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“This is the beginning of a thought process that moves towards a
consciousness way of being, as well as a way of doing in the world
which is [...] always a process of becoming”.

(Maguire, 2018, p.103)
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PREFACE

A three-year (January 2017—December 2019) industrial PhD project, equally financed
by Innovation Fund Denmark (Innovationsfonden) and Port of Aalborg Logistics Ltd.,
shaped the characteristics of the research undertaken and presented in this thesis. As
an industrial PhD, [ was expected to collaborate with a company for producing applied
results in real contexts and leading to commercial gains, and an university to address
new areas of research and strengthen relationships among company and university
(Innovation Fund Denmark, 2019). To achieve this, I was employed by the Port of
Aalborg Logistics Ltd. (the company) and enrolled at the Technical Doctoral School
of IT and Design at Aalborg University within Danish Center for Environmental
Assessment (DCEA) (the university). Both the Port of Aalborg and DCEA are the co-
founders of Environment™, the strategic initiative aiming at initiation of industrial
symbiosis in Aalborg East port industrial area and at transforming the port industrial
area in Aalborg East into a national and international role model for symbiotic
relationships. The Environment™ seeks to transform the environmental awareness,
planning, and management into important opportunities and decisive competitive
factors in retaining and attracting new businesses and jobs in the region.

Involving both academics and practitioners, Environment" initiative became the

research context. Integrated within Environment™, the PhD project aimed at
providing inputs to both academia and practice through 1) this academic PhD thesis
focusing on the IS emergence process and factors that can facilitate it in port industrial
areas by taking an applied science approach; and 2) the practice-oriented report
presenting specific actions that the company and other actors in Aalborg can take to
support IS emergence in the local port area.

The process of the PhD project and the research within this thesis results not only in
a contribution to academia and practice, but also a contribution to my own personal
and professional development. The research within this thesis was a continuation of
the research undertaken during my master’s degree studies and became a
steppingstone for my future research and practice interests. It is thus the connecting
dot between my past experiences with facilitative processes and my interests in future
activities encouraging industrial symbiosis emergence in Aalborg. In this way, this
thesis is the knotting point between knowledge and experience, and between my past
and future.






SUMMARY

Industrial symbiosis (IS) is a recognized strategic tool for implementing circular
economy and sustainable business development at European, national, regional, and
local levels. Its environmental, social, and economic benefits are recognized, and
efforts are intensified around the world to encourage it in various contexts. Although
successful examples exist in practice, empirical evidence shows that they apply
various approaches to IS initiation. While these explain the IS emergence in those
specific contests, they challenge the understanding of IS emergence in other contexts.
Contexts that present various (organizational, informational, technical, economical,
institutional, etc.) characteristics can enable or challenge IS emergence. Such
contextual characteristics provide initial conditions for IS emergence and shape its
process. Research tailored to a specific context, analyzing its characteristics could
provide knowledge on its capacities for fostering IS emergence and can point on the
further capacity that needs to be built so that further symbiotic linkages can emerge.

Modern ports are given an interesting role in circular economy and IS initiatives and
are perceived as laboratories for IS emergence processes implementation. Following
their (environmental) evolution, they engage with industrial symbiosis strategies for
both port and hinterland development. Industrial areas at the port perimeter and its
hinterland are found to be areas with considerable resources that can foster IS
emergence. Various initiatives that aimed at fostering IS emergence in the Aalborg
East port industrial area took place during the last decade. However, few symbiotic
relationships arose, as more insights and understanding were needed on the process
through which IS emerges and the factors that facilitate it. The initiation of
Environment™ and its sub-project, the Sustainable Synergies project, allowed
following a real-time IS emergence process in real-life context and achieving the
research aim.

Rooted in the research gap identified in the IS literature and the practice of IS
emergence in the Aalborg East port industrial area, the present research aims at
providing insights into and a better understanding of IS emergence, contributing to
both theory generation and further support of IS emergence in practice. To meet this
aim, the research was guided by the following main research question:

How can industrial symbiosis emerge and what factors can facilitate the industrial
symbiosis emergence in the Aalborg East port industrial area?

Answering the research question, an engaged scholarship approach was taken and an
alternation among various modes of research followed. Making use of an embedded
case study where data were collected through a triangulation of methods (individual
and group interviews, observations, and document analysis) the research builds
around a synthesis across findings documented in four academic articles and the



primary case of IS emergence in the Aalborg East port industrial area. The research
aimed at enriching the scientific understanding of industrial symbiosis emergence and
of specific factors that can facilitate it. Likewise, the research sought to provide
insights into contextual characteristics of port industrial areas as factors fostering IS
emergence. Simultaneously, this research aimed at contributing to the practice of IS
emergence in the Aalborg East port industrial area through collecting inputs from the
on-going IS-aiming initiative Environment™ and providing inputs for further IS
emergence.

Answering how IS can emerge, it is found, based on a synthesis across cases and
contexts, that industrial symbiosis emerges through an IS emergence process. This is
a dynamic social process that is integrated within a specific geographical and
institutional context and builds on existing contextual factors, existing symbiotic
linkages, and the uncovered unexploited resource potentials to develop bilateral
symbiotic linkages and an IS network. A conceptual model for IS emergence is
developed that represents IS emergence as the phase in the IS evolution between pre-
emergence and post-emergence. Empirical evidence from IS emergence processes in
port industrial areas shows that in practice boundaries between pre-emergence,
emergence, and post-emergence are fluid and these are interconnected and difficult to
separate. The second conceptual model developed—IS reproduction model—explains
the different reproduction paths that, through various degrees of interconnectivity
among existing and new emerging symbiotic linkages, lead to the emergence of
bilateral relationships and symbiotic network formation. These in their turn can
encourage new symbiotic relationships’ emergence. The real-life process of IS
emergence in port industrial areas present evidence for symbiotic linkages emerging
through facilitation and reproduction dynamics. A multitude of actors can engage or
be engaged within various (self-organized, facilitative, and/or reproductive)
interactions activating the existing contextual factors and capacity to form new
symbiotic linkages from scratch or/and from existing linkages. Thus, IS appears to
emerge through a combination of multiple IS dynamics. These are found to combine
in an evolutionary journey that are expected to lead to emergence of IS through
following multiple iterations and non-linear paths.

Concerning the factors that can facilitate the industrial symbiosis emergence, the
research identifies factors related to the contextual (geographical and institutional)
characteristics and capacities of port industrial areas as enablers. Synthesizing across
cases and contexts, the present research confirms the fact that port industrial areas
present important geographical, technical, and institutional characteristics and
capacities that can facilitate IS emergence. However, these are not leading to IS
emergence by default. Significant mobilization capacity is needed to activate the
existing capacity within IS emergence processes. Focused facilitative processes
applying various mobilization techniques are necessary. Such processes can be
initiated and unfolded by dynamic collaborative structures formed by multiple actors
across sectors. Within these facilitation entities, specific professional and personal
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skills and capacities must exist. IS emergence is found to be fostered by institutional
structures such as partnerships accommodated by IS-aiming platforms. Thus,
institutionalization of IS is necessary to assure its emergence.

To conclude, it can be stated that this thesis produces actionable knowledge with direct
contributions to both academia and practice. The two conceptual models developed—
the IS emergence model and the IS reproduction model—are the immediate scholar
contribution. The two models present important implications for the IS field of
research generating initial theoretical insights on how IS emerges with rich empirical
evidence from real-life processes of IS emergence in port industrial areas. Regarding
the contribution to practice, this research, besides providing insights into contextual
characteristics of the Aalborg East port industrial area, questions the capacities present
in the context and challenges the roles of different actors, inviting them to take a
strategic and pro-active attitude towards IS emergence process. The research provides
recommendations for further facilitation of IS emergence in the port industrial area of
Aalborg East, pointing at the need of a focused and collaborative network for IS
emergence. While multiple actors are already involved in an IS emergence process,
the findings of this thesis point at a need for IS emergence to be institutionalized,
meaning internalized at the individual and organizational level, and transformed into
a strategy at institutional level. Specific institutional collaborative network structures
need to be formed and a focused process needs to be initiated and monitored. Such a
process needs to accommodate self-organized, reproductive, and intentional
facilitative actions and interactions to secure capacity building for further IS
emergence.
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RESUME

Industriel symbiose (IS) er et anerkendt strategisk vearktej til implementering af
cirkulere okonomi og baredygtig forretningsudvikling pa europaisk, nationalt,
regionalt og lokalt niveau. Det miljemaessige, sociale og ekonomiske fordele er bredt
anerkendt, og bestrabelserne pa at fa IS til at opsta intensiveres over hele verden for
at tilskynde til det i forskellige sammenhange. Selvom der findes succesrige
eksempler i praksis, viser empiri, at de anvender forskellige tilgange til IS-opstaen.
Mens disse forklarer IS opstaen i specifikke kontekster, udfordrer de forstaelsen af
hvordan IS kan opsta i andre kontekster. Kontekster med forskellige (organisatoriske,
informationsmeessige, tekniske, ekonomiske, institutionelle, osv.) egenskaber, kan
aktivere eller udfordre IS-opstden. Sadanne kontekstuelle karakteristika stiller
indledende betingelser for IS-opstden og former dens proces. Forskning, der er
malrettet en specifik kontekst, ved at analysere dens egenskaber og producere viden
om dens kapacitet til at fremme IS’ opstéen, kan pege pa hvilken yderligere kapacitet,
det er nedvendigt at opbygge, for at symbiotiske forretningsmodeller kan opsta i den
givne kontekst.

Moderne havne kan opna en interessant rolle i cirkuler ekonomi og IS - initiativer og
opfattes som laboratorier til implementering af processer, der understatter IS-opstéaen.
Som felge af deres miljemeassige udvikling, engagerer havnene sig i og
implementerer strategier og processer, der understotter [S-opstden malrettet havnens
og baglandets baredygtig udvikling. Erhvervsomrader naer havnene og i deres
bagland viser sig at vaere omrader med betydelige ressourcer, som kan muliggere IS-
opstaen. I Aalborg @st erhvervsomrade, nar ved Port of Aalborgs bagland og dermed
dennes bagland, har flere initiativer fundet sted gennem det sidste arti med det formal
at fremme IS-opstaen. Der opstod dog kun fa symbioser, da der var behov for mere
indsigt i og forstaelse for den proces, hvorigennem IS opstar, og de faktorer, der
bidrager dertil. Igangseattelsen af Miljo™ initiativet og dets delprojekt, Beeredygtige
Synergier, gjorde det muligt at folge faciliterings processer hvorigennem IS-opstod i
virkeligheden og dermed opfylde forskningsformalet.

Forankret i forskningsbehovet identificeret i IS-litteraturen samt erfaringer med
praksis i forhold til IS-opstden i erhvervsomradet i Aalborg Ost, sigter denne
forskning efter at fa bedre indsigt i og forstdelse af processen, der forer til IS-opstéen.
Dermed bidrager forskningen til bade teoriudvikling og IS-opstéen i praksis. For at na
dette  mal blev forskningen wudviklet p& Dbaggrund af felgende
hovedforskningsspergsmal:
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Hvordan kan industriel symbiose opstd, og hvilke faktorer muliggor den
industrielle symbioses opstien i Aalborg Ost erhvervsomrade?

En forskerengageret tilgang og en veksling mellem forskellige forskningsformer blev
anvendt for at besvare forskningsspergsmalet. Ved hjelp af casestudie, hvor data blev
indsamlet gennem en triangulering af metoder (som fx individuelle og gruppe
interviews, observationer og dokumentanalyse) bygger forskningen pa en syntese pa
tvaers af indsigter dokumenteret i fire akademiske artikler og det empiriske arbejde
beskrevet i denne athandling, der relatere sig til processen for at stette IS -opstden i
Aalborg st erhvervsomrdde. Forskningen i denne afhandling beriger den
videnskabelige forstaelse af IS-opstaen og af de specifikke faktorer, der muligger den.
Ligeledes soger forskningen at skabe indsigt i de kontekstuelle karakteristika for
havneerhvervsomrader som faktorer, der faciliterer IS-opstden. Samtidig bidrager
forskningen til processen malrettet [S-opstéen i Aalborg @st erhvervsomréde 1 praksis
gennem indsamling af input fra det igangveerende Miljg™ initiativ og Baeredygtige
Synergier projektet ved at belyse faktorer, der krever yderligere fokus hvis IS -
opstaen skal yderligt faciliteres.

Vedrerende hvordan IS opstar, baseret pa en syntese pa tvars af undersegelser og
kontekster, finder forskningen prasenteret i denne athandling, at IS opstar gennem en
langvarige proces. Denne er en dynamisk og social proces, der er integreret i en
specifik geografisk og institutionel kontekst, og som bygger pa eksisterende
kontekstuelle faktorer, eksisterende symbiotiske relationer og de afdakkede
uudnyttede ressourcepotentialer. Endelig bidrager processen til udvikling af bilaterale
symbiotiske relationer og et efterfelgende IS-netverk. Gennem denne forskning
udvikles der to konceptuelle modeller. Den ene, model for IS-opstaen”, presentere
[S-opstéen som en fase i IS-udviklingen positioneret mellem en prae-opstden og post-
opstaen fase. De empiriske data fra processen malrettet [S-opstaen i havnerelaterede
erhvervsomrader viser, at i praksis er greenser mellem disse faser flydende, og disse
er sammenkoblet og vanskelige at adskille.

Den anden konceptuelle model, ”IS reproduktionsmodellen”, forklarer de forskellige
reproduktionsmader, der gennem forskellige grader af athangighed mellem
eksisterende og nye symbiotiske relationer forer til fremkomsten af bilaterale forhold
og dannelsen af et symbiotisk netvaerk. Disse, kan fremme sandsynligheden for, at
nye symbiotiske relationer opstar. Den undersggte reelle proces, hvor IS opstar i
havnerelaterede erhvervsomrader prasenterer evidens for, at symbiotiske relationer
opstar gennem facilitering og reproduktions-dynamikker. Adskillige og forskellige
akterer kan engagere sig eller blive engageret i forskellige (selvorganiserede,
faciliterede og/eller reproduktive) interaktioner, der aktiverer de eksisterende
kontekstuelle faktorer og kapacitet til at danne nye symbiotiske forbindelser. Saledes
konkludere forskningen, at IS opstar gennem en kombination af flere IS-dynamikker,
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som kan kombineres i og danne en evolutioner rejse, der forventes at fore til IS-
opstaen gennem flere iterationer og en ikke-lineer proces.

Hvad angar de faktorer, der kan facilitere IS’ opstaen, identificerer forskningen
faktorer, der relaterer sig til de kontekstuelle (geografiske og institutionelle) treek og
eksisterende kapacitet i havnerelateret erhvervsomrader. Syntesen pa tveers af
undersggelserne bekrafter at disse omrader har vigtige geografiske, tekniske og
institutionelle ressourcer og kapacitet, der kan facilitere IS-opstden. Disse forer
imidlertid ikke nedvendigvis direkte til IS-opstden. Der er behov for en betydelig
mobiliseringskapacitet for at aktivere de eksisterende ressourcer og kapacitet gennem
processer malrettet IS-opstden. Fokuserede processer, der faciliterer og anvender
forskellige mobiliseringsteknikker, er nedvendige. Sadanne processer kan initieres og
stottes af dynamiske samarbejdsstrukturer dannet af flere akterer pa tvaers af sektorer.
Indenfor disse skal der eksistere facilitatorer med specifikke faglige og personlige
feerdigheder og kapaciteter. IS-opstéen viser sig at veere muliggjort af institutionelle
strukturer, sdsom partnerskaber, der er stottet og opfostret af platforme, der sigter efter
IS. Institutionalisering af IS er saledes nadvendig for at sikre dets opstaen.

Afslutningsvis kan det konkluderes, at forskningen i denne athandling har produceret
anvendt viden med direkte bidrag til bade det teoretiske felt og praksis. De to
udviklede konceptuelle modeller — model for IS-opstden og IS -
reproduktionsmodellen — er direkte bidrag til IS-forskningsfeltet. Disse, baseret pa
bade input fra den eksisterende viden og empiriske data gennem denne forskning,
skaber en indledende teoretisk indsigt i, hvordan IS kan opstd generelt og i
havnerelaterede erhvervsomrdder. Udover at skabe indsigt i de kontekstuelle
karakteristika af erhvervsomradet i Aalborg Ost, bidrager forskningen i denne
athandling til praksis ved at oplyse om de eksisterende kapaciteter i dette omrade, og
stille spergsmalstegn ved forskellige akterers roller og invitere dem til at tage en
strategisk proaktiv attitude maélrettet IS-opstden. Afhandlingen kommer med
forskellige anbefalinger for yderligere facilitering af IS-opstden i Aalborg st
erhvervsomradet, og peger pa behovet for et fokuseret samarbejdsnetverk af akterer,
der arbejder for at facilitere IS-opstaen. Mens flere akterer i omradet allerede er
involveret i en sadan proces, peger forskningsresultater pa et behov for, at IS-opstaen
institutionaliseres. Det betyder at der er behov for at IS integreres pa forskellige
niveauer: individ, organisatorisk og institutionel. Specifikke institutionelle
samarbejdsstrukturer skal dannes og en fokuseret interaktiv proces skal igangsettes
og monitoreres. En sadan proces skal rumme selvorganiserede, reproduktive og
faciliterende dynamikker, sa den individuelle, organisatoriske og institutionelle
kapacitet opbygges og forer til yderligere IS-opstéen.
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1 INTRODUCTION

Industrial symbiosis (IS), inspired by mutualistic biological relationships (Frosch &
Gallopoulos, 1989) is conceptualized as a systemic approach to organizing industrial
systems through development of mutually beneficial relationships by making use of
otherwise underutilized materials, energy, water, capacity, expertise, assets, etc.
(Lombardi, Lyons, Shi, & Agarwal 2012; Lombardi & Laybourn, 2012b). Physical
exchange and sharing of excesses of underutilized materials, energy, water, by
products, knowledge, expertise, and assets among traditionally separate (business)
organizations form the essence of symbiotic linkages (Chertow 2000; Lombardi &
Laybourn, 2012a). Industrial symbiosis supposes (sustainable) business relations
interconnected through symbiotic (mutualistic and commensalistic) business models
in order to achieve more efficient resource management and networked economic
activity (Ashton, Chopra, & Kashyap, 2017; Lombardi & Laybourn, 2012a).

IS is acknowledged to increase the business organizations’ economic performance
(Verguts, Dessein, Dewulf, & Lauwers, 2016) through decreased economic costs for
waste disposal and raw material acquisition (Doménech, Bleischwitz, Doranova,
Panayotopoulos, & Roman, 2019), as well as product, business, and market
diversification by encouraging innovative business ideas and fostering eco-innovation
(Lombardi & Laybourn, 2012a). Environmentally, IS has proved to improve the
ecological footprint of industrial processes (Boons, Chertow, Park, Spekkink, & Shi,
2017) through landfill diversion of discarded materials and by-products, saving of
virgin raw materials and water, and reducing hazardous waste and greenhouse gas
emissions (Doménech et al., 2019). Moreover, IS has proved to bring along social
development in form of new jobs generation and increased quality of life through
environmental benefits, thus increasing regional attractiveness (Behera, Kim, Lee,
Suh, & Park, 2012; Gibbs & Deutz, 2007; Mirata, 2004; Cohen-Rosenthal, 2000).

Due to its environmental and social benefits and economic potential, IS was
recognized as an important strategy for achieving a circular economy at EU level (EU
Commission, 2011; 2014; Horizon 2020, 2015), being named by the European
Resource Efficiency Platform (EREP, 2014) as a top priority area with significant
potential to trigger the transition towards sustainable businesses and societies. At
regional level, IS has been adopted as a strategic tool for eco-innovation, sustainable
(economic) growth, and resource efficiency (Laybourn & Lombardi, 2012), and as a
marketing strategy for geographical regions and their development (Deutz & Gibbs,
2004).

Modern ports are important regional industrial systems (Boons, Spekkink, &
Mouzakitis, 2011) that accommodate large industries, production companies, waste
management firms, and various other types of organizations. These have proved to
have significant potential for development of symbiotic relationships due to the co-
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location of a diversity of organizations within geographic proximity offered by the
port industrial areas at the port’s perimeter and hinterland. Various large ports are
found to engage with IS strategies for various reasons, among which driving the port
and its hinterland’s competitiveness and sustainable development (Cerceau et al.,
2014; Mat et al., 2016; Merk, 2013) is the most common. Likewise, the smaller Port
of Aalborg engages with IS for similar reasons. Adopting environment as a growth
parameter and engaging with IS strategies, the Port of Aalborg seeks to catalyze the
port and hinterland sustainable development and increase the attractiveness of the
region.

Despite the growing interest in IS as a tool for achieving circular economy and
sustainable development in general, and port and hinterland competitiveness
specifically, the creation of IS in practice proves to be challenging (Chertow, 2007).
The existing IS examples (Doménech et al., 2019; Deutz, Lyons, & Bi, 2015) allowed
scholars to examine the evolutionary phases of IS, focusing on its emergence and
development (Boons, Spekkink, & Jiao, 2014; Doménech & Davies, 2011), and to
uncover drivers, determinants, challenges, and barriers for IS emergence and
development (Tudor, Adam, & Bates, 2007; Madsen, Boisen, Nielsen, & Tackmann,
2015). Some researchers describe the IS dynamics (Boons et al., 2017; Sun, Spekkink,
Cuppen, & Korevaar, 2017) and others present geospatial, technical, economic,
human, organizational, informational, and institutional factors as initial conditions for
IS emergence and development (see e¢.g. Yap & Devlin, 2016; Mirata, 2004; 2005).
However, scholars seem to not make a clear distinction between IS emergence and IS
development and thus do not obtain a deeper understanding of which factors
contribute specifically to the creation of IS (before its development). Moreover, the
highly embedded character of IS (Boons & Howard-Grenville, 2009) requires more
contextualized research that can uncover the capacity and potential of a specific
(institutional and geographical) context for fostering IS emergence and development
(Mirata, 2004; Boons, et al., 2017).

Likewise, despite of being described in IS literature as laboratories for the
implementation of industrial symbiosis (Cerceau et al., 2014), the emergence and
development of symbiotic linkages in port areas is still scarce. For example, despite
the engagement of the Port of Aalborg with IS since 2011 and the numerous research
activities directed toward IS emergence in Aalborg East port industrial area, few (if
any) symbioses have emerged. Moreover, the IS literature is scarce in studies
addressing port industrial areas’ characteristics and capacities for fostering IS
emergence (see e.g. Cerceau et al., 2014). Empirical studies focus, instead, on
describing lessons from IS-aiming programs (e.g. Park, Park, & Park 2016; Park,
Duque — Hernandez, & Diaz-Posada, 2018) and recently focus has been on gathering
lessons from on-going projects and processes (Wang, Deutz, & Chen, 2017) with the
aim of feeding the results back into local processes.
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The initiation of Environment™ in Aalborg East port industrial area (Miljo™", 2020),
aiming at fostering and promoting IS emergence provides an optimal possibility to
follow an IS emergence process and collect first-hand insights into such a process.
This permits identification of specific characteristics of IS emergence and factors that
enable the coming about of symbiotic relationships within port industrial areas. At the
same time, the insights gathered from the ongoing process permit identification of
specific characteristics and capacities of the Aalborg East port industrial area for
fostering IS. Gathering insights in both specific characteristics of the IS emergence
process and contextual capacities characterizing Aalborg East port industrial area can
shed light on the capacities that need to be fostered for further IS emergence processes.

Thus, based on challenges with IS initiation in Aalborg East port industrial area, the
possibilities that Environment'™ initiative presents, and the gaps identified within IS
literature pointing at the need for a deeper understanding of IS emergence, the
following research question is raised to guide the present research:

How can industrial symbiosis emerge and what factors can facilitate the industrial
symbiosis emergence in Aalborg East port industrial area?

By answering the research question, it is sought both to enrich the scientific
understanding of the IS emergence by providing deeper insights into factors and
contextual characteristics that port industrial areas present for facilitating IS
emergence, and to inform the practice in Aalborg East port industrial area and other
port contexts. Pursuing both a conceptualization of IS emergence and providing inputs
to practice, the present research seeks to generate both scientifically rigorous and
actionable knowledge, i.e. knowledge useful to both academia and practice (Adler &
Shani, 2001). The intention of the research is to develop theoretically based
knowledge that provides solutions to the immediate real-world challenges with IS
emergence in port industrial arecas. The focus is thus both 1)on extending the
boundaries of scholars’ understanding of the coming about of symbiotic relationships
and thus creating knowledge for informing the theory and developing deeper
theoretical insights into the IS emergence process; and on 2) knowledge utilization
i.e. bringing support to practitioners in their quest for IS emergence in Aalborg East
port industrial area.

Revolving around the IS emergence process in Aalborg East port industrial area as a
primary case, an embedded case strategy is applied. Rooted in the challenge of having
IS emerge at the Aalborg East port industrial area and aiming at contributing to the IS
research field, an engaged scholarship approach to research (Van de Ven, 2007) is
applied. This facilitates the interplay and the dilemma of connecting theory to practice
by, on one hand, analyzing IS emergence empirically through application of a case
study-based research strategy on contemporary contexts (generating in this way initial
theoretical thoughts on IS emergence) and, on the other hand, uses theory to shape
empirical studies and address practice possibilities when supporting IS emergence.
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Port industrial areas are the context of this research. These refer to the industrial areas
that port perimeters and their hinterland (i.e. area in port vicinity and proximity)
accommodate. Such areas do not only accommodate a large spectrum of industries
and organizations but are also logistical hubs and possess various pools of resources.
Ports engage with sustainable development of their hinterlands to produce growth
within these in a (economically, environmentally, and socially) responsible manner.

Industrial symbiosis refers, within this thesis, to the physical inter-firm symbiotic
linkages that rely on flows of knowledge, material, and liquids. IS emergence is then
the coming about of symbiotic linkages understood and conceptualized in this thesis
as the collaborative process among various actors across sectors who engage in
collective efforts of establishing inter-firm symbiotic linkages (from which these can
develop into IS networks or terminate). Conceptualizing IS emergence this way
relates to the concept of a “gestation period” (Van de Ven, Polley, Garud &
Venkataraman, 1999, p. 23) and the process that occurs before any bi-lateral
synergistic relation is formed (Sun et al., 2017).

Facilitating factors relate to factors that make IS emergence processes possible and/or
easier (Cambridge Dictionary, 2019) by enabling, encouraging, supporting,
stimulating, and advancing it. Within this thesis, these relate to the (geographical and
institutional) contextual characteristics and capacities that port industrial areas
present, the actors involved in the process of IS emergence, their (individual and
organizational) capacities and roles, and the institutional capacity available in port
industrial areas in the form of shared knowledge and frames of reference, relations
among actors, the mobilization capacity expressed through the existence of a
facilitative entity and process, and specific IS-aiming initiatives and programs that
can activate the existing capacity and build it for further IS emergence. Facilitative
factors are used interchangeably with enabling and/or fostering factors.

1.1 THESIS’ LOGIC AND STRUCTURE

This thesis builds on the research conducted and described in the four academic
articles developed along the PhD project and supplemented by the deep insights from
real-time [S-aiming initiative Environment™. Two parts constitute the structure of
this thesis as presented in Table 1.

26



Part 1

Part2

Table 1: Thesis structure.

Introduction
1. Introduction
Setting the research scene

2. Contexts, challenges, gaps and research questions
3. Theoretical framework
4. Methodological reflections
Research findings and discussion
5. Conceptualizing of industrial symbiosis emergence: Process and facilitative factors
6. Empirical insights from industrial symbiosis emergence within ‘Sustainable Synergies’ project
in Aalborg East port industrial area
7. Initial conditions for industrial symbiosis emergence
8. Developing a deeper understanding of industrial symbiosis emergence
Conclusion

9. Conclusion

Part 1 focuses on setting the practice and academic scene for the research undertaken.
It includes a section presenting the engagement of modern ports and the Port of
Aalborg with industrial symbiosis and describes the challenges and opportunities that
exist at the Aalborg East port industrial area regarding IS emergence. Moreover, it
includes a state-of-the-art review of the IS literature, and theoretical perspectives on
institutional capacity which provide the theoretical framework for this research. A
presentation of the research design and methodological reflections on both doing
research and being a researcher follows.

Part 2 is the synthesis of research findings, which includes a compilation of articles
developed along the PhD project carefully knitted together with and discussed against
empirical insights from the IS emergence process in Aalborg East port industrial area
to form the logic story this thesis seeks to present.

Chapter 5 introduces an initial conceptualization of IS emergence as developed by
Mortensen and Kernev (cf. 2019 #1). The authors develop an IS emergence
conceptual model presenting IS emergence as a social and dynamic process with three
sub-phases enabled by specific factors found to be critical for the process. This
conceptualization is then supplemented by another approach to IS emergence
developed by Schliiter et al. (cf. 2020 #4), which explores the influence and
interconnectedness between existing symbiotic linkages and the emergence of new
ones. Schliiter et al. (cf. 2020 #4) makes use of the analogy to biologic processes of
reproduction to develop a new conceptual model describing possible paths for IS
emergence. The existing symbiotic linkages are found to be important contextual
factors that could encourage emergence of new ones through different reproductive
dynamics. Such dynamics provide a new understanding of the IS emergence process
and complement the initial understanding developed by Mortensen and Kernev (cf.
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2019 #1). Hence, contributing to a richer conceptualization of IS emergence process
and deeper insights in the factors that can facilitate it.

Chapter 6 takes an empirical approach to IS emergence through the Sustainable
Synergies project, a sub-project to Environment™ initiative in Aalborg East port
industrial area, and applies the initial conceptualization developed by Mortensen and
Kornov (cf. 2019 #1) to analyze the empirical data. The empirical data, collected
through individual and focus group interviews, observations, and document analysis
are in turn used to complement, enrich, and develop further the IS emergence
conceptualization. Additionally, the IS reproduction model developed by Schliiter et
al. (cf. 2020 #4) is then applied to the empirical findings to develop a deeper
understanding of the facilitative and reproductive dynamics, and how these
complement each other.

Chapter 7 deep-dives into the contextual factors that can enable IS emergence in
Aalborg East port industrial area. This chapter focuses on the Aalborg East port
industrial areas’ characteristics and capacity for facilitating IS emergence. Within
such areas, ports play an important role. Within IS emergence in Aalborg East port
industrial area, the Port of Aalborg was one of the two co-founders of the IS-aiming
initiative, Environment™. Understanding the underlying motives for the port’s
engagement in IS emergence as well as the actions it took prior to this, may raise
awareness of specific initial conditions enabling IS emergence in such contexts.
Mortensen et al. (cf. 2020 #2) explored the case of Port of Aalborg and mapped its
environmental evolution, which explains how the port became the catalyzer of the IS
emergence process. This section, therefore, includes this article complemented by a
discussion regarding port characteristics found to be important through observations,
informal discussions, and participation in various meetings during the PhD project.

Having understood the process of IS emergence in Aalborg East port industrial area,
chapter 8 turns the gaze towards other port industrial areas and explores how IS
emerges and what factors enable it. The two-fold aim is 1) to dive deeper into the
understanding of IS emergence in port industrial areas and the factors that can
facilitate it in such contexts; and 2) to provide inspiration to practice in Aalborg East
port industrial area. Mortensen et al. (cf. under review #3) explored IS emergence
within three cases of European port industrial areas and the article is included here. A
discussion section is integrated to put the process of IS emergence in Aalborg East in
perspective with IS emergence process in other port industrial areas.

A conclusion chapter discusses the findings of this research and explains how these
answer the research questions raised. Moreover, it presents the findings’ contribution
to both the field of IS research and the practice of IS emergence in Aalborg East port
industrial area.
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Setting the research scene






2 CONTEXTS, CHALLENGES, GAPS AND
RESEARCH QUESTIONS

As mentioned in the introduction, this thesis addresses and builds on the challenges
and opportunities of IS emergence in practice and in the IS literature. Understanding
first the challenges and existing gaps in both practice and the IS literature help identify
new research possibilities. The challenges, possibilities, and the gaps provide the basis
for this research’s problem formulation and subsequent research aim, objectives, and
design (presented in section 2.3.). Thus, this chapter first introduces the industrial
symbiosis emergence within port industrial areas and focuses on the ports’
engagement with IS. Then it unfolds the challenges and possibilities for facilitating
industrial symbiosis emergence encountered at the practice level in Aalborg East port
industrial area (section 2.1.2.). Furthermore, section 2.2 presents the state-of-the-art
of industrial symbiosis literature, which allows identification of research gaps that are
addressed by this thesis.

2.1 INDUSTRIAL SYMBIOSIS WITHIN PORT INDUSTRIAL
AREAS

Ports and their adjacent industrial areas function as geographical contexts for the study
of industrial symbiosis emergence. A general understanding of ports’ engagement
with IS and the specific challenges and opportunities that exist in regard to the IS
emergence in the port industrial area of Aalborg East is necessary. The following
section examines these aspects, situating this research within the specific practice field
of IS emergence in port industrial areas. First, the engagement of ports with industrial
symbiosis strategies is introduced to situate this research within a broader context.
Then, specific characteristics of the Port of Aalborg and its industrial area in Aalborg
East, the challenges with IS initiation through the years, and opportunities provided
by the Environment™ are presented as the background and motivation for this
research.

2.1.1 Ports’ implication with industrial symbiosis emergence

From gateways for goods and passengers, modern ports have evolved into being
logistical hubs and service centers integrated into globalized supply chains and
continue to evolve towards integrating port-city regions and catalyzing hinterland
development (cf. Mortensen et al, 2020 #2). Current cases from all over the world, as
depicted in the Table 2, portray ports as facilitators of sustainable business
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development. Socio-economically, these can contribute to “the local employment rate,
the development of education and knowledge, the ‘livability’ of the surrounding area,
and the overall relation between the port and the city” (cf. Mortensen et al., 2020, p.
4, #2). Environmentally, ports consider activities supporting environmental
management systems, and engage with facilitation and implementation of industrial
symbiosis and ecosystem initiatives between the port, industries, and the city (cf.
Mortensen et al., 2020 #2). The ports’ engagement with industrial symbiosis marks a
change from a traditional port orientation, as a logistical hub and service operator, to
a wider managerial role within the local community and as a sustainable industrial
system developer (ESPO, 2012; Gjerding & Kringelum, 2018).

Ports as laboratories for IS emergence processes implementation. In this regard,
ports are described as “laboratories for the implementation of industrial ecology”
(Cerceau et al., 2014, p. 2) and given an interesting role in industrial ecology and
circular economy initiatives (Merk, 2013; Cerceau et al., 2014; Mat et al., 2016).
Ports, implementing [S-aiming initiatives, develop resource exchanges and utility
sharing initiatives as symbiotic forms of collaboration among companies leading to
the formation of symbiotic networks and can transform themselves into recycling
hubs, eco-industrial parks, (social, industrial) community managers, or/and systemic
coordinative agents (Merk, 2013; Hollen, van den Bosch, & Volberda, 2015; Gjerding
& Kringelum, 2018). Mat, et al. (2016, p. 373) mentions that such initiatives “allow
(...) to implement new models of [local and regional] development, more
collaborative and more complex,” which can contribute positively to regional socio-
economic growth with considerable environmental gains (Xiao & Lee Lam, 2017).
The ports’ engagement with IS, developing industrial ecosystems at port perimeters
and in the region, can drive port competitiveness and the sustainable development of
the entire port and urban region (Cerceau et al., 2014).

Table 2: Overview of ports implementing IS-aiming initiatives. Sources: Merk (2013);
Cerceau et al. (2014); Mortensen et al. (cf. under review #3); Mortensen et al. (cf.
2020 #2); Mannino. Ninka, Turvani, & Chertow (2015); van Berkel, Fujita,
Hashimoto, & Fujii (2009). This is not an exhaustive list, as numerous other ports
implement such initiatives as a strategy for achieving sustainability, while their efforts
remain unknown to the academia; or might be involved at different degrees in such
processes at their hinterlands or cities’ level (see e.g. LOOP Ports, 2020).
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Continent Ports implementing IS initiatives

Europe Port of Amsterdam (NL)
Port of Zeeland Seaports (NL)
Port of Rotterdam (NL)
Port of Moerdijk (NL)
Port of Antwerp (BE)
Port of Ghent (BE)
Port of Brussels (BE)
Port of Fos-Marseille (FR)
Port of Bristol (UK)
Port of Galicia (ES)
Porto Marghera (IT)
Copenhagen Malmo Port (DK, SE)
Port of Aalborg (DK)

Asia Port of Osaka (Japan)
Port of Kawasaki (Japan)
Port of Kitakyushu (Japan)
Port of Tianjin (China)
Port of Ningbo (China)
Port of Ulsan (Korea)
Port of Map Ta Phut (Thailand)

North America Port of New York/New Jersey (USA)
Port of Long Beach (USA)
Port of Houston (USA)

Africa Port of Jorf Lasfar (Morocco)
Port of Morocco (Morocco)
Port of Bejata (Algeria)

Examining the ports in Table 2, it appears that these differ from one another by
covering various sizes of land area, handling various amounts of goods, having varied
sizes of geographically related clusters of industries and resource flows, and being
integrated with urban areas to different degrees. A review of the literature addressing
port engagement with IS shows that the ports’ various forms of engagement with IS
are shaped by the ports’ characteristics (Merk, 2013; Mat, Cerceau, Lopez-Ferber, &
Junqua, 2017).

Ports’ involvement in urban symbiosis. Examining the literature describing the
ports’ engagement with IS, it can be stated that some ports, such as Port of Rotterdam,
Port of Osaka, Port of Kawasaki, and Port of New York are perceived as merely
metropolitan port regions (Cerceau et al., 2014). Despite that, these also accommodate
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various industries; these ports are integrated in urban areas, while also presenting a
concentration of general cargo, energy flows, and import of goods (Ducruet & Itoh,
2016). Such ports seem to engage with development of urban symbioses rather than
industrial symbioses. These include “technical-material functioning, economic
rationale (e.g. generating new economic activities, improving resource efficiency),
and environmental benefits” (Lenhart, van Vliet, & Mol, 2015, p. 595). An urban
symbiosis, according to Lenhart et al. (2015) differs from an industrial symbiosis in
that it focuses on the entire urban system, not only the port perimeter or its direct
hinterland.

Ports’ involvement in industrial symbiosis. Some other ports, such as Port of
Antwerp, Port of Galicia, Porto Maghera, and the Port of Ulsan can be mostly
characterized as industrial port regions (Cerceau et al., 2014). These are port areas
located close to, but not integrated into, metropolitan areas that accommodate large
industrial (e.g. petro-chemical, manufacturing, etc.) clusters with a variety and
diversity of companies. Such ports can be characterized by a large amount of traffic
and large container terminals, that many times operate along with industrial hubs.
These are often integrated within a dense global supply chain network, as their main
function is to distribute cargo across national and international borders. (Ducruet &
Itoh, 2016) Such ports are prone to engage with industrial symbiosis at different
geographical levels, i.e. symbioses between business organizations at the same
industrial area, between business organizations at the port industrial area and the
businesses organizations outside it but still in the same region, and/or between
business organizations at the port industrial area and business organizations outside
the regional and national borders. For example, Rotterdam created symbioses across
local and regional borders with Port of Antwerp, the Port of Moerdijk and the
Terneuzen region for creating a large, world-leading petro-chemical eco-industrial
system (Cerceau et al., 2014).

Thus, ports continue to function as gateways to goods, as distri-hubs and/or peripheral
hubs (Ducruet & Itoh, 2016), regulators, landlords, and system operators (Gjerding &
Kringelum, 2018). These characteristics present possibilities and opportunities for
ports regarding engagement with IS at different geographical scales.

IS dynamics and rationale within port industrial areas. The engagement of ports
with IS is not only dependent on the specific profile, geographical placement of the
port in relation to urban settlements, and the availability of a critical mass of
companies that are clustered in specific types of industries. This can also depend on
other developments at organizational, local, regional, and national levels regarding IS.
Different motivations and rationales encourage ports to engage with IS. Cerceau et al.
(2014, p. 11) group these reasons into three main rationales: 1) a short-term reaction
to a declared urgent situation; 2) a middle-term strategy of precaution in response to
environmental challenges; and 3) a long-term ambition in order to provoke needed
change.
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For example, in Port of Rotterdam, engagement with IS initiatives was initially a
companies’ response to tighter regulation and environmental issues, and since then, it
developed into the port’s vision, which integrates industrial ecology pro-actively in
the port’s strategy (Cerceau et al., 2014). Lastly, named processes point at a middle-
out approach to IS emergence (Costa & Ferrdo, 2010). Such an approach builds on a
combination of top-down and bottom-up processes with high engagement of various
stakeholders from across sectors, as also used in the case of the Port of Ulsan. Even
though IS implementation was sought through the National Eco-Industrial Park
Development Program, government, industry, researchers, and other stakeholders
where engaged in various activities facilitating IS emergence and development (Park
et al., 2016). The process of IS development in the industrial area of the Port of Jorf
Lasfar in Marocco seem to also have developed through a collaborative middle-out
initiative engaging a multitude of stakeholders for water and energy consumption
optimization (Cerceau et al., 2014).

In North American ports, such as Port of New York the relevance of applying IS to
the port area was evaluated by 70 institutions, prior to it being used as the tool for
reducing contaminant flows within the watershed and a tool to plan for sediment
management (Cerceau et al., 2014). Such an approach points rather at top-down and
planned processes for IS implementation. Also, this approach can be seen at many of
the Asian ports. Especially Chinese port industrial areas play an important role in
implementing the country’s “National Pilot Eco-Industrial Park Program.” Within
the port industrial area of Ningbo, for example, the district authorities promote a
strategy for emission reduction and efficient energy use. (Cerceau et al., 2014) The
same is the case of the Ports of Kawasaki, Osaka, and Kochi (van Berkel et al., 2009).
These were part of the larger Eco-Town program in Japan where local authorities
planned for industrial symbiosis implementation as a strategy for industrial
rejuvenation of harbor areas, for expansion of a cluster of recycling industries at the
port industrial areas, or as a strategy for “a national model for recycling oriented
urban society” (van Berkel et al., 2009, p. 1548).

In the cases of large port industrial areas such as Tianjin in China and Porto Margera
in Italy, large industrial sectors have existed for decades. Such industrial areas have
passed through several restructuration periods and mostly self-organized for industrial
symbioses and transformed into eco-industrial parks ‘“based on opportunistic
exchanges in bilateral relationships” (Mannino et al., 2015, p. 292) and for “economic
cost-savings reasons” (Shi, Chertow, & Song, 2010, p. 198). Later, the eco-industrial
park in Tianjin developed through coordinative and facilitative processes that
activated the existing capacity in the region and also built it further for IS development
(Wang et al., 2017). The purpose of IS application in the Port of Tianjin was
maximization of the energy performance of the area (Cerceau et al., 2014), while in
Porto Maghera, IS initiatives sought a remediation of the environmental damages of
larger industries and diminution of social mis-complacency with these (Mannino et
al., 2015).
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In the case of the Port of Long Beach, for example a Port-to-Port collaboration
initiative based on synergistic relations was triggering the pro-active initiative of six
ports regarding the problem of managing contaminated dredged materials (Cerceau et
al., 2014). Such initiatives point at a pro-active attitude of ports and at a high level of
engagement with IS. Such proactiveness can be found at the Port of Amsterdam and
the former Port of Zealand, now the North Sea Port (Spekkink, 2013; 2015).

Ports seem to engage with IS for different reasons and through different dynamics.
Some initiate IS-aiming projects by themselves and pro-actively engage in IS
emergence and development, while others are participants in IS-aiming programs.
Some are part of self-organized processes, and others are part of facilitative processes
or both. When considering IS emergence within such contexts one may spot the need
for approaching each context separately, considering each context’s characteristics,
motivations, and rationales for IS, as these seem to shape the process and the port’s
engagement with IS. While this overview of ports’ interaction with IS can present
inspiration for facilitation of IS emergence in other port industrial areas, it appears
that processes within one port industrial area may not be the same as in other port
industrial areas. While acknowledging the inspirational role of such examples, a
specific focus on each port’s characteristics, rationales, and motivations appears to be
necessary.

Ports roles within IS emergence processes. The different ways of engaging with IS
can mean that ports play different roles for IS emergence and development.
Examining further the examples of ports from Table 2, it is found that in Port of
Antwerp, for example, the port authority provides funding for synergies, leads various
[S-aiming projects, and mediates among actors (city, companies, and other
institutions) in [S-aiming projects (Cerceau et al., 2014). Such a type of support is also
mentioned by Spekkink (2015) regarding the involvement of the former Zealand Sea
port and now North Sea port. However, while out of the 17 ports studied by Cerceau
et al. (2014), 11 port authorities were found to provide financial support; not all ports
seem to be leading actors for IS emergence and development processes. Some
examples exist where port authorities, of e.g. Port of Long Beach, Port of Moerdijk
and Port of Amsterdam, played facilitative and coordinative roles for IS-aiming
processes. However, in many cases the role of ports and port authorities in IS
emergence and development are not clear as not much evidence exists on these (see
e.g. Park et al., 2016; Shi et al., 2010). As those examples that address the ports roles
in IS emergence processes point at an important leading, coordinative, and facilitative
function, understanding the role that ports can play within similar processes in
different context can be necessary. First, understanding the variety of the roles that
ports can play enriches the understanding of ways through which these can engage
with IS. Identifying the range of roles in different contexts can provide inspiration for
other ports, in other contexts, to engage with such processes. Then, engaging with IS
through playing different roles can be thought to have implications for both the port
and the IS emergence and development. For example, a port leading the processes of
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IS emergence and development is expected to have a larger influence degree on the
course of IS development, than a port that is only supporting the process financially.

To conclude, it appears that ports engage in different ways with IS emergence and
development, and play different roles that allow them various degrees of influence on
these. Furthermore, the ports’ characteristics seam to shape the dynamics of IS
emergence and set the focus on the need of examining each context separately in order
to understand IS emergence and development. As this research is an integrated part of
the process of IS emergence in port industrial area in Aalborg East, it is thus necessary
to focus specifically on both this exact process (implemented by the Environment™
initiative) and the Port of Aalborg’s characteristics and capacities for accommodating
the port industrial area in Aalborg East. Before examining the IS emergence process
in this specific context, it is necessary to have an introduction to both the area and the
challenges and opportunities with IS emergence, as these motivate the present
research.

2.1.2  Industrial symbiosis emergence in the Aalborg East Port
industrial area: Challenges and possibilities

Port of Aalborg, situated in Northern Jutland, Denmark and being a public limited
company with Aalborg Municipality as the only shareholder, is one of the few Danish
ports that pro-actively integrates sustainable development into port strategy and uses
it for port and hinterland development. Anchored in the port’s philosophy from 2009
(cf. Mortensen, et al., 2020 #2) and in its Intelligent Port strategy, the port’s
Sustainability Strategy, and the 2050 Development plan (Port of Aalborg, 2019b),
environment is perceived by the port as a promising competitive growth parameter.
As an inland port, it acknowledges the economic potential that lies in adopting the
strategic use of industrial symbiosis for environmentally and socially responsible
economic development in both the port and the industrial area at its hinterland

Industrial symbiosis application at the Port of Aalborg perimeter and its industrial
areas is expected to create growth through raising the attractiveness of the region and
generate new jobs by sustainably developing the existing companies in the port
industrial area and attracting new ones to the area. Furthermore, the port, by applying
a Triple helix model to collaboration (Etzkovitz, 2011), enters collaborative
relationships across private and public sectors to create symbiosis and sharing
economic platforms. These accommodate initiatives and activities directed to the
increase of the competitive advantage of port and companies at its industrial area.

Out of the five coastal areas that Port of Aalborg sits on, the port industrial area in
Aalborg East is the one where the Port of Aalborg concentrates its port and industrial
activities. This area is considered an industrial park with great potential for economic
and environmental development. As pictured in Figure 1, it accommodates more than
100 companies (Port of Aalborg, 2019a) at the port perimeter and more than 150
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companies at its direct hinterland, i.e. port’s immediate vicinity (Erhvervsnetverket
9220, 2020). These present a combination of large, medium , and small companies
(conform the EU definition of these [EC, 2003]), active within a variety of sectors
organized in several industrial clusters such as cargo, logistics, services, waste
management, green energy, wind power, agriculture, metal, food processing, and
cement.
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Figure 1: Aalborg East port industrial area. Courtesy to Port of Aalborg.

This port industrial area has been a subject for [S-aiming initiatives since around 2011.
Becoming a co-founder to the Business Network 9220 in 2011, the port-initiated
collaborations with Aalborg Municipality and the Network for Sustainable Business
Development in Northern Jutland (NBEN) aiming at facilitating IS emergence in port
industrial area in Aalborg East. From 2013 to 2015, a national Green Industrial
Symbiosis program unrolled in which Business Network 9220, the port, and the
NBEN network collaborated closely for the initiation of symbiotic relations among
the business organizations in the area. Networking events, workshops, and site-visits
were organized and continuous meetings among actors from various sectors were held
by the Business Network 9220 at the port’s initiative and involvement and in
collaboration with other actors (Schliiter & Milani, 2018).

During this period, the port entered into symbiotic collaborations with companies in
the port industrial area. One of these is the synergy between the port and Aalborg
Portland, a cement manufacturer. Port of Aalborg provides dredged sand from
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periodic cleansing of the sailing path in the Limfjord to Aalborg Portland, which uses
it in cement production (Schliiter & Milani, 2018)

Researchers and students from Aalborg University were likewise engaged in
uncovering the possibilities for the initiation of industrial symbiosis relations in the
port industrial area in Aalborg East. Research activities were initiated examining
enablers and barriers for IS emergence and the potential of the port industrial area for
fostering IS emergence with the aim of identifying ways and mechanisms through
which IS could become a reality. Almasi, Soque, Strandgaard, and Sacchi (2011), for
instance, focused on examining the potentials and barriers for IS emergence and
development in Aalborg. Examining the way the Kalundborg symbiosis functioned,
the authors distinguished between a physical, an organizational, and a social
dimension of IS. Applying the same way of emergence to the port industrial area in
Aalborg East, they found physical and technical potentials, while IS emergence was
challenged by social and organizational factors. The authors recommend the
establishment of a common communication platform and frequent social interactions
among companies, among others, that could foster willingness to join IS and provide
access to information. The Business Network 9220 and the NBEN seem to provide
these kinds of platforms where their members were involved in the different
workshops and networking events.

Then, Madsen et al. (2015) focused on identifying drivers and barriers for IS initiation
in Aalborg East industrial area and on developing guidelines for companies to enter
symbiotic linkages. They find that among the factors that can enable IS emergence
and development are facilitative programs and the presence of a facilitator can guide
the flow of knowledge and information needed for initiating IS relationships. The
authors also mention trust as important for enabling IS emergence: The trust among
the companies and the trust between companies and the facilitator.

Initial research at master’s level continued to uncover IS possibilities in the port
industrial area in Aalborg East and a focus was shifted to the ways to facilitate IS
initiation. Examples from other port areas are presented to Port of Aalborg to provide
inspiration for how to engage with IS emergence. For instance, Mortensen (2016),
exploring the IS emergence in the Port of Rotterdam industrial area presents the
stakeholder engagement and the need for a multitude of interactions among various
actors as important mechanisms for IS initiation. Exploring further how various actors
could be involved in the environmental processes that can enable IS emergence in the
industrial area in Aalborg East, the study proposes a stakeholder engagement model
that could benefit the processes of IS emergence. Furthermore, Milani, Schell, &
Schliiter (2017), exploring the case of Port of Amsterdam, referred to industrial
symbiosis development in the port industrial area in Aalborg East. The authors,
supporting the findings of Almasi et al. (2011), find that shared platforms for
information and knowledge exchange, together with networking events for
relationship formation can function as mechanisms for organizational and social
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proximity formation. However, instead of pointing at business networks as providing
such platforms, the authors point at the Port of Aalborg as one of the various actors
that could provide a shared platform for development of symbiotic relations among
companies.

The study by Roesen, Troelsen, Vinde, and Jensen (2016) seems to complement
Milani et al. (2017) and Mortensen (2016). Their study explored the possibilities of
Port of Aalborg facilitating industrial symbiosis at the port industrial area in Aalborg
East by making use of discourses. The authors propose that facilitation should engage
a multitude of actors, especially companies, in identifying issues to be addressed.
Furthermore, the authors point at different ways that the Port of Aalborg can engage
with facilitating IS emergence, such as being itself a facilitator or letting a third party
facilitate and “participate in the facilitation process on equal terms as other
participating actors” (Roesen et al., 2016, p. 38).

Despite the fruitful research results, the port’s own experiences with IS, and the many
meetings, workshops, and site-visits, IS seemed to be slow to emerge in the port
industrial area of Aalborg East. A representative of the port mentioned the following
at one of the meetings:

“We needed more knowledge on how to do it. It seems that we have a wrong approach
to IS emergence. People and companies are positive, but nobody takes initiative to
enter IS. We decided therefore to stop [facilitating IS emergence].”

(Meeting notes, 2016)

A deeper understanding of the IS emergence process, its characteristics, and the
‘ingredients’ as factors that could lead to IS emergence was needed. With the
implementation of the Environment™ initiative, where the focus was set on
sustainable business development through an industrial symbiosis strategy, a
possibility for approaching existing challenges with IS emergence and learning from
ongoing processes appeared.

Environment* is a strategic initiative created in collaboration with The Danish Center
for Environmental Assessment (DCEA) at Aalborg University (AAU) with a pre-start
period in 2016 and official start in January 2017. Launching this initiative, Port of
Aalborg and DCEA aim to transform environmental awareness and management into
a sustainable development parameter that has potential to be one of the decisive
factors for competitiveness in retaining and attracting companies and new jobs at the
port perimeter and its industrial area. The objective is to transform the port industrial
area in Aalborg East into an incubator and “a /iving lab” (Port of Aalborg, 2017, p.
14) for sustainable solutions and environmentally sound business models based on
industrial symbiosis. The goal is that companies’ competitive advantage raises when
entering symbiotic relationships, through cost savings, transforming waste into
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resources, and/or innovation application through developing new products, services,
and markets. (Milje*™™", 2020)

Environment™ takes a broader perspective on coordinating IS emergence and engages
a multitude of actors in various processes that aim at 1) activating and building a
fruitful context for IS emergence and IS initiation, and 2) initiating and developing
industrial symbioses among companies in the port industrial area. The initiative
focuses, as also represented in Figure 2, on four strategic areas.

Facts box Environment™ focuses on four strategic areas:

» Frameworks for supporting sustainable business

M i l j Q++ development

+ Strategic and pro-active stakeholder engagement

« Developing attractive environments for development
of green business models

« Platforms for attracting companies through symbioses
and resource optimization

Figure 2: Strategic areas of Environment**, based on Miljg** (2020)

Environment™ is the framework that accommodates several other initiatives and

projects presented in Figure 3 on the next page. As it can be seen in the figure 3 the
initiative accommodated until now two sub-projects besides the present PhD project:
RUM project and Sustainable Synergies. While RUM project is out of the scope of
this research, Sustainable Synergies is included and forms the research subject
described in chapter 6.
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(2016-2020)
RUM

(2018)
PhD

(2017-2019)

Sustainable
Synergies

(2018-2020)

Figure 3: Environment++ and its sub-projects. Developed by the author.

Environment™, with its sub-projects and initiatives, especially the Sustainable
Synergies project, which aimed at initiating industrial symbioses among companies
in the port industrial area, offered the possibility for following IS emergence in the
real-life context of Aalborg East port industrial area. Using this, learning about how
IS can emerge and the factors that can facilitate the IS emergence within this context
was possible.

Thus, Environment™ provided the possibility for an industrial PhD project where an
applied and contextualized research approach was taken towards studying the IS
emergence and “ingredients” facilitating it in port industrial area in Aalborg East. The
challenges with IS emergence before Environment™ encouraged the focus of this
research. Moreover, the unfolding of Environment™ initiative and its sub-project
Sustainable Synergies provided a unique possibility to follow the real-time processes
leading to IS emergence. Learning from first-hand experiences and contributing to
elucidating how IS emerges and what factors can contribute at its emergence in
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Aalborg East port industrial area was of crucial importance to the actors involved
with IS emergence in Aalborg East and became the questions leading my research.

2.2 EMERGENCE OF INDUSTRIAL SYMBIOSIS: IDENTIFYING
THE GAPS

As presented in the previous section 2.1, IS is widely adopted as a strategy for port
industrial areas’ development around the world and in Aalborg East. Ports engage
with IS in various ways and various IS dynamics are implemented at port industrial
areas. In the port industrial area in Aalborg East, however, despite the pro-activeness
of various actors in the region, the Port of Aalborg’s engagement with IS since
decades ago, and the development of a large body of research, the creation of
symbiotic relationships seems to be challenging in practice. The questions raised by
the challenges and opportunities provided by Environment™ and its sub-projects—
how IS emerges and what contributes to its emergence—seem to be a continuous
subject of interest for researchers in the field. A rich body of research over the past
several decades has addressed subjects including IS evolutionary phases, IS dynamics,
key determinants, and enablers of IS. Research presents experiences with IS-aiming
initiatives in various contexts (see e.g. Park et al., 2016; Park et al., 2018) and
considers ways of learning how to improve the IS development from such initiatives
(Wang et al., 2017). The following sections highlight the state-of-the-art within the IS
literature, identifying the research aspects that need more attention and presenting the
research questions guiding this research.

2.2.1 Dynamics of industrial symbioses’ emergence

Ehrenfeld (2009) defines IS emergence as the process of coming about with new,
dynamic, evolving, and adaptive industrial system properties, formed by the desires
and good will of the system components: human actors and context. Such an
interpretation is shared by the researchers raising focus on understanding IS
emergence as a social collaborative process (Boons et al., 2014; Wang et al., 2017)
that can lead to formation of symbiotic inter-firm linkages. Conceptualizing IS as a
social process implies the consideration of IS evolution through emergence,
development, and decline phases (Boons et al., 2014). While there is agreement among
IS scholars concerning the phasic evolution of IS, the definitions of IS emergence are
varied, as is the understanding of boundaries and characteristics.

For instance, Doménech & Davies (2011) describe IS emergence as the phase that
“sets the basis of the dynamics of cooperation” (p. 288) occurring through self-
organized or facilitated processes before a probation phase that accumulates the
feedback from initial IS experiences and that encourage further developments and IS
network expansion or its termination. Building on theoretical perspectives presented
by Boons & Berends (2001) and Baas & Boons (2004), Chertow (2007) argues that
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symbiotic linkages emerge through an initial period of self-organization, followed by
a “period of sustaining interfirm exchange, including some new entrants and some
die-offs” (p.24) before symbiotic linkages are uncovered by a third party and “choices
concerning efforts to coordinate and attract additional symbioses’ are made.” (p.24)

Chertow & Ehrenfeld (2012) propose IS emergence through sprouting and uncovering
phases where firms explore opportunities for new linkages from previous and future
possibilities along the supply chain, until they are recognized by a third party. Then
they move into an institutionalization and embeddedness phase, where structures and
institutions aiming at IS initiation form. Paquin & Howard-Grenville (2012, p. 87),
refer to the IS network evolution, and describe network emergence as going through
a “pre-network development” phase, which embraces activities/processes through
which actors learn of IS and its benefits and learn about their potential partners. Then
this phase is followed by the “earlier network development” phase, where partners
connect to each other and new symbiotic linkages can be born. Following these two
phases, comes the “later network development” phase, where “hands-on selection of
particular IS opportunities and participants” takes place.

While this body of research provides common ground for understanding IS evolution,
it remains unclear about IS emergence, as it is based on different empirical cases
where IS evolution unfolds through different dynamics. Some refer thus to self-
organization of firms into symbiotic relations, while others refer to a third party
facilitating symbiotic relations and middle-out processes. Some refer to bilateral
linkages and some to the symbiotic network formation. This disparate understanding
of IS emergence, based on multiple cases, challenges the common ground among IS
researchers when defining IS emergence. This, in its turn can challenge practice when
engaging with IS emergence, as no clear understanding of IS emergence exists.
Development of a common conceptualization of IS emergence could facilitate a better
understanding of this specific phase as different from IS development and its
termination, which can facilitate its initiation in practice.

Boons et al. (2017) try to solve this problem of equivalence among the different
empirical cases by proposing seven dynamics leading to IS emergence and
development: self-organization, organizational boundary change, facilitation by
brokerage, facilitation by collective learning, pilot facilitation, governmental
planning, and eco-cluster development. Sun et al. (2017) identify an eighth dynamic,
anchoring, which is perceived as a convergence between the self-organization and
facilitation dynamics proposed by Boons et al. (2017). Anchoring emphasizes the
importance of events, actions, and specific activities taken by various (individual,
organizational, or networked) actors in a specific context to support IS emergence and
development. The research on IS dynamics raised focus on the processes,
mechanisms, and approaches to IS emergence and development in specific contexts.
Furthermore, these encouraged researchers to consider initial contextual conditions
for a better understanding of mechanisms that can lead to symbiotic linkage
emergence and network formation.
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The necessity of considering contextual characteristics to understand mechanisms
through which IS emerges is expressed by the presence of a large body of
contextualized research encompassing a multitude of examples. For example, Park et
al. (2018) provide a description of a pilot program in Colombia in which, through a
specific program and workshops with a multitude of actors, multiple symbiotic
linkages were identified and an emerging IS network was forming. Park et al. (2016)
provide insights from the Korean government-initiated facilitation model of IS
emergence and development. Costa and Ferrdo (2010) argue for a middle-out
approach, where IS is encouraged through a combination of top-down and bottom-up’
processes. Mirata and Emtairah (2005) provide insights from Landskrona industrial
process based on networking. Mirata (2004) provides insights from facilitative inputs
during the first stages of NISP program in the UK through a brokerage approach.
Cutaia et al. (2015) provide a platforming model for facilitating IS emergence and
development in Italy. While these examples contribute to the academic field of IS by
presenting examples of the various IS dynamics, they also provide inspiration to the
practice in other contexts.

2.2.2  Factors enabling industrial symbiosis emergence

IS literature refers to multiple (contextual) factors that can enable IS emergence.
Referring to the enablers for IS emergence and development through various IS
dynamics, Boons et al. (2017) do not distinguish the factors specific only for IS
emergence. Instead, they argue that “it is possible to identify conditions that are
generally more or less favorable to most of these” (Boons et al., 2017, p. 9). They
summarize these into four groups of factors: technical, economic, geospatial, and
social/institutional conditions, while Mirata (2005) adds political, informational,
human, and organizational to these. Park et al. (2018) complement these groups and
adopt the same grouping as Boons et al. (2017) with a differentiation between the
social and institutional factors. Velenturf (2016) maps the factors affecting IS
emergence and development and proposes the concept of “proximity” for
classification of these into several groups: geographical proximity, organizational
proximity, social proximity, institutional proximity, and cognitive proximity. Yap and
Devlin (2017) complements these by arguing for the importance of a favorable
institutional context. Thus, several groups of factors can be perceived as enablers for
IS emergence: geospatial factors, technical factors, economic factors, human and
organizational factors, informational factors, institutional factors, and social factors

Such factors are observed to refer to both IS emergence and development, with unclear
distinction among these. A few cases (e.g. Doménech & Davies, 2011; Yap & Devlin,
2017) seem to refer specifically to the initial phase of IS emergence and identify

I “Top-down’ referring to the high engagement of a facilitation team and its coordination of the
process. ‘Bottom-up’ refers to the freedom of engagement that each actor had during the
process, without being steered by the facilitation team.
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factors that could influence it. However, even within these studies, t