultant; Liai=liaison)

}) Group Coor Gate Repr Cons Liai

3 Business association 0 2.004 0 2.004 0.735

13 Business association 0 0 0 0 0

15 Business association 0 3.006 1.503 0 0.551

16  Business association 0 0.633 0.316 0.949 1.508

21 Business association 0 1.718 0.859 0.859 0.945

22 Business association 0 2.405 0 1.203 0.882

23 Business association 0 4.008 0 0 0.735

35 Business association 2.686 1.452 1.593 0.531 0.613

39 Business association 0 3.006 0 0 1.102

29  Foundation 0 0 0 2.672 1.225

p  Localand regional 9475 0982 1595 0368  0.135
administration and agency

g  Local and regional 0.959 1.366 1.913 0.547 0.701
administration and agency

g  Local and regional 1.826 0.694 2.544 0.231 0.742
administration and agency

jo Local and regional 4221 0 1.203 1.203 0.882
administration and agency

17 Local and regional 1.195 1.475 1.248 0.908 0.749

administration and agency
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Local and regional

18 o 0.659 1.597 0.752 0.658 1.033
administration and agency

jg Local and regional 3724 1592 1768 0531 0389
administration and agency

oo Local and regional 0 0 0 0 2.204
administration and agency

26 Local and regional 0 0 3.006 0 1.102
administration and agency

37 Local and regional 3638 1451 1659 0518 0494
administration and agency

33 Local and regional 3.667 1.514 1.663 0.533 0.461
administration and agency

4 Local and regional 0 1.203 1.203 1.203 0.882
administration and agency

11  Private organization 0 0 0 0 0

14  Private organization 0.459 1.242 0.85 0.85 1.078

25 Private organization 0.488 0.819 0.912 0.896 1.19

30 Private organization 0 0.654 0 1.83 1.294

32 Private organization 0.474 0.405 1.689 1.013 1.015

34 Private organization 3.247 0.925 1.85 1.85 0.17

40 Research institution 0 0 0 3.006 1.102

41 Research institution 0 0 0 1.46 1.669

1 Social organization 0.918 0.965 1.337 0.855 0.951

4 Social organization 0 0 0 0 0

5  Social organization 1.968 0.835 2.191 0.496 0.708

6  Social organization 0 1.503 0 3.006 0.551

7  Social organization 3.517 2.004 1.002 0.501 0.551

12 Social organization 0 2.004 1.336 0 0.98

24 Social organization 0.227 1.422 0.647 1.034 1.043

27 Social organization 0 6.013 0 0 0

28  Social organization 0 0 6.013 0 0

31 Social organization 2.221 2.215 0.633 0.949 0.58

33  Social organization 8.441 1.203 2.405 0 0

36 Social organization 0 0 0 0 0

Table 2b Total knowledge network: Average relative brokerage scores (by group)
(Coor=coordinator; Gate=gatekeeper; Repr=representative; Cons=consultant; Liai=liaison)

Group Coor Gate Repr Cons Liai
Business associations 0.298 2.026 0.475 0.616 0.786
Foundations 0.000 0.000 0.000 2.672 1.225
Local and regional

administrations and 2.447 0.990 1.546 0.558 0.815
agencies

Private organizations 0.778 0.674 0.884 1.073 0.791
Research institutions 0.000 0.000 0.000 2.233 1.386
Social organizations 1.441 1.514 1.297 0.570 0.447

Table 3 QAP correlations on CE knowledge networks

Local Energy Waste Ecosystem
Food waste supply . .
chain saving management services
Food waste 1.000
Local supply chain 0.276%** 1.000
Energy saving 0.210%** 0.396%%** 1.000
Waste management 0.220%** 0.362%**  (.344%%* 1.000
Ecosystem services 0.274%%* 0.269%%** 0.183%%* 0.190%%** 1.000

#p < .05, *p < .01. #**p < 001
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Table 4a Food waste knowledge network: Centrality measures

ID Group In-degree Out-degree Betweenness

3 Business association 0 0 0

13 Business association 1 1 0

15 Business association 2 2 1.494

16 Business association 1 1 0

21 Business association 1 2 1.494

22 Business association 1 2 1.494

23 Business association 1 2 1.494

35 Business association 15 15 301.648

39 Business association 0 0 0

29 Foundation 5 5 9.881

2 Loca}l gnd r.egional 4 2 55
administration and agency
Local and regional

8 .. . 0 1 0
administration and agency

9 Loca}l gnd r.egional 7 5 10.14
administration and agency

10 Loca}l gnd r.egional 0 0 0
administration and agency

j7 ~ Local and regional 8 7 57.23
administration and agency

jg  Local and regional 2 7 9.195
administration and agency

j9  Local andregional 7 8 22.122
administration and agency

oo  Local andregional 2 2 1.494
administration and agency

26 Local and regional 2 2 20.461
administration and agency

37  Local and regional 5 4 29.819
administration and agency

38 Loca}l .and rggional 0 0 0
administration and agency

4 Loczlll .and r.egional 0 0 0
administration and agency

11 Private organization 1 2 0

14 Private organization 6 5 14.9

25 Private organization 14 14 162.026

30 Private organization 0 0 0

32 Private organization 4 3 2797

34 Private organization 5 5 9.881

40 Research institution 1 3 0.469

41 Research institution 1 2 0

1 Social organization 15 14 145.391

4 Social organization 0 0 0

5 Social organization 25 17 429.249

6 Social organization 2 3 8.717

7 Social organization 5 5 11.332

12 Social organization 5 5 1.4

24 Social organization 2 2 0

27 Social organization 0 0 0

28 Social organization 2 1 0

31 Social organization 1 4 1.583

33 Social organization 5 5 8.792

36 Social organization 1 1 0
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Table 4b Food waste knowledge network: Average centrality measures (by group)

Group In-degree Out-degree Betweenness

Business associations 2.444 2.778 34.180

Foundations 5.000 5.000 9.881

Local and regional . 3.083 3.167 12.997

administrations and agencies

Private organizations 5.000 4.833 31.601

Research institutions 1.000 2.500 0.235

Social organizations 5.250 4.750 50.539

Table 5a Local supply chain knowledge network: Centrality measures

ID Group In-degree Out-degree Betweenness

3 Business association 1 0 0

13 Business association 0 0 0

15 Business association 0 0 0

16 Business association 0 0 0

21 Business association 0 0 0

22 Business association 0 0 0

23 Business association 0 0 0

35 Business association 0 0 0

39 Business association 0 0 0

29 Foundation 0 0 0

2 Locgl gnd r.eglonal 2 2 23
administration and agency

3 Loca}l gnd r.eglonal 0 0 0
administration and agency

9 Loca}l .and rgglonal 0 0 0
administration and agency

10 Loca}l gnd r.eglonal 0 0 0
administration and agency

17 Loca}l .and rgglonal 3 > 12
administration and agency

18 Locgl .and rgglonal | 3 14
administration and agency

19 Loca}l .and rgglonal 5 3 13
administration and agency

20 Locgl .and rgglonal | 1 0
administration and agency

26 Locgl gnd r.eglonal 1 1 0
administration and agency

37 Locgl .and rgglonal 4 3 445
administration and agency

38 Locgl gnd r.eglonal 0 0 0
administration and agency

4 Loca}l gnd rgglonal 0 0 0
administration and agency

11 Private organization 0 0 0

14 Private organization 1 1 0

25 Private organization 0 0 0

30 Private organization 0 0 0

32 Private organization 1 0 0

34 Private organization 0 0 0

40 Research institution 0 0 0

41 Research institution 1 1 0

1 Social organization 0 0 0

4 Social organization 0 0 0

5 Social organization 5 4 71.5

6 Social organization 0 0 0

7 Social organization 0 0 0

N
)]



12 Social organization

24 Social organization
27 Social organization
28 Social organization
31 Social organization
33 Social organization
36 Social organization

N O WO o Wwno

—_ O W OO W —

0
79.667
0
0
35.667
0
0.667

Table Sb Local supply chain knowledge network: Average centrality measures (by group)

Group In-degree Out-degree Betweenness

Business associations 0.111 0.000 0.000

Foundations 0.000 0.000 0.000

Local and regional . 1.167 1.250 8.875

administrations and agencies

Private organizations 0.333 0.167 0.000

Research institutions 0.500 0.500 0.000

Social organizations 1.250 1.333 15.625

Table 6a Energy saving knowledge network: Centrality measures

ID Group In-degree Out-degree Betweenness

3 Business association 0 0 0

13 Business association 0 0 0

15 Business association 2 2 4.375

16 Business association 0 0 0

21 Business association 0 0 0

22 Business association 1 1 0

23 Business association 0 0 0

35 Business association 1 1 0

39 Business association 0 0 0

29 Foundation 0 0 0

2 LOC?I .and rgglonal 5 4 13.875
administration and agency
Local and regional

8 .. . 0 1 0
administration and agency

9 Loca}l gnd rgglonal 0 0 0
administration and agency

10 Loca}l gnd r.eglonal 0 0 0
administration and agency

17~ Local and regional 6 4 37.35
administration and agency

18 Locz}l gnd r.eglonal 1 1 0
administration and agency

19 Loca}l gnd r.eglonal 1 2 15
administration and agency

oo  Local and regional 2 2 4375
administration and agency

26 Loca}l gnd r.eglonal 2 2 0
administration and agency

37  Local and regional 6 5 19.35
administration and agency

33 Local and regional 13 12 160.317
administration and agency

4 Locgl .and rgglonal 0 0 0
administration and agency

11 Private organization 0 0 0

14 Private organization 0 0 0

25 Private organization 0 0 0

30 Private organization 0 0 0



32 Private organization 3 2 5.375

34 Private organization 0 0 0

40 Research institution 0 0 0

41 Research institution 2 3 7.8

1 Social organization 0 0 0

4 Social organization 0 0 0

5 Social organization 11 8 92.267

6 Social organization 1 2 0

7 Social organization 0 0 0

12 Social organization 0 1 0

24 Social organization 3 3 3.417

27 Social organization 0 0 0

28 Social organization 1 1 0

31 Social organization 0 5 0

33 Social organization 0 0 0

36 Social organization 1 0 0

Table 6b Energy saving knowledge network: Average centrality measures (by group)

Group In-degree Out-degree Betweenness

Business associations 0.444 0.444 0.486

Foundations 0.000 0.000 0.000

Local and regional . 3.000 2.750 19.731

administrations and agencies

Private organizations 0.500 0.333 0.896

Research institutions 1.000 1.500 3.900

Social organizations 1.417 1.667 7.974

Table 7a Waste management knowledge network: Centrality measures

ID Group In-degree Out-degree Betweenness

3 Business association 0 0 0

13 Business association 0 0 0

15 Business association 0 0 0

16 Business association 0 0 0

21 Business association 0 0 0

22 Business association 0 0 0

23 Business association 0 0 0

35 Business association 8 8 165.167

39 Business association 1 1 0

29 Foundation 0 0 0

> Loca}l .and rgglonal 5 4 69.5
administration and agency

3 Loca}l gnd r.eglonal 4 5 67
administration and agency

9 Loca}l .and rgglonal 0 0 0
administration and agency

10 Locz}l gnd r.eglonal 0 0 0
administration and agency

17 Loca}l .and rgglonal 5 > 0
administration and agency

18 Locgl .and rgglonal | 1 0
administration and agency

j9  Local andregional 5 5 41.833
administration and agency

20 Locgl .and rgglonal | 1 0
administration and agency

26 Locgl gnd r.eglonal 1 1 0
administration and agency

37 Local and regional 5 4 40.167
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administration and agency

Local and regional

38 administration and agency 2 2 3
4 Loca}l gnd r.egional 0 0
administration and agency

11 Private organization 0 0 0
14 Private organization 3 3 25.833
25 Private organization 1 1 0
30 Private organization 1 1 0
32 Private organization 7 5 124.167
34 Private organization 0 0 0
40 Research institution 1 1 0
41 Research institution 3 3 44.667
1 Social organization 0 0 0

4 Social organization 0 0 0

5 Social organization 2 2 38

6 Social organization 0 1 0

7 Social organization 0 0 0
12 Social organization 0 0 0
24 Social organization 5 5 66.667
27 Social organization 0 0 0
28 Social organization 1 1 0
31 Social organization 0 2 0
33 Social organization 0 0 0
36 Social organization 0 0 0

Table 7b Waste management knowledge network: Average centrality measures (by group)

Group In-degree Out-degree Betweenness
Business associations 1.000 1.000 18.352
Foundations 0.000 0.000 0.000
Local and regional . 2.167 2.083 20.958
administrations and agencies
Private organizations 2.000 1.667 25.000
Research institutions 2.000 2.000 22.334
Social organizations 0.667 0.917 8.722
Table 8a Ecosystem services knowledge network: Centrality measures
ID Group In-degree Out-degree Betweenness
3 Business association 0 0 0
13 Business association 0 0 0
15 Business association 0 0 0
16 Business association 0 0 0
21 Business association 0 0 0
22 Business association 0 0 0
23 Business association 0 0 0
35 Business association 1 1 0
39 Business association 0 0 0
29 Foundation 0 0 0
2 Locql ?nd r.eglonal 3 2 5
administration and agency
3 Loca}l gnd rgglonal 0 0 0
administration and agency
9 Locql ?nd r.eglonal 0 0 0
administration and agency
10 Loca}l gnd r.eglonal 0 0 0
administration and agency
17 Local and regional 0 0 0

administration and agency
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Local and regional

18 administration and agency 0 0 0
19 Locql .and r.egional 0 0 0
administration and agency
20 Locql .and r.egional 0 0 0
administration and agency
26 Loca}l gnd r.egional 1 1 0
administration and agency
37 Locql .and r.egional 5 1 )
administration and agency
38 Loca}l gnd r.egional 0 0 0
administration and agency
4 Loca}l gnd r.egional 0 0 0
administration and agency
11 Private organization 1 1 0
14 Private organization 0 1 0
25 Private organization 4 4 12
30 Private organization 0 0 0
32 Private organization 1 0 0
34 Private organization 0 0 0
40 Research institution 0 0 0
41 Research institution 0 0 0
1 Social organization 1 1 0
4 Social organization 0 0 0
5 Social organization 0 0 0
6 Social organization 0 0 0
7 Social organization 1 1 0
12 Social organization 0 0 0
24 Social organization 0 0 0
27 Social organization 0 0 0
28 Social organization 0 0 0
31 Social organization 0 2 0
33 Social organization 0 0 0
36 Social organization 0 0 0

Table 8b Ecosystem services knowledge network: Average centrality measures (by group)

Group In-degree Out-degree Betweenness
Business associations 0.111 0.111 0.000
Foundations 0.000 0.000 0.000

Local and regional

g, . . 0.500 0.333 0.583
administrations and agencies
Private organizations 1.000 1.000 2.000
Research institutions 0.000 0.000 0.000
Social organizations 0.167 0.333 0.000

Table 9a Food waste knowledge network: Relative brokerage scores (Coor=coordinator;
Gate=gatekeeper; Repr=representative; Cons=consultant; Liai=liaison)

E Group Coor Gate Repr Cons Liai
3 Business association 0 0 0 0 0
13 Business association 0 0 0 0 0
15 Business association 0 6.257 0 0 0
16  Business association 0 0 0 0 0
21 Business association 0 6.257 0 0 0
22  Business association 0 6.257 0 0 0
23 Business association 0 6.257 0 0 0
35 Business association 4.396 1.831 1.793 0.343 0.382
39 Business association 0 0 0 0 0
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29 Foundation 0 0 0 2.503 1.253

) Local and regional 16.021 0 2.086 0 0
administration and agency
Local and regional 0 0 0 0 0

8 R
administration and agency

9 Local and regional 1.849 0.963 1.444 0.963 0.803
administration and agency

10 Loca}l gnd rggional 0 0 0 0 0
administration and agency

17 Local and regional 3.004 2.151 1.369 1.369 0.196
administration and agency

18 Local and regional 0 0 2.086 2.086 0.696
administration and agency

19 Local and regional 2.403 1.564 1.564 0.626 0.626
administration and agency

20 Local and regional 0 0 0 0 2.088
administration and agency

2% Local and regional 0 2.086 2.086 0 0.696
administration and agency

37 Local and regional 4.806 1.251 2.503 0.626 0.209
administration and agency

38 Loca}l .and r.egional 0 0 0 0 0
administration and agency

4 Locgl .and r.egional 0 0 0 0
administration and agency

11  Private organization 0 0 0 0 0

14 Private organization 0 1.192 1.49 0 1.193

25 Private organization 0.37 0.963 1.011 0.77 1.14

30 Private organization 0 0 0 0 0

32 Private organization 0 0 0 2.086 1.392

34  Private organization 4.806 1.877 1.877 1.251 0

40 Research institution 0 0 0 6.257 0

41 Research institution 0 0 0 0 0

1 Social organization 0.702 1.325 0.868 0.776 1.036

4 Social organization 0 0 0 0 0

5  Social organization 3.54 1.01 2.145 0.372 0.603

6  Social organization 0 3.129 0 3.129 0

7  Social organization 3.004 2.346 0.782 0.782 0.522

12 Social organization 0 2.086 2.086 0 0.696

24 Social organization 0 0 0 0 0

27  Social organization 0 0 0 0 0

28  Social organization 0 0 0 0 0

31 Social organization 0 6.257 0 0 0

33 Social organization 9.613 1.251 2.503 0 0

36  Social organization 0 0 0 0 0

Table 9b Food waste knowledge network: Average relative brokerage scores (by group)
(Coor=coordinator; Gate=gatekeeper; Repr=representative; Cons=consultant; Liai=liaison)

Group Coor Gate Repr Cons Liai

Business associations 0.488 2.984 0.199 0.038 0.042
Foundations 0.000 0.000 0.000 2.503 1.253
Local and regional

administrations and 2.340 0.668 1.095 0.473 0.443
agencies

Private organizations 0.863 0.672 0.730 0.685 0.621
Research institutions 0.000 0.000 0.000 3.129 0.000
Social organizations 1.405 1.450 0.699 0.422 0.238
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Table 10a Local supply chain knowledge network: Relative brokerage scores (Coor=coordinator;
Gate=gatekeeper; Repr=representative; Cons=consultant; Liai=liaison)

ID  Group Coor Gate Repr Cons Liai

3 Business association 0 0 0 0 0
13 Business association 0 0 0 0 0
15 Business association 0 0 0 0 0
16 Business association 0 0 0 0 0
21 Business association 0 0 0 0 0
22 Business association 0 0 0 0 0
23 Business association 0 0 0 0 0
35 Business association 0 0 0 0 0
39 Business association 0 0 0 0 0
29  Foundation 0 0 0 0 0
2 Local and regional 12.444 0 0 0 0
administration and agency
3 Loca}l gnd r.egional 0 0 0 0 0
administration and agency
9 Loca}l gnd r.egional 0 0 0 0 0
administration and agency
10 Loca}l .and r.egional 0 0 0 0 0
administration and agency
17 Local and regional 0 0 2.684 2.684 0
administration and agency
18 Local and regional 0 0 0 5.367 0
administration and agency
19 Local and regional 0 0 0 0 2.772
administration and agency
Local and regional 0 0 0 0 0
20 .. .
administration and agency
2% Locgl .and r.egional 0 0 0 0 0
administration and agency
37 Local and regional 3.556 0.767 2.3 0.767 0
administration and agency
38 Locgl .and r.egional 0 0 0 0 0
administration and agency
4 Locgl gnd r.egional 0 0 0 0 0
administration and agency
11  Private organization 0 0 0 0 0
14  Private organization 0 0 0 0 0
25 Private organization 0 0 0 0 0
30 Private organization 0 0 0 0 0
32 Private organization 0 0 0 0 0
34  Private organization 0 0 0 0 0
40 Research institution 0 0 0 0 0
41 Research institution 0 0 0 0 0
1 Social organization 0 0 0 0 0
4 Social organization 0 0 0 0 0
5  Social organization 4.667 1.006 2.013 0.335 0
6  Social organization 0 0 0 0 0
7  Social organization 0 0 0 0 0
12 Social organization 0 0 0 0 0
24  Social organization 0 1.193 1.193 1.193 0.924
27 Social organization 0 0 0 0 0
28  Social organization 0 0 0 0 0
31 Social organization 0 2.3 0.767 0.767 0.792
33 Social organization 0 0 0 0 0
36 Social organization 0 0 5.367 0 0
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Table 10b Local supply chain knowledge network: Average relative brokerage scores (by group)
(Coor=coordinator; Gate=gatekeeper; Repr=representative; Cons=consultant; Liai=liaison)

Group Coor Gate Repr Cons Liai

Business associations 0.000 0.000 0.000 0.000 0.000
Foundations 0.000 0.000 0.000 0.000 0.000
Local and regional

administrations and 1.333 0.064 0.415 0.735 0.231
agencies

Private organizations 0.000 0.000 0.000 0.000 0.000
Research institutions 0.000 0.000 0.000 0.000 0.000
Social organizations 0.389 0.375 0.778 0.191 0.143

Table 11a Energy saving knowledge network: Relative brokerage scores (Coor=coordinator;
Gate=gatekeeper; Repr=representative; Cons=consultant; Liai=liaison)

ID  Group Coor Gate Repr Cons Liai

3 Business association 0 0 0 0 0
13 Business association 0 0 0 0 0
15 Business association 0 0 0 0 3.093
16 Business association 0 0 0 0 0
21 Business association 0 0 0 0 0
22 Business association 0 0 0 0 0
23 Business association 0 0 0 0 0
35 Business association 0 0 0 0 0
39 Business association 0 0 0 0 0
29  Foundation 0 0 0 0 0
2 Local and regional 27171 1.279 1.918 0.639 0
administration and agency
8 Locz}l gnd r.egional 0 0 0 0 0
administration and agency
9 Loca}l gnd r.egional 0 0 0 0 0
administration and agency
10 Loczlll .and r?gional 0 0 0 0
administration and agency
17 Local and regional 0 0.787 2.361 1.967 0
administration and agency
Local and regional
18 . . 0
administration and agency
Local and regional 0 5.115
19 .. .
administration and agency
20 Local and regional 0 2.558 2.558 0 0
administration and agency
2 Loczlll .and r?gional 0 0 0 0
administration and agency
37 Local and regional 1.705 1.18 1.574 1.574
administration and agency
38 Local and regional 2.956 1.326 1.516 0.227 0.412
administration and agency
4 Loca}l gnd r.egional 0 0 0 0 0
administration and agency
11  Private organization 0 0 0 0 0
14  Private organization 0 0 0 0 0
25 Private organization 0 0 0 0 0
30 Private organization 0 0 0 0 0
32 Private organization 0 0 0 1.705 2.062
34  Private organization 0 0 0 0 0
40 Research institution 0 0 0 0 0
41 Research institution 0 0 0 1.279 2.32
1 Social organization 0 0 0 0 0
4 Social organization 0 0 0 0 0
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5  Social organization 0.296 0.75 1.228 1.091 1.155
6  Social organization 0 0 0 0 0
7  Social organization 0 0 0 0 0
12 Social organization 0 0 0 0 0
24 Social organization 0 0 0 0 3.093
27 Social organization 0 0 0 0 0
28  Social organization 0 0 0 0 0
31 Social organization 0 0 0 0 0
33 Social organization 0 0 0 0 0
36 Social organization 0 0 0 0 0

Table 11b Energy saving knowledge network: Average relative brokerage scores (by group)
(Coor=coordinator; Gate=gatekeeper; Repr=representative; Cons=consultant; Liai=liaison)

Group Coor Gate Repr Cons Liai
Business associations 0.000 0.000 0.000 0.000 0.344
Foundations 0.000 0.000 0.000 0.000 0.000
Local and regional

administrations and 0.619 1.020 0.827 0.367 0.034
agencies

Private organizations 0.000 0.000 0.000 0.284 0.344
Research institutions 0.000 0.000 0.000 0.640 1.160
Social organizations 0.025 0.063 0.102 0.091 0.354

Table 12a Waste management knowledge network: Relative brokerage scores (Coor=coordinator;
Gate=gatekeeper; Repr=representative; Cons=consultant; Liai=liaison)

ID  Group Coor Gate Repr Cons Liai

3 Business association 0 0 0 0 0

13 Business association 0 0 0 0 0

15 Business association 0 0 0 0 0

16 Business association 0 0 0 0 0

21 Business association 0 0 0 0 0

22 Business association 0 0 0 0 0

23  Business association 0 0 0 0 0

35 Business association 0 0.762 0.762 1.524 1.13

39 Business association 0 0 0 0 0

29  Foundation 0 0 0 0 0

2 Local and regional 11.224 0 1.679 0 0
administration and agency

3 Local and regional 0 2519 1.679 0.84 0.335
administration and agency

9 Locz}l gnd r.egional 0 0 0 0 0
administration and agency

10 Loca}l gnd r.egional 0 0 0 0 0
administration and agency

17 Locql .and r.egional 0 0 0 0 0
administration and agency

13 Loca}l gnd r.egional 0 0 0 0 0
administration and agency

19 Local and regional 0 0 0 0 2.348
administration and agency

20 Locql .and r.egional 0 0 0 0 0
administration and agency

2 Locql .and r.egional 0 0 0 0 0
administration and agency

37 Local and regional 5.238 0.98 2.449 0.49 0
administration and agency

38 Local and regional 0 2.939 2.939 0 0

administration and agency
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Local and regional

42 o 0 0 0 0 0
administration and agency
11  Private organization 0 0 0 0 0
14 Private organization 0 2.939 2.939 0 0
25 Private organization 0 0 0 0 0
30 Private organization 0 0 0 0 0
32 Private organization 1.209 1.13 2.035 1.13 0.451
34  Private organization 0 0 0 0 0
40 Research institution 0 0 0 0 0
41 Research institution 0 0 0 0 2.348
1 Social organization 0 0 0 0 0
4 Social organization 0 0 0 0 0
5  Social organization 0 2.939 2.939 0 0
6  Social organization 0 0 0 0 0
7 Social organization 0 0 0 0 0
12 Social organization 0 0 0 0 0
24 Social organization 0 0 0 1.469 1.761
27  Social organization 0 0 0 0 0
28  Social organization 0 0 0 0 0
31 Social organization 0 0 0 0 0
33 Social organization 0 0 0 0 0
36  Social organization 0 0 0 0 0

Table 12b Waste management knowledge network: Average relative brokerage scores (by group)
(Coor=coordinator; Gate=gatekeeper; Repr=representative; Cons=consultant; Liai=liaison)

Group Coor Gate Repr Cons Liai
Business associations 0.000 0.085 0.085 0.169 0.126
Foundations 0.000 0.000 0.000 0.000 0.000
Local and regional

administrations and 1.372 0.537 0.729 0.111 0.224
agencies

Private organizations 0.202 0.678 0.829 0.188 0.075
Research institutions 0.000 0.000 0.000 0.000 1.174
Social organizations 0.000 0.245 0.245 0.122 0.147

Table 13a Ecosystem services knowledge network: Relative brokerage scores (Coor=coordinator;
Gate=gatekeeper; Repr=representative; Cons=consultant; Liai=liaison)

ID  Group Coor Gate Repr Cons Liai

3 Business association 0 0 0 0 0

13 Business association 0 0 0 0 0

15 Business association 0 0 0 0 0

16  Business association 0 0 0 0 0

21 Business association 0 0 0 0 0

22  Business association 0 0 0 0 0

23 Business association 0 0 0 0 0

35 Business association 0 0 0 0 0

39 Business association 0 0 0 0 0

29 Foundation 0 0 0 0 0

) Local and regional 13.75 0 2.75 0 0
administration and agency

8 Locgl .and r.egional 0 0 0 0 0
administration and agency

9 Locgl .and r.egional 0 0 0 0 0
administration and agency

10 Locgl .and r.egional 0 0 0 0 0
administration and agency

17 Local and regional 0 0 0 0 0

administration and agency
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Local and regional

18 .. . 0 0 0 0 0
administration and agency

19 Locz}l .and r?glonal 0 0 0 0 0
administration and agency

20 Locz}l .and r?glonal 0 0 0 0 0
administration and agency
Local and regional

26 .. . 0
administration and agency
Local and regional 0 0 5.5

37 .. .
administration and agency

38 Loca}l gnd r.eglonal 0 0 0 0 0
administration and agency

4 Local and regional

administration and agency
11 Private organization
14 Private organization
25 Private organization
30 Private organization
32 Private organization
34 Private organization
40 Research institution
41 Research institution
1 Social organization
4 Social organization
5  Social organization
6  Social organization
7  Social organization
12 Social organization
24 Social organization
27 Social organization
28  Social organization
31 Social organization
33  Social organization
36 Social organization

ecleololololoeolsleol-=heoloolooloNoBolo =
SO0 OVYoo ©

Table 13b Ecosystem services knowledge network: Average relative brokerage scores (by group)
(Coor=coordinator; Gate=gatekeeper; Repr=representative; Cons=consultant; Liai=liaison)

Group Coor Gate Repr Cons Liai
Business associations 0.000 0.000 0.000 0.000 0.000
Foundations 0.000 0.000 0.000 0.000 0.000
Local and regional

administrations and 1.146 0.000 0.688 0.000 0.000
agencies

Private organizations 0.000 0.229 0.229 0.153 0.133
Research institutions 0.000 0.000 0.000 0.000 0.000
Social organizations 0.000 0.000 0.000 0.000 0.000
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