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It is acknowledged that Industrial Symbiosis (IS) is not only a technical phenomenon; socio-relational, organiza-
tional, and cultural issues come to light in its development aswell. This ismuchmore evidentwhen an IS relies on
existing contexts. Industrial networks and clusters have been proven to be one of the best models of local indus-
trial development, and they can be considered also a favorable starting context for IS projects. The relations be-
tween traditional and symbiotic networks have been deeply investigated, but the complexity and the scientific
and practical implications of the topic render the discussion still open. The present article contributes to this de-
bate by clarifying the dynamics of the IS development in connection with the features of existing industrial clus-
ters. The study proposed uses the results and the experiences gained by the authors in three case studies
previously conducted, in order to develop an interpretative framework for assessing the potential and the limits
for the development of IS-based scenarios. Empirical evidences show both the role of significant technical factors
in designing the IS and the role played by non-technical factors in promoting and preventing its potential
implementation.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

In the literature there is much debate on how to make Industrial
Symbiosis (IS) effective within different contexts. This issue primar-
ily involves technical factors, influencing the choice of the solutions
that can be more suitable than others and thus the form in which
the IS may occur. It is also strictly related to how non-technical fac-
tors may affect its development. According to Boons and Baas
(2006) “IS activities are shaped by the context in which they occur, de-
scribed in terms of cognitive, structural, cultural, political, spatial and
temporal embeddedness”, the comprehension of the role of such fac-
tors can provide both methodological and practical insights toward
the IS development (Chertow and Ehrenfeld, 2012; Jensen et al.,
2011a).

Local industrial agglomerations can be considered a favorable
context for the establishment of symbiotic synergies, due to the
geographic proximity and the general tendency to collaboration of
companies (Erkman and Van Hezik, 2014; Hewes and Lyons, 2008;

Sterr and Ott, 2004; Wallner, 1999). In accordance with Deutz and
Gibbs (2008), the present article uses the term “Industrial Clusters”
(ICs) to indicate the various operating forms of such agglomera-
tions, including the renowned Italian industrial districts, that since
the 70s have become a representative paradigm, at a global level.
An extensive literature on economic geography and organization
studies highlighted the features of such a model of local develop-
ment. The studies often focused on the technological and the
socio-economic aspects, especially the interactions amongst the
local companies and territories (Becattini, 2004; Porter, 1990;
Marshall, 1928); the environmental dimension has been less con-
sidered. More recently, the IC model has been facing its own limits,
mainly imposed by the global competition (De Ottati, 2009;
Guerrieri and Pietrobelli, 2004; Lazerson and Lorenzoni, 1999); in
this perspective we consider IS to be a great opportunity for its
revitalization.

The present article deals with the development of IS in existing
ICs, by analyzing the results and the experiences gained from three
case studies conducted by the authors in the Italian Region of
Abruzzo (Simboli et al., 2014, 2015; Taddeo et al., 2012). Through
the framework, we try to clarify: 1) what technical and non-
technical factors can affect the potential development of IS in
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such contexts and 2) how they can (positively or negatively) act.
The following sections respectively present: the theoretical back-
ground of the study; the three case studies previously conducted;
the methods and the framework used; the results of the analysis
and their discussion. Finally, the conclusions are outlined.

2. Theoretical Background: An Overview

Already in 1996, Cohen-Rosenthal and McGalliard (1996)
highlighted the importance of inspiration from studies on industrial
networks or clusters for the development of policies in order to stim-
ulate eco-industrial collaboration. In 2003, in investigating the im-
plementation of sustainable development within local and regional
economic development strategies, Gibbs (2003) highlighted the
need of multidimensional approaches that draw upon economic ge-
ography and regional economics on trust, cooperation and “untreat-
ed interdependencies” (rules, routines and networks that form the
basis of regionally or locally specific material and nonmaterial as-
sets). It is precisely the multidimensionality that is one of the keys
for the interpretation of the phenomenon. Mirata (2004) reviewing
the factors influencing the development of three IS programs in the
U.K. (in the early stages) argued that the nature of the companies
and the industrial history of the region influence the progress of
the programs, concluding that, a promising approach in developing
IS networks is to “rely on the body of knowledge developed under
inter-organizational relationship/collaboration and networking/cluster
fields”. The relation between IS and the positive externalities deriv-
ing from co-located companies, the so-called “agglomeration econo-
mies”, has been the focus of an analysis presented by Chertow et al.
(2008); the authors outlined how particular industrial configura-
tions can be suited to different types of IS. The difficulties in changing
routines embedded in industrial companies' behavior, and the inter-
connections between the techno-sphere and the social system di-
mensions has been addressed in a study involving an IS program in
Rotterdam (Baas and Huisingh, 2008). A conceptual step forward
has been made by Deutz and Gibbs (2008), who wondered if indus-
trial ecosystems could be conceived as environmentally-based vari-
ants of traditional ICs. After having examined the similarities and
the differences between the two models, they recognized that the
different nature and object of the transactions -products versus
wastes/scraps- is one of the main limits for the inclusion of industrial
ecosystems in a cluster perspective.

Networking, both social and material, is a common theme of re-
cent studies concerning the development of IS in existing and long-
standing industrial contexts (MacLachlan, 2013). Some of them
have deepened the role of tacit and explicit knowledge and ICT
tools in order to enhance collaboration (Grant et al., 2010), others
have focused on the approach of the embeddedness, associated
with the concept of trust (Doménech and Davies, 2011) or proximity
(Schiller et al., 2014), for the application of Social Network Analysis
(SNA). Furthermore, the role of external factors and agents in the
emergence and evolution of IS have been faced, outlining the effects
of governmental interventions (Costa et al., 2010) through policies
and legislation or the combined action of top-down (planned/goal
directed) and bottom-up (self-organized/serendipitous) mecha-
nisms (Paquin and Howard-Grenville, 2012) for the facilitation of
the IS development.

Some authors focused their efforts on defining analytic frame-
works. Most of all, we agree with the approach followed by
Jacobsen and Anderberg (2004) and Ashton (2009). The former,
in a study based on the Kalundborg eco-industrial park, proposed
an analytical scheme focusing on three different aspects of the de-
velopment of IS in existing networks: physical preconditions and
possibilities (concerning the identification of the energy and mate-
rial flows within the network); economic and environmental ef-
fects (concerning the potential benefits deriving from the IS

collaborative action and exchanges); central conditions and mech-
anisms behind the development of IS networks (concerning other
contextual factors than physical and economic ones that can influ-
ence the creation of IS). Ashton (2009), in assessing regional indus-
trial ecosystems, considers functions, economic transactions,
policy context and social interactions and the role of external
forces in driving changes. The interpretative framework that is pro-
posed in the present article takes into account these settings,
adapted to the analyzed context and the specific conditions of the
study.

3. The Context and the Previous Case Study Research Conducted

This section describes briefly the empirical contexts and the three
previously conducted studies. More details about the methods, the
tools used and the data detected in each case study are available in
the original articles (Simboli et al., 2014, 2015; Taddeo et al., 2012)
and the related annexes.

The ICs analyzed respectively operate in the chemical, automotive,
and agri-food industries. They are all located in the Italian Region of
Abruzzo (Fig. 1).

Their main features are described in Table 1.
The first case study conducted (BCS) was related to an explorato-

ry research project, funded by the local government for the revital-
ization of the chemical site (Taddeo et al., 2012). The results
obtained and the experience gained during this first study led the
authors to replicate the research, in the form of academic studies
and in collaboration with local stakeholders, in the two other con-
texts, whilst maintaining the methods and the structure of the orig-
inal research (Simboli et al., 2014, 2015). In all cases long-standing
ICs in the maturity stage have been selected. Each study was con-
ducted in two phases: a literature review, and an on-site survey.
Mixed methods have been used: quantitative for the analysis of
the technical aspects of the symbiosis (data from local databases
and questionnaires administered) and qualitative for the other as-
pects investigated (data from focus groups and meetings). The
questionnaires were developed with reference to the scheme
drawn up by Heeres et al. (2004). The meetings and focus groups
were convened andmanaged by the local partners, with the support
of researchers, involving themost important companies of the three
contexts. They were held at the beginning, in the middle and at the
end of projects, in order to present the progress made, encourage
and support an exchange of views and initiatives amongst the vari-
ous stakeholders involved. The role of the researchers was active as
regards the collection of the first type of data and as participant ob-
servers for the others. The analysis of all the case studies ended at
the stage of the IS scenarios design; two pilot tests have been con-
ducted on specific solutions. Both qualitative and quantitative data
obtained were used to set the framework and for the analysis pre-
sented hereafter.

4. The Interpretative Framework

4.1. Approach

The empirical evidence of the aforementioned case studies
prompted us to further investigate some aspects related to our re-
search. In particular, besides the technical factors, non-technical fac-
tors, defined as “embedded” in the context (Schiller et al., 2014;
Doménech and Davies, 2011; Costa and Ferrão, 2010) have been con-
sidered. We deemed this further deepening capable of providing
both methodological and applicative contributions for IS studies
and for the policies of sustainable local industrial re-development,
especially in countries, such as Italy, where long-standing ICs are
widespread.
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