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Abstract

The objective of this paper is to understand how industrial symbiosis initiatives can contribute to the
emergence of regional industrial ecosystems for sustainability transitions of local industrial production
systems (LIPS). We offer a conceptual framework that integrates industrial ecology literature and strategic
niche management from the sustainability transitions research field. The framework provides a conceptual
foundation for analysing the individual industrial symbiosis initiatives and their aggregated contribution
to the emergence of regional industrial ecosystems. Analytically, we conceptualise two different heuristic
levels — the local industrial symbiosis experiments level and the regional industrial ecosystems niche level
— which are interlinked through three analytical niche processes. We illustrate the merits of our
conceptualisation through a case study in an empirical setting where we selected a highly industrialised
and rarely explored region; namely, the Autonomous Region of Catalonia in Spain. We identify and
analyse eight industrial symbiosis initiatives that evolved during 18 years in the region. In the light of our
conceptual framework, the results show that interlinked initiatives from the region have been gradually
adding up to emerging regional industrial ecosystems. However, the region is still missing a broad regional
network with articulated expectations and visions and shared cognitive, formal and normative rules. If
emerging regional network provides support and protection for new initiatives, a regional culture change
can be realised to achieve sustainability transition of LIPS employing closed industrial production loops.
The theoretical contribution of this paper is that we combine two different research streams that have not
often learned from each other and we also develop a novel theoretical approach for ex-post evaluation of
industrial ecosystem development in regions. Moreover, our conceptual framework can be extended as a
prescriptive management tool for planning and implementation of industrial symbiosis initiatives in

Catalonia as well as in other regions.
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Highlights
e Industrial ecology and sustainability transitions fields were integrated.
e A conceptual framework building on the SNM processes was developed.
e Eight industrial symbiosis initiatives from the same region were analysed.
e Interlinked initiatives have gradually contributed to the regional niche level.

e Results suggested continuous support and protection for the new initiatives.
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1. Introduction

Industrial production has been considered crucial for the growth of local economies, especially since the
Industrial Revolution. In this respect, the development of local industrial production systems (LIPS),
which is composed of agglomerated industries in specific locations, has been central to regional
development strategies (UNIDO, 2014). In the meantime, sustainability has become a mainstream concern
related to industrial development and problems have emerged related to resource scarcity and
environmental pollution due to territorially concentrated industrial production activities from LIPS (Shi,
et al., 2010; Liu, et al., 2017; Fernandez & Ruiz, 2009; Coté & Liu, 2016; UNIDO, 2012).

In this vein, the industrial ecology literature argues that the problematic of the industrial production
systems is the linear industrial production routines, which are based on the extract-produce-throw away
approach to resources (Frosch & Gallapoulus, 1989). Scholars in the field have developed industrial
symbiosis practices for closing industrial production loops in order to have circular industrial production
routines (Sterr & Ott, 2004). Industrial symbiosis aims to benefit from the advantages of industrial
agglomerations in LIPS to adopt and develop industrial ecosystems (Ashton, 2008; Lowe & Evans, 1995).
It is analogous to mimicking the principles of natural ecosystems to the industrial processes (McManus &
Gibbs, 2008; Frosch & Gallapoulus, 1989; Ehrenfeld, 2003) through physical (resources, materials, water,
energy, infrastructure and natural habitat) and non-physical (information, knowledge, expertise,
management) exchanges across system actors (Chertow, 2000; Lombardi & Laybourn, 2012). The
regional perspective has been central in this literature, which analyses and discusses various cases where
LIPS of varying geographical sizes have implemented industrial symbiosis initiatives to trigger the

emergence of regional industrial ecosystems (Boons, et al., 2011; Baas & Boons, 2004; Ashton, 2009).

Over time, industrial ecology has been conceptualised as a systemic innovation model (Machiba, 2010;
Gibbs, 2009; OECD, 2009; Adamides & Mouzakitis, 2009), which can lead to fundamental technological,
organisational and institutional changes in industrial production systems (Adamides & Mouzakitis, 2009)
through interactions of a wide variety of actors. Following this, various scholars from the field have argued
and agreed that industrial ecology triggers innovation (Mirata & Emtairah, 2005; Boons, et al., 2017;
Taddeo, et al., 2017; Valentine, 2016; Lombardi, et al., 2012). However, an explicit link between industrial
ecology and innovation studies has not yet been constructed.

Along similar lines to the systemic innovations needed due to sustainability concerns, the most salient and
promising research stream from innovation studies is sustainability transitions (ST). In the ST field, it is
claimed that systemic and radical changes have to be realised, given the important risks associated with
ongoing sustainability challenges (Schot & Geels, 2008; Smith & Raven, 2012; Markard, et al., 2012).
Scholars in the field have studied transitions through fundamental sustainable changes in technological,
organisational and institutional terms under influence of a broad range of actors (Truffer & Coenen, 2012;
Geels, 2002; Raven, 2007; Farla, et al., 2012).

However, ST scholars have not paid attention to industrial ecology literature and there are only a few
studies from industrial ecology literature that have built on the ST frameworks. Those studies have
generally adopted some concepts from the transition literature (e.g. Baas & Huisingh, 2008; Rotmans &
Loorbach, 2009; Verguts, et al., 2016) and some have made a relatively deep operationalisation of
industrial production systems and industrial symbiosis initiatives with analytical lenses provided by the
ST field (Gibbs, 2009; Adamides & Mouzakitis, 2009). However, the way in which transitions into
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industrial ecosystems following industrial ecology principles can take place has not been sufficiently
addressed (Gibbs, 2009). Apparently, there is a missing link between these two research fields.

Thus, considering the potential contribution of industrial symbiosis initiatives in the emergence of regional
industrial ecosystems addressing sustainability problematic of LIPS, and the missing link between

industrial ecology and sustainability transitions literature, we derived the following research question:

How can industrial symbiosis initiatives contribute to the emergence of regional industrial

ecosystems for sustainability transitions of LIPS?

To answer this question, we present a conceptual foundation for the operationalisation and empirical
assessment of that contribution. Accordingly, we first developed a conceptual framework integrating the
industrial ecology literature and SNM framework from the ST field. The SNM framework underlines the
importance of experimentation and focuses on aggregation of niche experiments for developing niches
that would lead to sustainability transitions (Weber, et al., 1999; Schot & Geels, 2008). So far, SNM
framework has not been applied as a policy tool for introducing new sustainable technologies and
practices; instead, it has been used as ex-post analytical framework for ex-post analysis and evaluation of
cases such as biofuels (Van der Laak, et al., 2007), biomass gasification (Verbong, et al., 2010), organic
food (Smith, 2006), biogas plants (Geels & Raven, 2006), sustainable transport innovations (Weber, et al.,
1999) with a particular focus on battery powered vehicles (Kemp, et al., 1998) and hybrid electric vehicles
(Sushandoyo & Magnusson, 2014).

The SNM studies elaborated on three internal processes of SNM that are eminent for understanding the
niche development trajectories (Geels & Raven, 2006; Schot & Geels, 2008; Van der Laak, et al., 2007):
(i) articulation of expectations and visions; (ii) building of social networks; and (iii) learning activities.
The framework indicates that these three interacting, mutually reinforcing and co-evolving processes lead
to a niche development process, which progresses at two levels concurrently: the local projects level and
the global niche level (Schot & Geels, 2008; Raven, 2005; Raven & Geels, 2010). The local projects level
is composed of individual niche experiments that can build on each other over time (Geels & Raven, 2006)
and the global niche level results from sequences and accumulation of these experiments transcending
local contexts (Smith & Raven, 2012) through three internal niche processes.

In our conceptual framework, we show that the SNM perspective provides useful insights for the
reconceptualization and empirical analysis of industrial symbiosis initiatives and regional industrial
ecosystems. We argue that local industrial symbiosis initiatives and regional industrial ecosystems can be
conceptualised as two heuristic levels and the emergence of regional industrial ecosystems can be
explained by first identifying the local initiatives and then analysing their aggregating contribution through
three analytical niche processes. Illustrating the merits of our conceptual framework, we employed a case
study involving eight industrial symbiosis initiatives distributed over 18 years from the Autonomous
Region of Catalonia in Spain (referred to hereafter as Catalonia) to understand the emergence of regional

industrial ecosystems.

The main theoretical contribution of this paper is that we integrate two different research streams —
industrial ecology and the SNM framework from ST field — that have not often learned from each other,
and we develop a comprehensive framework that provides the conceptual grounds for an empirical
assessment of how contribution of set of industrial symbiosis initiatives to emergence of regional

industrial ecosystems can be understood and explained. Operationalisation of our conceptual framework
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in a real setting also enables a novel case study methodology for industrial ecology literature, which did
not provide an explicit methodological focus on a wide set of industrial symbiosis initiatives as separate
units of analysis from the same region for assessing the emergence dynamics of regional industrial
ecosystems. Introducing insights from the sustainability transitions field, we generate new understandings
by means of new empirical evidence from the Catalonia region, which has not been studied in the industrial
ecology literature before. That regional empirical study illustrated our conceptual approach on how to
study cumulative contribution of a set of industrial symbiosis initiatives to the regional industrial
ecosystems and resulted in empirical assessments for the chosen region. That may guide other studies to

analyse other relevant contexts with a refined or the same conceptual approach as ours.

Moreover, the developed conceptual framework is used in this paper as an analytical lens for ex-post
evaluation (e.g. Schot & Geels, 2008; Raven & Geels, 2010; Van der Laak, et al., 2007; Verbong, et al.,
2010) of industrial ecosystem development in a region, but it can also be extended as a prescriptive
management tool for planning and implementation of industrial symbiosis initiatives, both in Catalonia
and in other regions. Finally, this paper also has some practical implications as it contributes to better
understanding of complex dynamics for the emergence of regional industrial ecosystems, which strongly
relates to decisions and actions of industrial actors of all sizes, non-governmental organisations,

entrepreneurs, universities and research institutes.

The remainder of the paper is structured as follows. In Section 2, we develop a conceptual framework,
integrating industrial ecology literature and the SNM framework. Then, in Section 3 we present our
methodology detailing the design of the selected regional case as our empirical context, triangulation in
data and insight gathering, and finally data and insight analysis. In Section 4, we provide results and
discussions through analysis of eight industrial symbiosis initiatives from the region in light of our
conceptual framework. We present our interpretations on how those initiatives have been contributing to
the emergence of regional industrial ecosystems for sustainability transitions of LIPS in the selected
region. Finally, in Section 5, we offer our conclusions together with our contributions, implications and

some suggestions for future research avenues.

2. Conceptual framework

In this paper, we approach industrial ecology as a systemic innovation model and emphasise the
emergence of regional industrial ecosystems, considering the importance of regional focus in industrial
ecology literature (Boons, et al., 2011; Ashton, 2009; Deutz & Gibbs, 2008; Ristola & Mirata, 2007),
through industrial symbiosis initiatives aiming at the sustainability transitions of LIPS in a region.
Integrating industrial ecology literature and the SNM framework, we developed a conceptual framework
(Fig. 1) that can be used in real settings for understanding and explaining the contribution of industrial
symbiosis initiatives to the emergence of regional industrial ecosystems. Our framework distinguishes
two mutually reinforcing and coevolving levels of analysis: the local industrial symbiosis experiments

level and the regional industrial ecosystems niche level.
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Fig. 1. Conceptual framework. Emergence of regional industrial ecosystems for sustainability transitions of LIPS.
Adapted from (Geels & Raven, 2006; Schot & Geels, 2008; Baas & Boons, 2004; Raven & Geels, 2010).

The first level is the local industrial symbiosis experiments level, which is composed of individual local
industrial symbiosis initiatives. At this level, we conceptualise industrial symbiosis initiatives — that are,
practical applications of industrial ecology — as local niche experiments. We refer to industrial symbiosis
initiatives as any kind of experiment in the form of a project, research, task, mission, network formation
action, etc. that may have been completed or on-going with an objective of supporting sustainability
transitions of LIPS in the specific geography under focus. The industrial ecology literature provides a rich
set of case studies on various industrial symbiosis initiatives, among the most studied of which are
Kalundborg (Valentine, 2016), Kwinana (Giurco, et al., 2011), Tianjin (Yu, et al., 2014), Dalian (Geng,
et al., 2008), Ulsan (Behera, et al., 2012) and Devens (Veleva, et al., 2015). Our approach has a wider
focus than most of those studies, with the intention of involving multiple initiatives from the same region.
Such an approach is prominent in the SNM studies but has received scant attention in the industrial
ecology literature. More significantly, we stress the need to analyse the interlinkages between multiple
initiatives (that is, in forms of either direct support or influence) and the potential aggregation of those
initiatives for building regional industrial ecosystems, which is addressed in the next heuristic level of our

framework.

The second level is the regional industrial ecosystems niche level following the underpinnings of the
SNM framework regarding differentiation between the local projects level and the global niche level
(Raven, 2005; Schot & Geels, 2008; Geels & Raven, 2006; Raven & Geels, 2010). We conceptualise
regional industrial ecosystems at the niche level as a regional network of actors representing an emerging
community that can overcome the lock-in to the linear industrial production routines in the region through
establishing shared cognitive and normative rules and coupling expectations and visions of its wide

variety of actors. Industrial ecosystems at the regional level have been studied in the industrial ecology



SUSUR, E., HIDALGO, A. y CHIARONI, D., 2019. The emergence of regional industrial ecosystem
niches: A conceptual framework and a case study. Journal of cleaner production, vol. 208, ISSN 0959-
6526. DOI 10.1016/j.jclepro.2018.10.163. copyright Elsevier

literature before. The most relevant study to our conceptualisation was conducted by Baas and Boons
(2004), who emphasised an evolution of regional industrial ecosystems at different stages of regional
efficiency based on firms’ autonomous decision-making and regional learning, based on mutual
recognition, before arriving at the stage of sustainable districts based on actors’ strategic vision on
sustainability. Nevertheless, the majority of the industrial ecology literature has approached regional
industrial ecosystems as a regional industrial symbiosis network of industrial organisations (Heeres, et al.,
2004; Ashton, 2009) and has not explicitly analysed the network building by wide variety of regional
actors — that is, formal institutions, research centers and universities, non-governmental organisations,
entrepreneurial organisations, etc. — together with industrial organisations. Those actors are potentially
engaged in learning activities collectively and, as such, contribute to articulation of expectations and
visions in the region, which are actually considered as core elements for the niche building in the SNM
studies (Van Eijck & Romijn, 2008; Coenen, et al., 2010; Van der Laak, et al., 2007; Weber, et al., 1999).

While conceptualising the links between two heuristic levels of our framework, we bring insights from
the SNM studies (Geels & Raven, 2006; Raven & Geels, 2010) and argue that individual local industrial
symbiosis experiments at the first level can build on each other and gradually add up to a regional
industrial ecosystems niche level over time. For this gradual process, we specifically distinguish three
interacting analytical processes building on the SNM framework: the articulation of expectations and
visions, social network building and learning activities, which can be seen as aggregating outcomes of

initiatives from the local industrial symbiosis experiments level.

Articulation of expectations and visions

Articulation of expectations and visions is the first niche process considered for successful niche building
in the SNM framework (Schot & Geels, 2008), which explains that when expectations and visions are
specific, tangible, robust and shared by a wide variety of actors (Raven, 2005; Cani€ls & Romijn, 2008;
Coenen, et al., 2010), they can be coupled to address certain sustainability challenges through building

more effective niches (Weber, et al., 1999).

Concepts of expectations and visions were considered in industrial ecology literature, but not
comprehensively and explicitly in central arguments of the studies. Scholars from the industrial ecology
field touched on different aspects of actors’ expectations from industrial symbiosis initiatives, such as the
importance of managing institutions’ and community’s expectations for sustainability benefits to regions
(Deutz & Gibbs, 2008; Rosano & Schianetz, 2014); the role of institutional capacity in forming
expectations (Boons & Spekkink, 2012); the problematique of over-inflated and unrealistic expectations
of developers and policymakers (Deutz & Lyons, 2008; McManus & Gibbs, 2008; Sterr & Ott, 2004); the
significance of diverging expectations (Baas & Boons, 2007) and converging expectations of actors
(Valentine, 2016); and evolving expectations during the construction of industrial symbiosis networks
(Ashton & Bain, 2012).

Furthermore, the vision concept was also addressed in industrial ecology literature in terms of building
and expanding the vision of industrial ecology (Ashton & Bain, 2012; Adamides & Mouzakitis, 2009;
Korhonen, et al., 2001; Gibbs, 2008; Chertow, et al., 2008); emphasising the importance of having a
common strategic vision of sustainable development by regional actors (Baas & Boons, 2004; Spekkink,
2013; Veleva, et al., 2016; Daddi, et al., 2016; Rosano & Schianetz, 2014) and having a leader, a champion
(Hewes & Lyons, 2008) or an anchor firm (Mulrow, et al., 2017) in the region to tout this vision; and also
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explaining the national level visions of countries like China and South Korea for transforming LIPS into
national level industrial ecosystem networks (Yu, et al., 2015).

Yet, only a few studies have addressed the articulation of expectations and visions during the evolution of
regional industrial ecosystems (Baas & Boons, 2004; Baas & Huisingh, 2008; Boons & Spekkink, 2012).
In this vein, bringing the SNM perspective to our conceptual framework, we further elaborate on the
importance of that articulation process in creating coupled expectations and visions that can lead to a
common direction for the journey of sustainability transitions of LIPS. Such a challenging long-term
journey can be completed if new local industrial symbiosis experiments in the region are continuously
designed with visioning in line with coupling expectations and visions of the regional actors and if regional

expectations and visions are robust, specific, ambitious and, at the same time, realistic.

Social network building

The second niche process is about network building (Schot & Geels, 2008) in the SNM literature, which
argues that if the local networks are broad, deep and heterogenous (Van der Laak, et al., 2007) — that is,
inclusive to a variety of relevant actors from different experiments involving industrial organisations,
formal institutions, non-governmental organisations, research centers and universities, etc. (Coenen, et al.,
2010) — then a wider community can emerge with dedicated actors for protecting and supporting the niche
building process in terms of facilitating resources and requirements for both new and already-developed
local projects (Raven & Geels, 2010).

Network building has been a central topic in industrial ecology literature as well, while mostly referring
to industrial symbiosis exchange networks between industrial organisations. Scholars from the industrial
ecology field have looked at different aspects of network building, such as growth patterns of symbiosis
networks (Zhu and Ruth 2014); structural characteristics and the role of different actors in symbiosis
networks through social network analysis perspective (Chopra & Khanna, 2014); multiple dimensions of
embeddedness in symbiosis networks (Ashton & Bain, 2012); social relationships between industrial
organisations (Ghali, et al., 2014); the role of trust and local champions in industrial symbiosis networks
(Hewes & Lyons, 2008); and the importance of coordinating bodies to facilitate symbiotic connections
between industrial organisations (Tessitore, et al., 2015). However, relatively few studies have focused on
network building covering a variety of actors, such as governmental organisations, universities and
research institutes, non-governmental organisations, and local communities (Baas & Boons, 2004; Boons,

et al., 2011), rather than only focusing on industrial organisations in the symbiosis networks.

Incorporating the SNM approach, our conceptual framework holds such a wider network perspective,
covering relevant regional actors (governmental and non-governmental organisations, research centres
and universities, local champions, managing/coordinating bodies, entrepreneurs, local community, etc.)
that participate in the planning and implementation of industrial symbiosis niche experiments. We propose
that local industrial symbiosis experiments can lead to a regional network of actors as an emerging
community for regional niche building if social network building process is broad, deep and heterogenous
enough to involve multiple stakeholders and to mobilise their available resources. Such an emerging
community can protect on-going regional niche building process and bring support in terms of necessary

resources and requirements for continuous industrial symbiosis experimentation in the region.
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Learning activities

The final niche process is related to learning in the SNM framework (Schot & Geels, 2008). The learning
concept has been widely addressed in the industrial ecology literature. Going back to the roots of industrial
ecology, its essential argument was based on learning from an analogy with nature and its ecosystems
(Frosch & Gallapoulus, 1989). Then, the industrial ecology literature gave considerable attention to
collective learning by the industrial organisations in production systems (MacLachlan, 2013; Grant, et al.,
2010) and on collective learning by all relevant regional stakeholders (Baas & Boons, 2004; Roberts,
2004; Veleva, et al., 2016; Lambert & Boons, 2002) through means of communication events (trainings,
seminars, conferences, workshops, etc.), media (television, radio, internet, newspapers, magazines, etc.),
and information communication technologies (information and knowledge sharing and management

platforms).

Building on and extending those studies, our conceptual framework emphasises regional collective
learning to create a regional shared culture, which we define as shared cognitive, formal and normative
rules that refer to common knowledge, required regulations and converging behavioural patterns of the
network actors respectively building on the SNM literature (Geels & Raven, 2006; Geels, 2004; Raven &
Geels, 2010). Learning activities are not only expected to trigger first-order learning through which actors
can identify a problem and correct it without changing the underlying rules, but also — and even more
importantly — they may facilitate second-order learning through real implementations (Boon, et al., 2014).
Consequently, a regional shared culture may be constructed through changes in the underlying rules and
status quo governing the mainstream behaviour (Mirata & Emtairah, 2005; Argyris, 1997; Schot & Geels,
2008). The second-order learning can be enforced by developing tacit knowledge (Ghali, et al., 2014) by
continuous experimentation with local industrial symbiosis projects and exchange of good local and
international practices and experiences (Boons, et al., 2017) through effective interactions and dialogues
(Baas, 2011). Moreover, second-order learning can be achieved more smoothly if there are regional
champions (Hewes & Lyons, 2008; Qu, et al., 2015) and coordinating bodies (Domenech & Davies, 2011;
Boons & Spekkink, 2012) that can act as good examples and facilitate interactions, creation of common

language, and joint-problem solving for a wide variety of regional actors.

Our conceptual framework proposes that proper combination of these three processes can lead to the
emergence of a regional industrial ecosystems niche level that involves a regional network of actors
holding coupled expectations and visions through shared cognitive, formal and normative rules. This
regional niche level then can provide support and protection measures for the resources and requirements
— tax regime, environmental regulations, policy programmes, financing incentives, etc. — needed to plan
and implement new industrial symbiosis niche experiments in the region. Thus, we conceptualise a
continuous feedback mechanism between two heuristic levels of analysis that may lead to continuity and
stability in regional industrial ecosystem development. We propose that if this feedback cycle sustains for
long enough, a regional culture change may occur and LIPS in the region may employ closed industrial

production loops and experience sustainability transitions into circular industrial production routines.

Similar to the conceptual frameworks of the ST field, such as the multi-level perspective (Geels, 2002;
Kemp, et al., 1998) and the technological innovations systems framework (Bergek, et al., 2008; Hekkert
& Negro, 2009), these two levels in our framework are not claimed to provide ontological descriptions of
reality, but they are developed as analytical and heuristic concepts (Geels, 2010; Walrave & Raven, 2016),
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which can guide us to understand and explain the complex dynamics of the emergence of regional

industrial ecosystems in real settings.

3. Methodology

In this paper, we employed a case study methodology to empirically assess how industrial symbiosis
initiatives can contribute to the emergence of regional industrial ecosystems for sustainability transitions
of LIPS. Case study methodology is commonly used to answer “how” questions by focusing on
understandings of the dynamics and processes in particular settings (Eisenhardt, 1989) and it provides a
solid foundation for constructing “context-dependent knowledge” (Flyvbjerg, 2006), while studying
complex and contemporary research objects (Yin, 2014) like industrial ecosystems. While designing,
analysing and interpreting our case study, we have used our conceptual framework to improve the
explanatory power of the study (Dubois & Gadde, 2002) and to illustrate the merits of our
conceptualisation approach when applied to a real setting.

3.1. Case selection and design

The empirical setting of the case study was chosen to be Catalonia from Spain, which has not been a focus
for related research studies despite its diverse and rich industrial production culture and routines embedded
in a long industrial tradition. The region was one the early adopters of British industrialisation model in
the nineteenth century. Manufacturing sector has been a main employing sector in the region; for example,
it employed 21 per cent of the total Catalan workforce in 1860, 47 per cent in 1930, and 18.4 per cent in
2014, despite the general de-industrialisation trend and global crisis (Domenech & Ramos, 2016).

In Catalonia, development of agglomerated industries was first promoted by the industrial development
policy of the 1960s. Since then, LIPS has been the most salient form of developing industrial areas and
the economic reality of the region, especially since 1980s (Incasol, 2007). Industrial activity, in general,
represents almost 20 per cent of GDP in the region. There are more than 40 LIPS, including almost 9000
industrial establishments, generating turnover of more than 45 billion Euros, contributing to an estimated
10 per cent of the region’s GDP (Hernandez, et al., 2005). The region has been relatively active in
sustainability-oriented initiatives because its rapid industrial development has surpassed the available land
for further development. The intensity and diversity in geographically agglomerated industries have
provided a proper ground for potential exchange synergies between industrial actors, which may create

industrial ecosystems in the region.

We followed an embedded case study design with multiple units of analysis (Yin, 2014) — that is, various
industrial symbiosis initiatives — to understand how these initiatives contributed to the emergence of
regional industrial ecosystems. After a review of the literature, internet and research reports, we selected
eight industrial symbiosis initiatives from the region, which have addressed sustainability transitions of
LIPS in the region through their objectives and activities. Seven of these initiatives were completed, while
the other is still on-going. The selected set of initiatives covers an 18-year time span, from 1999 to 2017.
Temporal distribution of initiatives, together with their names, start and end years, are illustrated in Fig.
2 below.
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Fig. 2. Temporal distribution of eight industrial symbiosis initiatives under analysis from Catalonia over 18 years

After identifying these eight initiatives, we conducted interviewees and collected available secondary data
from the interviewees and from online sources to develop an integrated set of interpretations (Yin, 2014)

drawing upon our conceptual framework.

3.2. Data and insight gathering

This study is based on two different sources of empirical material, considering triangulation of the data
and insights (Yin, 2014; Creswell & Clark, 2007) to enhance the credibility of our research results while

securing an in-depth understanding (Denzin & Lincoln, 2005).

Firstly, secondary data related to industrial ecosystem development in Catalonia was used as a source of
evidence to trace the related industrial development in the region. Collected secondary data includes
comprehensive reports from governmental organisations, interim and final reports of selected local
experiments, press releases, presentations, posters, articles, news and blogs published in the mass media
or in community newspapers. All the secondary data was selected considering their source and scope (Hox
& Boeije, 2005), their trustworthiness and their relevance to our research question. Secondary data

inventory is given in Appendix A.

Secondly, semi-structured interviews were conducted with the most relevant actors in relation to the
selected industrial symbiosis experiments from the region. We started our interviews with key informants
who were involved in design and implementation of the initial experiments; during our interviews with
them, we identified more key informants using the snowball technique (Lincoln & Guba, 1985;
Heckathorn, 2002) for other selected experiments. Finally, from May 2017 until October 2017, we
conducted eight interviews with nine interviewees. All interviewees were involved in design and
implementation of the selected experiments with key roles, such as manager, coordinator, expert, and
principal architect. Thus, they were able to provide us with the holistic background, design,
implementation and follow-up situation of the experiments. The interviews lasted between 35 and 90
minutes. All interviews were recorded after obtaining the consent of the interviewees. Follow-up enquiries
were conducted by e-mail or telephone and further secondary documents were collected from the

interviewees as well for the sake of triangulation. The interviewees are listed in Appendix B.

Here we recognise that although the relatively high number of industrial symbiosis initiatives were
included in the study, more initiatives may have pictured a more robust regional perspective. Yet, we
never claimed to present a set of regional truths and have instead looked for ways to understand the
regional niche development processes, which may help further regional policy development or inspire
other regional development agents. Moreover, more interviewees from each initiative could have provided
more insights as input for our interpretation and discussion. However, the selected interviewees were
selected in a way that all of them had key roles for selected initiatives and had extensive knowledge about
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the details of its development. Also, triangulation of data and insight sources have added more
trustworthiness to our empirical study.

Regarding the design of semi-structured interviews, we had a priori framing of the underlying interview
questions (Creswell, 2009), encompassing the underpinning conceptual elements of our framework. We
formulated the questions to examine: (i) the background of the interviewee; (ii) general information about
the routines of industrial production systems in the region (that is, the industrial actors and industrial
composition/specialisation of the region, related regulations in the region, infrastructure, regional interest
in sustainability); (iii) detailed information about the related initiative (that is, the expectations and visions
of the actors, the achieved results and unexpected outcomes, if and how the initiative was in relation to
other similar initiatives in the region, network building activities, the involved actors and their level of
involvement, challenges and success factors encountered during the development of the initiative,
learning-oriented activities and learning outcomes for different actors); and finally (iv) general
information about the region in regard to other similar initiatives and other relevant actors based on the

experience and the knowledge of the interviewee.

Moreover, we have tailored the questions in language that would be understandable by the interviewees
(Meyer & Ward, 2014). Still, interviewees were are also permitted to explain beyond the answers to the
drafted questions in order to gather more insights without concrete constraints. It is also crucial to note
that those interviews alternated between retrospective and prospective reflections of interviewees
(Schultze & Avital, 2011). More specifically, most of the interviewees firstly shared with us their past
experiences and ideas — that is, retrospective reflections (Eisenhardt & Graebner, 2007) — about the
specific local experiments because seven of eight experiments were already completed (see Fig. 2), and
also there were prospective reflections from those interviewees evolving during the interviews when they
started envisioning ideal conditions for regional industrial ecosystem development based on their past
experiences and shared those ideas with us. It is worth pointing out that we were aware of potential recall
bias, which may be due to retrospective distortion (Miles, 1979). However, in this paper, we hold a
sustainability transitions perspective with an evolutionary approach, which requires an analysis of various
events distributed over a considerable time-span (Farla, et al., 2012) and this makes it necessary to gather
and analyse retrospective data and insights. Therefore, in order to avoid this potential bias due to
retrospective reflections for completed industrial symbiosis experiments, we shared the semi-structured
interview questions with the interviewees in advance of the interviews, and during the interviews we gave
them enough time to reflect and think before answering (Hassan, 2005). Furthermore, using secondary
data considering triangulation also enabled us to scrutinise reflections and insights of the interviewees by
means of multiple sources of evidence in order to allay the potential recall bias concerns (Gioia, et al.,
2010).

3.3. Data and insight analysis and interpretation

In this step, we analysed the data and insights by means of codes and categories, and then interpreted the
relationship among them through explanation building (Yin, 2014) to answer our research question.
Firstly, we identified categories and codes based on the underpinning concepts of our conceptual
framework; that is, the three niche internal processes that are articulations of expectations and visions,
social network building and learning activities. Then, we further revised the coding scheme while
analysing the data and insights, which led to the final list of codes and categories, as illustrated in Fig. 3.
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Source: Authors’ own elaboration.

Once the codes and categories were iteratively identified, we completed coding data and insights and
allocated them to the relevant categories for each local industrial symbiosis experiment. We used the
analytic technique of ‘explanation building’, which is a type of pattern matching (Yin, 2014), to observe
the patterns and interpret the relationship among the codes in light of our conceptual framework to explain
how each local industrial symbiosis experiment and its outcomes influenced three internal niche processes.
Together, these can contribute to regional industrial ecosystem niche building for sustainability transitions
of LIPS in Catalonia.

In the following section, we present how the emergence of regional industrial ecosystems can be
understood and explained by analysing the identified prominent local industrial symbiosis experiments
from the region and assessing their interlinkage and aggregating contribution to an emerging regional
network of actors through coupled expectations and visions and shared cognitive, formal and normative

rules.

4. Results and discussions

This section is structured based on the conceptual foundations of our framework to theoretically strengthen
the understanding of regional industrial ecosystems’ niche emerging dynamics. We start by describing the
identified industrial symbiosis experiments that were implemented in Catalonia over the past two decades
or so and analytically represent how those experiments have been interlinked (see Fig. 4). In Section 4.2,
we present our assessment on the identified experiments’ influence on regional niche building processes,
which are the articulation of expectations and visions, social networking and learning activities.
Subsequently, in Section 4.3, we discuss how those processes conduced towards the emergence of regional
industrial ecosystems niche, and then represent our overall empirical assessment through

operationalisation of our conceptual framework (see Fig. 5).

4.1. Local industrial symbiosis experiments level

In the region, industrial ecology and industrial symbiosis started to be discussed through the end 1990s at
the academic level with efforts of some academicians from Universitat Autonoma de Barcelona (UAB)
and Universitat Politécnica de Catalunya (UPC), Universitat de Girona (UdG) and Universitat Rovira i
Virgili (URV) as the first bricks on the regional niche building wall. The first few experiments were
initiated by academia in collaboration with related governmental organisations, followed by various other

experiments.

In this paper, we analysed the local industrial symbiosis experiments level through a selected set of eight
industrial symbiosis experiments covering a period of 18 years starting from 1999 and coming up till 2017.
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Table 1 gives an overview of each experiment with its name, dates, objective, initiator and related

important actors and their roles.

Table 1
Overview of analysed industrial symbiosis projects
Experiment  Objective Initiator Important actors
and dates
XEI To build a thematic network of UAB, UPC, UdG Financially supported by Department of
1999-2009 industrial ecology, aiming to and URV Universities, Research and Information
involve academia, industry and Society (DURSI) of the Government of
policy-makers. Catalonia at that time.
CICLE To identify the concrete UPC Financially supported by Waste Agency of
2000-2002 possibilities of applying industrial Catalonia.

ecology in Catalonia focusing on
leather and paper industries.

ECOSIND To foster sustainable development Ministry of Designed by XEI members (mainly by UAB
2003-2006 of industrial production systems Environment of and UPC); funded by Interreg Programme
based on industrial ecology Government of of European Commission.
principles for Catalonia and other Catalonia as
partner regions from Italy and consortium leader
Greece.
MESVAL To build a new industrial ecology Coordinated by UPC.  Funded by ECOSIND budget as a sub-
2004-2006 network between technological project.

centres, chambers of commerce,
and the universities from Catalonia,
Tuscany (Italy) and Peloponnesus

(Greece).
MITKE To retrofit existing business and Catalan Land Funded by Interreg Programme of European
2008-2011 industrial areas and transforming Institute (Incasol) as ~ Commission; consortium leader as Sprilur
them into sustainable spaces in the a consortium partner ~ which is LIPS Development Agency of
partner regions. Basque Country in Spain
New Urban To evaluate the feasibility of Barcelona City Prepared by Eduard Balcells Architecture, a
Fabrik transforming Torrent Estadella (old ~ Council private architecture company
2013-2014 LIPS) into an eco-industrial park.
Manresa in To implement the first applied The municipality of ~ Run by Simbiosy, a regional private
Symbiosis industrial symbiosis project in Manresa and Waste consultancy company as the project
2015-2017 Catalonia to maximize efficiency in ~ Agency of Catalonia  consultant; supported and facilitated by
the use of available resources. Bages Consortium of Waste Management
and Department of Territory and
Sustainability of Regional Government of
Catalonia.
Valles To promote circular economy by The Valles Supported by Government of Catalonia and
Circular building networks in the territory in ~ Occidental County the Barcelona City Council.
2017- order to take advantage of new Council
ongoing ways of industrial production and

also consumption.

The local experiments level in Catalonia showed characteristics of both top-down and bottom-up
development characteristics, in both cases aiming to establish connections between academia,
governmental organisations and industry. Data and insights revealed that those connections resulted in

fruitful interactions that led to considerable linkages between local experiments in the region.

XEI, as the first experiment, was created and initiated by actors from the academia in the region, which
had leading roles as niche players. The same players from these universities and research institutes also
had direct roles in terms of designing, lobbying and networking for the creation of CICLE, ECOSIND,
and MESVAL experiments, although these three were initiated by governmental organisations through
regional or international funding. Another experiment, MITKE was also started by a regional
governmental organisation and was linked to another experiment, ECOSIND, through which MITKE

coordinators from Catalonia had learnt ways of starting such experiments in terms of fundraising and
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international partnering. Although Manresa in Symbiosis was triggered and implemented by a private
niche player, it had the support of governmental organisations and it drew upon previously gained
knowledge in Manresa through the MESVAL experiment. Finally, Valles Circular, the recently started
and on-going experiment, is a county-based circular economy initiative that has been developed based on
the knowledge of the actors and experience of the region coming from previous experiments, such as XEI,
CICLE, ECOSIND and MESVAL. Analytical illustration of these linkages between niche experiments is
presented below in Fig. 4. Only New Urban Fabrik experiment is missing in this figure as this was an
early-phase experiment and differs from others because it was not implemented. It was included in this
paper to reflect the importance of power issue in sustainability transitions, which is discussed later in
Section 4.3.1. Those interlinkages between the experiments show clues of emerging regional industrial
ecosystem niche level in the region. We further elaborate on this in the next section through analysis of

local experiments’ contribution to three niche building processes.

""" Local industrial "-~___

o symbiosis experiments level S
////
///
/// XEI CICLE ‘ ‘ ECOSIND ’
(’

/

/

/
I/
! ‘ MESVAL
I
|
|
\\\

\ MITKE

\\\

\ Ve x &
\\ VALLES NEWURBAN MANRESAIN
\\\ CIRCULAR FABRIK SYMBIOSIS
T -
N Direct support — ------ pFacilitation ~_.-~ .

Fig. 4. Interlinkages between local industrial symbiosis experiments

4.2. Experiments’ influence on regional niche building processes
P g gp

Data and insights showed that each industrial symbiosis experiment contributed, to some extent, to
regional niche building processes. Table 2 summarises the changing characteristics of niche processes in

each experiment and is further explained through our following discussions on each niche process

separately.
Table 2
Overview of internal niche processes for each experiment

Experiment  Expectations and visions Social network building Learning

XEI Positive and high-level expectations A thematic network of regional Facilitation of knowledge and
on network building through a actors including researchers, experience exchange through
knowledge exchange platform. No universities, governmental events. Learning outcomes for
common vision of what industrial organisations and industry. industrial actors and
ecology meant. Involvement in related governmental actors that led to

international academic societies. cultivation for CICLE and
ECOSIND.

CICLE Positive and medium-level Network building activities for Second-order learning for
expectations to uncover the recycling bodies and industrial industries and recycling bodies.
potential of industrial ecology in the  actors. Learning outcome for Waste
region. Agency of Catalonia, which

was a supporter of ECOSIND.

ECOSIND Positive and high-level expectations A consortium of international Knowledge transfer to
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Experiment  Expectations and visions Social network building Learning
to establish a new regional partners directly leading to cross- ~ governmental organisations
industrial symbiosis strategy. national networking between and the industry through
Difficulty in having common Spain, Italy and Greece. Loose events. Cultivation for
expectations among international network among related regional MESVAL through direct
partners of the project. Blurred actors such as the Union of funding. Cultivation for
vision about the new and relatively =~ Catalan Industrial Estates (UPIC), = MITKE initiative through
radical practice — that is, industrial Catalan Land Institute (Incasol) knowledge sharing with
symbiosis — for regional and the industry. Incasol. Failed second-order
governmental organisations and the learning for the industry.
industry.

MESVAL Positive and medium-level Initiating a cross-regional and Learning within the cross-
expectations for a new industrial cross-national network of regional network through
ecology network in the region with ~ technological centres, chamber of ~ knowledge exchange events.

a vision to create a regional waste commerce and universities of Learning for local actors in
recovery strategy. three regions from Spain, Italy Manresa, which then facilitated
and Greece. Manresa in Symbiosis.

MITKE Positive and high-level expectations ~ Cross-regional and cross-national =~ Knowledge sharing and co-
for retrofitting existing regional networking between 11 partners creation based on best-
industrial areas and transforming including regional development practices among international
them into sustainable spaces. agencies, business networks and partners. Second-order learning
Common vision among land developers and research outcomes for Incasol in terms
international partners for creating centres from Basque Country, of planning a follow-up project
region-tailored solutions. Lack of Catalonia, and regions of seven and, more importantly, an
regional consciousness of other countries. A pan-European institutional change.
“industrial symbiosis”. platform for retrofitting existing

LIPS.

New Urban Neutral and medium-level No network building activity Ineffective first-order learning

Fabrik expectations on potential except the established relations for the governmental
transformation of an old LIPS, into between the actors in Barcelona organisation; that is, no
an eco-industrial park. Interrupted City Council and the consultancy outcome from the experiment.
and changed expectations due to team.
change in power actors.

Manresa in Positive and high-level expectations Good communication with First-order learning for the

Symbiosis to realise real symbiotic exchanges  sensible local and regional actors industry and governmental
and become a success through network building. organisations on how to launch
demonstration story for future Lobbying activities for bringing such experiments. Mining out
related experiments. Lack of protection and support to start, previous knowledge in
territorial vision despite gained implement and follow-up the Manresa gained through
previous knowledge in MESVAL. initiative. previous experiments, such as

MESVAL. Second-order
learning for the industry by real
symbiotic exchanges.

Valles Positive and high-level expectations  Network building experiment by Regional learning through

Circular and vision for promoting circular its objectives. An agreement dissemination activities and

economy in Vallés Occidental
County to become a reference
circular economy territory that will
serve as a branding instrument.

signed by 30 entities, including
municipalities, universities,
research centres, business
organisations, and industry.

events in the network.

4.2.1. Articulation of expectations and visions

Even before the first local industrial symbiosis experiment, XEI, there had already been an established

common ground about the need for sustainable development in the region. However, introducing industrial

ecology as a new concept to the academic environment in Catalonia and as a new policy and development

tool to the region was a difficult task for the creators and coordinators of the XEI. There was no vision

among different actors in the region about what industrial ecology actually meant and how it could address

sustainability problematic of LIPS. In this vein, the co-creator and member of XEI stated:

“It was not easy to start industrial ecology in Catalonia. We were trying to inform several regional

actors why industrial ecology was important and how it was different than other sustainable

development actions ... But it was very difficult to convince them ... For example, if the industry
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doesn’t see any immediate economic profit, they normally do not get involved. And the mentality of

the governmental institutions was not really open to new concepts.”

Since XEI was initiated in 1999, a sequence of industrial symbiosis experiments has been implemented
and a regional understanding of industrial ecology has been established, although those experiments were
conducted through varying expectations and visions and resulted in different achievement levels.

Relatively large-scale experiments, in terms of a bigger budget, a higher number of partners and longer
duration like ECOSIND and MITKE, were initiated by the regional governmental organisations, which
had positive and high expectations from the beginning that were not easy to achieve. In the ECOSIND
case, for example, once the experiment was started it was challenging to create a common understanding
even within the regional Catalan ministry and to engage the industry in the experiment due to lack of
experience in similar initiatives. The outcomes of the experiment demonstrated the importance of having
a common vision and expectation for the involved actors. Based on his experience, the experiment

coordinator noted, with regret:

“If I started ECOSIND now, as the public servant that I am, I would try to put all people in charge
from all Departments on the same table and start the project together... Now I know the methodology.
First thing is to put all the departments with the same vision and try to achieve a governance model
in order to go in the same direction. Another step is to integrate industry in this initiative. We already

have a lot of experience here in Catalonia combining private and public sector with the same visions

’

... We have experience and frameworks to achieve this.’

On the other hand, the data and insights related to the MITKE experiment revealed that there was a lack
of regional consciousness of “industrial symbiosis”. In the experiment, neither industrial symbiosis nor
eco-industrial park terminology was used in terms of its vision, although they were among its core

expectations. As the project development coordinator of Incasol stated:

“We did not call it industrial symbiosis in the project, although we were with it all the time now we

see it... For us, it is the fact of the collaboration between LIPS or the companies. Industrial

5

symbiosis, now we see it, was an ideal that we were trying to get to.’

Unlike those experiments, CICLE, designed by XEI core members, was the first local experiment to
facilitate real symbiotic exchanges between industrial actors. Its vision was to learn the concrete
possibilities of applying industrial ecology in Catalonia. Among the other analysed experiments, only one
— Manresa in Symbiosis — had a similar vision regarding facilitation of real symbiotic exchanges, but on
a smaller scale; namely, in Manresa. The local actors in the city already had knowledge background of
what an industrial ecosystem would mean by means of another experiment, MESVAL. However, Manresa
in Symbiosis, despite the local previous knowledge and familiarity gained through MESVAL, still faced
with difficulties to convince especially the industry to get involved in the network of exchanges.

Among the set of analysed experiments, The New Urban Fabrik was an interesting example reminding
the issues of power. The vision and expectations of the Barcelona City Council changed after the party in
power changed and this led to the failure of the initiative and interrupted its implementation. Indeed, as
Truffer and Coenen (2012) stated, “sustainability transitions are by their very nature political projects”
and transition processes might change based on the change in interests of specific power actors or on the
change of power actors themselves, as was the case for this experiment. The principal architect of the

experiment explained this as:
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“... Then the political government changed ... When we went to the new responsible for the urban
design and they said the project was still interesting, but the new City Council was more focused on
social housing building. Our project was not prioritised. In the end, it was a more like a research
proposal and, at a certain moment, there had been a will to realise it. Of course, a real application

would require a policy support...”

The last experiment, Valleés Circular, is a territorial circular economy initiative and is protected by
governmental organisations through articulated expectations and visions from previous experiments, such
as XEI, CICLE, ECOSIND and MESVAL. Industrial symbiosis is covered in its vision in relation to the
creation of a public—private collaboration ecosystem and the recognition of companies and entities that
act as agents of change. This implies a vision shift in the region. The circular economy, as a bigger
umbrella concept for industrial ecology, is becoming a promising and more popular policy tool for the
regional industrial development. This may be due to its clear emphasis on ‘economy’ although the core
emphasis is on the resource scarcity same as industrial symbiosis. One of our interviewees, UAB

professor, co-creator and member of Valleés Circular, explained this as follows:

“Now, the circular economy concept has more power. At this moment the symbiotic relations, or the

idea, philosophy behind the symbiotic relations are included in circular economy development here

i

in Catalonia.’

4.2.2. Social network building

Network building has been a crucial activity for the analysed experiments, except the New Urban Fabrik
experiment, which only established relations between the actors in Barcelona City Council and the
consultancy team. Regional network building was started with XEI experiment, which facilitated a
thematic network of industrial ecology composed of researchers, universities, the industry, and
governmental organisations. The network worked continuously to include more members to raise regional
awareness. Furthermore, co-creators of XEI from academia were also members of International Society

for Industrial Ecology (ISIE) and as such, they acted as knowledge bridges between the region and ISIE.

Network building activities were not limited only to the regional actors but also were achieved at the cross-
regional and cross-international level in the experiments that were implemented by international
consortiums; that is, ECOSIND, MESVAL and MITKE. Those experiments, by their visions and
expectations more related to planning and strategy making, established links between universities,
governmental and non-governmental organisations and, to some extent, the industry. Thus, the industrial
symbiosis network, based on the symbiotic exchanges, did not emerge and there was a minimal

involvement from the regional industrial actors in those experiments.

On the other hand, applied industrial ecology-oriented experiments like CICLE and Manresa in Symbiosis
revealed the crucial role of the industry and facilitated concrete relationships between regional actors and
the industry. CICLE had positive results in terms of realising some pilot symbiotic exchanges between
industrial actors and it enabled information exchange between recycling bodies and the industry. Trust
was the common issue in both experiments and it was difficult to convince industrial actors to share
information and become involved in the initiatives. The project team of Manresa in Symbiosis worked
individually with various industries to identify potential synergies that would motivate the industry’s

willingness to participate. The coordinator of the project underlined that:
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“...firstly we identified the most sensible actors from the region to realise this project. Then we

worked as activators to startit...”

The results of Manresa in Symbiosis showed that in only a year and a half, 27 companies have participated,
50 businessmen and technicians have been involved and eight synergies, four of which are in
implementation, have been identified. Although the official contract has ended, the project coordinator

said:
“An industrial symbiosis project never ends... It is a continuous process...”

In line with this, the project team continued lobbying and networking to have further support from the
governmental organisations to ensure the continuation of the experiment. The Waste Agency of Catalonia

continues to financially contribute to the promotion of industrial symbiosis in Manresa.

Finally, Vallés Circular was initiated in 2017 through the efforts of County Council to bring together
actors from earlier niche experiments such as XEI, CICLE, ECOSIND and MESVAL. The agreement
includes 11 of 23 local municipalities from the County, as well as other regional and local actors like
Department of Territory and Sustainability from the Government of Catalonia, Barcelona City Council,
Waste Management Agency of Valles Occidental, business organizations, chambers of commerce,

universities, and industry.

4.2.3. Learning activities

We distinguished learning outcomes from all experiments, except the New Urban Fabrik experiment,
which was interrupted and not implemented due to change in power actors, as explained above. Starting
with the XEI experiment, the thematic network creators and members organised various communication
events, including meetings, workshops, forums, conferences, and seminars for knowledge exchange
within the network and for bringing in new network members. The actors from governmental
organisations who became directly involved in these learning events mainly had technical responsibilities
in their home organisations, but they still acted as learning facilitators for other institutional actors who
had more political power to initiate new experiments. Furthermore, co-creators of XEI from academia
were also members of the International Society for Industrial Ecology (ISIE) and, as such, they acted as
knowledge bridges between the region and ISIE. There was reciprocal learning as these academicians
were sharing what they learnt from ISIE based on international experiences with the regional actors and

they were also explaining the existing situation in Catalonia to the ISIE.

The CICLE experiment was a learning outcome of XEI as it was initiated through the funding from Waste
Agency of Catalonia, which had gained relevant knowledge from XEI communication events. CICLE,
with its vision towards applied industrial ecology in the region, managed to activate industries and
recycling bodies by means of facilitating their involvement in pilot symbiotic exchanges. Thus, it was one
of the few experiments that may be considered to have provided a second-order learning outcome for the
industry through real implementations (Schot & Geels, 2008).

ECOSIND was initiated after almost three years of preparation by XEI members together with the
Ministry of Environment of Government of Catalonia. Knowledge dissemination and learning activities
from XEI, and also raising awareness achieved by the CICLE Project, were the main triggers for starting
this experiment. By means of communication events, ECOSIND helped other regional actors to learn,

especially from Italian partners of the experiment that had already been active in implementing industrial
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symbiosis projects. They learnt that collaboration with the industry was key to achieving good results from
such experiments. However, there was a limited interest from the Catalan industry in ECOSIND due to
missing exemplary successful industrial symbiosis cases in the region. As also stated by the UAB
professor who was the co-creator of XEI and an expert in ECOSIND:

“A small set of regional demonstrative successful actions were what we needed. Not only one big
industrial ecosystem experiment ... We needed a critical mass of actions in different industrial sectors
at different regional locations. Disseminating these small-scale but well-done examples through

mass media could attract the industry.”

Although ECOSIND did not achieve a set of applied industrial ecology actions, it did lead to other regional
projects. MESVAL was one of the sub-projects funded by the ECOSIND. The main beneficiary was
Manresa city in Bages County. The MESVAL team not only evaluated and reported the industrial
ecosystem development potential of Manresa but also built local awareness for local actors through the
exchange of knowledge and expertise between international partners. Local actors in Manresa developed
a local knowledge background for what an industrial ecosystem would mean and what to expect from such

an experiment through learning.

This learning outcome later facilitated the Manresa in Symbiosis experiment at the governmental level.
However, despite having a previous knowledge and familiarity with practices of industrial symbiosis, it
was still difficult to convince the industry to get involved in the network of exchanges. Again a small set
of successful demonstrative industrial symbiosis exchanges were missing to attract the industry. Manresa
in Symbiosis fulfilled this gap and created second-order learning outcomes for local industry through
practising physical and non-physical symbiotic exchanges between industrial actors.

Another second-order learning outcome from local industrial symbiosis experiments level was for a
governmental organisation, Incasol, which was motivated through ECOSIND for initiating a new
experiment using similar funding mechanisms and designed MITKE experiment. This experiment served
as a learning platform and provided mechanisms for the collection, exchange and transfer of knowledge
using the potential of its crowded international consortium. At the communication events organised during
MITKE, Incasol had the opportunity to draw upon synergies between different regional actors while co-
working with them to create a management model for LIPS. The organisation learned that such a
management model would require government involvement in the whole process. Yet, Incasol did not
have any direct responsibilities or even possible roles in LIPS management, and in fact, it may have had
a crucial role in promoting and facilitating industrial symbiosis in LIPS development. The head of the
Environment Department explained this as follows:

“...We are trying to incorporate the knowledge that has been acquired from MITKE ... What we have
learnt is that industrial symbiosis is within the LIPS management and it cannot be thought separately
... Luckily, there has been a desire among all parties to promote some regulatory changes. In fact,
we are now in a moment of change, that we should take advantage of the changes in urban planning
law with respect to approval of a new law that we call the Law of Territory, so that Incasol may have

direct or indirect involvement in LIPS management.”

Moreover, Incasol signed an agreement in 2008 with the local government of Cami dels Frares in Lleida
for Cami dels Frares Industrial Park. After learning from the best practices from other member regions of
MITKE project, Incasol had the opportunity to implement its knowledge by conducting pilot work on
integral management of services of this LIPS.
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Finally, Valles Circular stands as a learning outcome of XEI, CICLE, ECOSIND, and MESVAL
experiments and implements regional learning by extending its agreement network and continuous

knowledge dissemination and communications events.

4.3. Regional industrial ecosystems niche level

In our conceptual framework, this level is characterised by coupled expectations and visions; shared
cognitive, formal and normative rules; and regional network of actors. Thus, discussions on this level are
central to understand how industrial symbiosis initiatives can contribute to the emergence of regional
industrial ecosystems for sustainability transitions of LIPS.

Thus far, we have analysed the local industrial symbiosis experiments and presented their influence on
each regional niche building processes. We now synthesise the obtained results to discuss the aggregation
of these processes, which shed light on empirical assessment of regional industrial ecosystems niche in

Catalonia, as illustrated in Fig. 5.

Empirical data and insights from Catalonia provided clues to observe a regional endogenous and gradual
steering for emerging regional industrial ecosystems through regional networking, which demonstrated a
collective representation (e.g. Schot & Geels, 2008) involving various regional actors: regional and local
governmental organisations, researchers, universities, private consultancy companies, regional
development agencies, and industry. The built networks as the outcome of experiments varied in structure,
in terms of involved actors, and in dynamics, in terms of collaboration processes for each experiment.
Considering those networks, it can be concluded that a regional network of actors has been emerging in

Catalonia.

Based on characteristics and results of local industrial symbiosis experiments, it is still hard to mention
about shared expectations and visions among relevant regional actors. Nevertheless, continuously
cultivated experiments have been interacting in different ways and influencing each other’s objectives and
outcomes through couplings. One common expectation and vision can be pictured for networking
building, which then facilitated learning processes in industrial symbiosis experiments. These learning
processes afterwards conveyed expectations and visions to regional actors, which then turned out to be
niche actors for the upcoming experiments in the region. In other words, the local experiments have been

directly supporting or influencing each other by means of learning outcomes.

A crucial shortcoming of most experiments was the minimal involvement of the industry. Cognitive and
normative frames of LIPS actors were not truly aligned into industrial ecosystem principles. Moreover,
we have not observed concrete changes in formal rules such as tax regime, environmental regulations, or
market mechanisms that could facilitate changes in cognitive and normative frames of the LIPS. Niche
experiments have not yet totally fitted into the existing industrial production routines and have mostly
provided first-order learning outcomes for the industry. For transitions to occur, there is still a need to
change the production routines; this could be achieved by second-order learning through real
implementations, as also suggested by the SNM studies (Schot & Geels, 2008; Boon, et al., 2014). There
is also still a need for a demonstrative set of real successful exchange experiments in the region. In these
concerns, regional champions or coordinating bodies may have been helpful in line with previous
empirical findings from industrial ecology literature (Hewes & Lyons, 2008; Domenech & Davies, 2011)

but we have not identified any of them in the region based on the collected data and insights for this paper.
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Fig. 5. The emergence of regional industrial ecosystems niche in Catalonia
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Another remark from the results is related to lack of cross-regional networking in Spain. It was only in
MITKE experiment that two regions from Spain collaborated. If learning processes in Catalonia are
aggregated and cross-regionally transferred, the industrial production routines at other autonomous
regions in Spain may gradually change into more circular ways, and vice versa. Experiences and
knowledge of other regions may contribute to further niche development and stabilisation in Catalonia as
well.

Overall, it can be stated that the outcomes of continuously cultivated local niche experiments in Catalonia
have crucially contributed to three internal niche processes. However, there is still a way to go for regional
industrial ecosystem niche building. While social network building processes have led to a promising
emerging community, more industrial actors need to be involved in the regional network. On the other
hand, learning processes of the local experiments have provided important learning outcomes for different
actors, which then directly supported or facilitated new experiments. Yet, second-order learning is still
missing, especially for the industrial actors. The results of this study pointed to the required conditions
that would better encourage the industry for real symbiotic exchanges, which could influence their
cognitive and normative rules that form the basis for future sustainability transitions of LIPS. Moreover,
second-order learning was observed only in one governmental organisation, which after the experiment
(MITKE) has been trying to change the underlying rules of the existing problematic situation related to
formal rules. In brief, if a broader regional network, including the industry, with more second-order
learning outcomes, can be achieved in the region, then it will be possible to talk about a regional industrial
ecosystems niche with coupled expectations and visions towards a common direction for sustainability
transitions of LIPS. Finally, our case study revealed that the emergence of regional industrial ecosystems
niche for sustainability transitions of LIPS does not exclusively depend on articulation of expectations
and visions, network building or learning activities, but eventually the dynamic interaction between all

three niche processes.

5. Conclusion

In this paper, we aimed to understand how industrial symbiosis initiatives can contribute to the emergence
of regional industrial ecosystems for sustainability transitions of LIPS. To do so, firstly we attempted to
enlarge the visionary window of the industrial ecology research by building on SNM framework and its
concepts. Integrating industrial ecology literature and SNM, we developed a framework that provides a
conceptual foundation for analysing and understanding regional industrial ecosystem development by
focusing on the interaction of two heuristic and analytical levels — that is, the local industrial symbiosis
experiments level and the regional industrial ecosystems niche level — linked through three analytical
niche processes as suggested by the SNM perspective. The developed framework provides grounds for a
structured and diversified analysis of individual industrial symbiosis initiatives and their aggregating

contribution to the emergence dynamics of regional industrial ecosystems.

Our empirical study, with data and insights from Catalonia, demonstrated how a set of local industrial
symbiosis experiments can be analysed to understand the emergence of regional industrial ecosystems
using our conceptual framework. The results showed that continuously cultivated and interlinked
industrial symbiosis initiatives from the region have been gradually adding up to an emerging regional
industrial ecosystems niche. However, it is not yet accurate to speak of a broad emerged community with

articulated expectations and visions and shared cognitive, formal and normative rules. In this vein,
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continuity of local industrial symbiosis experiments is crucial to keep the momentum going, as also
suggested by the SNM studies (Raven, 2005; Schot & Geels, 2008), to involve more industrial actors in
the regional network; to develop more real symbiotic exchanges for second-order learning of the industry;
to assign regional coordinators with an industrial ecology vision; to create deeper linkages between
experiments; and to inform more actors in the region about what has been achieved so far and the necessary
future steps. If emerging regional network provides support and protection for new experiments, which
will continuously contribute to regional niche building processes, a regional culture change can be realised
to achieve sustainability transition of LIPS employing closed industrial production loops.

Our theory-driven approach in this paper is not to test, verify or expand the SNM framework. Instead, it
should be seen as an endeavour to link industrial ecology to innovation studies and to bring in issues from
ST field of innovation studies into the industrial ecology literature through synthesising a conceptual
framework. Our framework advances the richness of the industrial ecology field through using different
concepts (niche experiments, niche building, articulation of expectations and visions, first-order and
second-order learning, emerging community, etc.) and, more importantly, making different lines of
interpretations (local industrial symbiosis initiatives as niche experiments gradually aggregating into
regional industrial ecosystems niche). While distinguishing different levels of analysis and
conceptualising their interactions through proposed processes, we did not aim to provide ontological
descriptions of reality; instead, we generated analytical and heuristic concepts that could guide us to
understand and explain the complex dynamics of potential emergence of regional industrial ecosystems

in real settings.

Therefore, our empirical study not only addressed our research question but also served to explore the
plausibility of our conceptual framework rather than testing, verifying or expanding it. Adopting a case
study strategy, we illustrated the merits of our conceptual approach and provided an analytical narrative
on emerging regional industrial ecosystems in the selected region covering an 18-year period. Our
narrative has been guided by the main concepts of our framework, which enabled us to draw an analytical
illustration (see Fig. 5 in Section 4.3) and enables the interpretive explanations for understanding the
individual industrial symbiosis experiments, the interplay between them, and their aggregating
contribution to the emerging regional network of actors through coupled expectations and visions and

shared cognitive, formal and normative rules.

In this paper, we have conferred theoretical, methodological and empirical contributions. Firstly, we
developed a conceptual framework that provides a conceptual structuration of two interconnected heuristic
and analytical levels. It enables the analysis of separate but gradually adds up industrial symbiosis
experiments and their contribution to the emergence of regional industrial ecosystems through three
analytical niche building processes for sustainability transitions of industrial production systems.
Secondly, we differ from most case studies in industrial ecology literature in that we focused on a set of
local industrial symbiosis experiments. We focused on each experiment as a separate unit of analysis and
then combined and synthesised their results to understand their aggregating influence on the emergence
of regional industrial ecosystems. As for empirical contributions, we provided new understandings based
on new data and insights from the Catalonia region, which has never been analysed in industrial ecology
literature. Moreover, the empirical study from Catalonia enabled the illustration of theoretical linkages
between the concepts suggested by our framework in a real setting, which may help to analyse other

relevant contexts in future studies with a refined or the same conceptual approach as ours.
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Considering practical and policy implications, the developed conceptual framework has been used in this
paper as an analytical lens for ex-post evaluation (Schot & Geels, 2008) of industrial ecosystem
development in a region, but it can also be extended as a prescriptive management tool for regional actors
from Catalonia, as well as other regions holding an interest in initiating or sustaining industrial symbiosis
initiatives. More specifically, if new experiments can be designed from the beginning considering the
internal niche building processes using our framework prescriptively as a management tool, then their
contribution to regional industrial ecosystems niche can be stronger, as also suggested by the SNM
literature (Weber, et al., 1999; Raven, 2006; Schot & Geels, 2008). Moreover, this paper also contributes
to better understanding of complex dynamics for the emergence of regional industrial ecosystems, which
strongly relates to the decisions and actions of relevant actors involving industrial organisations of all
sizes, governmental and non-governmental organisations, entrepreneurs, universities and research

institutes, local champions, managing/coordinating bodies, and the local community.

Finally, we suggest various some further research opportunities. Our conceptual framework can be further
tailored and used as an ex-post analytical framework for analysing other empirical cases from the
industrial ecology field. Moreover, future studies can seek to analyse socio-technical transitions of
industrial production systems through industrial symbiosis. This may require analysis of multi-regime
dynamics building also on the multi-level perspective (Geels, 2002; Rip & Kemp, 1998), which indeed
needs to be expanded in the ST field, as other ST scholars have suggested (e.g. Schot & Kanger, 2018;
Raven, 2007).
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Appendix A — Secondary data inventory

Data
type

Quantity Original data purpose Original data audience

Governmental communication
reports

To promote economic activity in Catalonia analysing
industrial sectors and their progress and to evaluate
potential of industrial symbiosis and circular economy

9 reports with 835
pages in total

Regional and local governmental
organisations, industries

—  The power of circular economy in the Barcelona Metropolitan Area, Area Metropolitana de Barcelona, 2016 — 65 pages

—  Economic activity sectors’ style guide, Institut Catala del Sol, 2017

—  Corporate associative activity in economic activity sectors, Diputacié de Barcelona, 2016

—  Mapping of the industrial associative networks in the Barcelona Metropolitan Area, Area Metropolitana de Barcelona, 2016
—  Catalonia Ecodesign Catalogue, Government of Catalonia, 2016

—  Industrial Strategy of Catalonia: Programmes for the Seven Strategic Industrial Sectors, Government of Catalonia, 2015

- 2009 Communication Report, Institut Catala del Sol, 2009

—  The new industry: The core sector of Catalan economy, Government of Catalonia, 2009

—  Map of Local Industrial Production Systems in Catalonia, Government of Catalonia, 2005

Interim and final reports of the initiatives

Partners, clients of initiatives, industries,
NGOs, local community, universities and
research centres, other local stakeholders

9 reports with 403 To monitor initiatives’ progress and disseminate
pages in total information and knowledge

—  Good Practice in the Management and Development of Business Areas and Industrial Parks: Benchmark Findings from the
Mitke Project, 2009

—  XEI Project Results Report, 2002

—  Ecosind, Project Summary Information, 2006

—  Ecosind, Recommendation Guide for Planification and Management of Industrials Zones Using Industrial Ecology: Industrial
Ecology and Circular Economy, 2006

—  Ecosind, Recommendation Guide for Planification and Management of Industrials Zones Using Industrial Ecology: South
Europe Industrial Zones’ Current Situation and Problems, 2006

—  Ecosind, Recommendation Guide for Planification and Management of Industrials Zones Using Industrial Ecology: Ecosind
Recommendations, 2006

—  Ecosind, Recommendation Guide for Planification and Management of Industrials Zones Using Industrial Ecology:
Experiences and Techniques Files, 2006Mitke, Managing the Industrial Territories in the Knowledge Era, Project Summary
Document, 2011

—  Mitke, Managing the Industrial Territories in the Knowledge Era, Project Fiche, 2013

Local news

5 news with 27 pages To disseminate information and knowledge about Industries, local community and other local
in total regional industrial ecosystem development stakeholders

—  Eco-circular: The industrial symbiosis in Manresa could yield annual savings of approximately 1.35 million euros, 2017
—  iResiduo, Manresa in Symbiosis; Circular economy would yield annual savings of up to 1.35 million euros, 2017

—  La Vanguardia, Catalonia launches a record of industrial parks to attract investors, 2017

—  Mon Sostenible, Green economy and circular economy in Catalonia, 2017

—  Blog Terraqui, Public and private support to industrial symbiosis: the implementation of circular economy, 2015

Press releases, presentations and posters

22 documents with . . L . Clients of initiatives, industries, NGOs, local
. To disseminate interim and final results of the initiatives .
237 pages in total community, other local stakeholders

—  Project presentation, Manresa in Symbiosis: Implementation of an industrial symbiosis Project in Manresa, 2016

—  Project poster, Manresa in Symbiosis: Results of the pilot industrial symbiosis project in Catalonia, 2016

—  Workshop presentation, 13th European Week of Regions and Cities: Promoting green and circular economy in Catalonia,
2015

—  Interregional seminar presentation, Mitke, 2011

- Mitke Newsletter 1, 2009

- Mitke Newsletter 2, 2009

- Mitke Newsletter 3, 2009

- Mitke Newsletter 4, 2010

- Mitke Newsletter 5, 2010

- Mitke Newsletter 6, 2011

- Mitke Newsletter 8, 2011

—  Project final conference presentation, Ecosind: The inter-regional cooperation III C, The RFOS and the Environment, 2006

—  Project presentation, Ecosind: Industrial ecosystem, a strategy for the sustainable development of industrial activities, 2006

—  Project presentation, Ecosind: Strategic and integrated governance system of industrial areas, 2006

—  Project presentation, Ecosind: Demonstration projects of industrial ecology, 2005

—  Project final presentation, Mesval: Final Mesval Results, 2006

—  Project poster, Mesval, 2005

- Press release, Mesval, 2005

—  Project general presentation, XEI: Industrial ecology in Catalonia, 2002

—  Project poster, XEI, 2002

—  Project presentation, Cycle: Industrial ecology in paper and leather industry, 2002

—  Project detailed presentation, Cycle: Industrial ecology in paper and leather industry, 2002

Articles

3 articles with 44 pages To study industrial symbiosis opportunities and to Academic community
in total analyse LIPS in Catalonia

- Towards a closed cycle of matter in Teneria, Jornada AQEIC, 2002, 31-44, Puig, R.; Cervantes, G.; Rius, A.; Marti, M.;
Soler, J.; Olalla, S., — 14 pages

- Industrial Colonies in Catalonia, Catalan Historical Review, 4, 201, 101-120, Serra Rosa — 20 pages

—  The Catalan industry, Treballs de la Societat Catalana de Geografia, 1986, 105-118, Pujadas i Rubies, Roma— 14 pages
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Appendix B — List of interviewees

Organisation name

The position of the interviewee

Universidad de Guanajuato

Professor at Universitat Politecnica de Catalunya from 1991 till
2008.

Co-creator and member of XE/
Expert in CICLE

Coordinator in ECOSIND
Coordinator in MESVAL

Universidad Autonoma de Barcelona, The Institute of
Environmental Science and Technology

Head researcher of the research group on sustainability and
environmental protection.

Co-creator and member of XE/

Expert on industrial ecology. Expert in ECOSIND
Expertin MESVAL

Co-creator and member of Valles Circular

The Government of Catalonia. Secretariat for Housing
and Urban Improvement. Department of Governance,
Public Administrations and Housing

Chief Officer of European Programmes.
Director of ECOSIND

Incasol, a public company of the Government

of Catalonia which is attached to the Department of
Regional Policy responsible for Development of land
for economic activities

Head of Environmental Department.
Project coordinator of MITKE

Project Development Coordinator
Project Expert in MITKE

Simbiosy, a private key player for industrial symbiosis
in Catalonia linking municipalities, LIPS and other
industrial actors

Founder and Director of the company

Founder and Director of the company

Manager and coordinator of various industrial ecosystem initiatives
in Catalonia including Manresa in Symbiosis

Eduard Balcells Architecture, a private architecture
company

Director of the company and principal architect of an industrial
ecosystem initiative, The New Urban Fabric

The Valles Occidental County Council, public body to
coordinate policies and the provision of services to the
public, especially of collaboration and support in
Vall¢s area of Catalonia

Head of Entrepreneurship and Business Department
Local coordinator of Valles Circular
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