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a b s t r a c t

Industrial symbiosis is increasingly acknowledged as a strategic tool for the realization of industrial

ecology and implementation of circular economy. Recently, industrial symbiosis literature was enriched

with views and discussions on dynamics, focusing on the process and dynamic character of industrial

symbiosis development. However, little attention is given specifically to the emergence of industrial

symbiosis, in contrast to its development. In addition, no holistic picture exists envisioning the process

through which initial ties come about and the critical factors fuelling this process. The aim of this paper is

to set focus on and promote a better understanding of industrial symbiosis emergence as the earliest

phase of its development. This study explores two aspects of the industrial symbiosis emergence: the

process through which initial ties emerge and the critical factors influencing the transition between

phases in the process. Based on an in-depth and systematic review of the existing empirically-based

literature and by using a rigorous and iterative content analysis, three key (iterative)phases are identi-

fied: 1) awareness and interest in industrial symbiosis, 2) reaching out and exploration of (connections,

and 3) organizing. Furthermore, five groups of critical factors (contextual conditions, actors, actors' roles,

actors' characteristics, and actors’ activities) are identified to influence the emergence process in

different degrees at different times in the process.

© 2018 Elsevier Ltd. All rights reserved.
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1. Introduction

As plants grow from seeds planted in a soil with complex soil

processes among different agents (e.g. sun, energy, and water) and

other existing environmental factors, industrial symbiosis (IS)

emerges likewise through complex dynamic processes among a

multitude of critical factors, before evolving over time and space.

Inspired by the biological mutualistic relationships (Boucher,

1985; Bronstein, 2001), industrial symbiosis reflects symbiotic

connections among traditionally unconnected organizations. These

are based on resources (material, energy, water, etc.) exchange,

transaction or sharing (References). IS is acknowledged as being

able to reduce the industrial material and energy loss (Domenech,

n.d.), increase businesses' economic performance (Verguts et al.,

2016), improve the ecological footprints of industrial processes

(Boons et al., 2017), and foster eco-innovation (Lombardi and

Laybourn, 2012), creating added value for the actors involved

(Domenech, n.d.). At EU level, IS has been recognized as a means to

implement circular economy (EU Commission, 2011, 2014; Horizon,

2020, 2015) and in 2012 was noted as being ‘one of the top priority

areas’ by the European Resource Efficiency Platform (EREP, 2014)

triggering in this way the transition toward sustainable business

development.

One of the most cited examples of an IS network is Kalundborg

eco-industrial park in Denmark. However, examples can be found

all over the world. A classic example from the Aalborg region in

Denmark is, for example, the cement company Aalborg Portland

delivering chalk slurry to the North Jutland power plant, which is

used in the flue gas cleaning and returned as gypsum (NBEN, 2016;

Sacchi and Ramsheva, 2017). Such successful examples are difficult

to duplicate: A deep understanding of the processes through which

IS emerges and the factors that trigger these processes is needed.

Recently, Boons et al. (2017) have conducted process-oriented

research presenting dynamics through which IS comes about. Sun

et al. (2017) continue this line of thought and add to the dy-

namics discussion. However, these studies identify common pat-

terns of IS development without having a specific focus on the

initial emergence of ties. The abundant literature on drivers, bar-

riers, challenges, and enablers influencing IS development in gen-

eral do not specifically focus on the emergence of initial synergistic

ties but focus generally on IS development after the initial syner-

gistic ties are created (Walls and Paquin, 2015; Yu et al., 2014a).

Furthermore, there is a need to define the emergence of IS in

contrast to its development and further evolution, as many of the

existing studies address the phases of IS development and explore

their boundaries, structures, and characteristics without systematic

attention to the specific initial phase (Chertow, 2007; Dom�enech

and Davis, 2011; Chertow and Ehrenfeld, 2012; Paquin and

Howard-Grenville, 2012). As the transition to sustainable business

development calls for a deliberate and intentional ‘planning’ of new

sustainable businesses based on IS models, a deeper understanding

of the specific phase of emergence can help facilitation and initia-

tion of more IS networks.

- This paper aims to fill this gap identified in the literature and

makes the following contributions: It focuses on the initial

phase of creating synergistic ties.

- It draws the boundaries of the emergence phase, defines its

process, and builds a conceptual model incorporating pre-

emergence, emergence, and post-emergence of IS.

- It identifies critical factors specific for this initial phase.

This paper is the first to focus precisely on and provide a defi-

nition of the specific phase of emergence. This kind of focus is novel

in the IS literature and is therefore an important contribution.

Furthermore, by using a systematic literature review, this study not

only takes stock of the evolution of IS literature, it also uses the

empirical knowledge that has been produced over the years to

move the IS field further towards a deeper understanding of the

emergence process and critical factors triggering it. The paper is

thus original in its way of encouraging a new theoretical under-

standing of the emergence process of initial synergistic ties.

2. Industrial symbiosis emergence process: A conceptual

framework

2.1. Defining industrial symbiosis emergence boundaries

Questioning the boundaries of IS emergence, inspiration can be

taken from terminology referring to IS processes and the literature

on plant germination in biology. Within IS literature, processes

through which IS occurs are explored, and different phases of IS

evolution are proposed. Chertow (2007), building on the theoretical

perspectives of Boons and Berends (2001) and Baas and Boons

(2004), explores the emergence of industrial symbiotic exchanges

and proposes that a ‘period of initial self-organization’ occurs as the

initial phase of IS coming about, before IS discovery. Chertow and

Ehrenfeld (2012) stress the serendipitous (self-organizing) mech-

anisms leading to the sprouting phase of IS ties. Paquin and

Howard-Grenville (2012) mention the ‘pre-network development’

through intentional interventions aiming at platform creation for

the subsequent ‘early network development’ phase. All these

phases are based on specific processes of coming about (i.e., self-

organizing or facilitation). Dom�enech and Davis (2011, p. 288) use

L. Mortensen, L. Kørnøv / Journal of Cleaner Production 212 (2019) 56e69 57



the term ‘emergence phase’ to describe the initial phase of IS

coming about. They define IS emergence as the initial phase of IS

evolution, which occurs before it is established and developed and

where ‘initial ties are developed and some straightforward coop-

eration opportunities [are] explored’. In defining the emergence of

initial ties, Spekkink and Boons (2016, p. 613) refer to the phase

‘before the start of a [synergistic] collaborative process’, which is

before the establishment of any bilateral connections, or ‘collabo-

rations’. Initial ties emerge from the unexploited potentials of

resource flows, which exist in every local context. Initial conditions

and antecedents must also be in place. However, these can be

created through the collaborative process before the establishment

of any synergistic ties (Boons et al., 2017; Spekkink and Boons,

2016).

Inspired by biological terminology related to the emergence of

plants, two main phases can be identified: pre-emergence and

emergence. Pre-emergence, or germination, ‘means that the seed is

physically active, and the embryo is undergoing mitosis to produce

a shoot and/or root’, and emergence ‘refers to the appearance of a

shoot above the soil or a root from the seed’ (Booth et al., 2003, p.

95). Thus, the plant's pre-emergence supposes the presence of a

seed and specific soil factors, agents, and resource flows creating

the possibilities for the seed's germination. The plant's emergence

supposes the process of interaction among different factors and

agents leading to the plant's sprouting above the ground. This

moment can signal a post-emergence, where the plant grows and

develops. Biologically, the post-emergence phase, or establishment,

‘is generally considered to occur once a seedling no longer depends

on seed reserves …. , i.e. it is photosynthetically independent’

(Booth et al., 2003, p. 95).

Building on IS literature and the biological terminology, we can

thus identify an initial phase of the creation of synergistic ties that

we call industrial symbiosis emergence. We define this phase as a

dynamic process between pre-emergence (i.e. the existing initial

conditions and antecedents and unexploited potentials for syner-

gistic ties) and a post-emergence process (i.e., formal establishment

of collaborative synergies, physical implementation, and the start of

the IS network development). The IS emergence phase is thus

defined by the authors as: the dynamic (social) process between pre-

emergence and post-emergence phases, i.e., building on existing spe-

cific factors, agents, and unexploited potentials for synergistic ties, and

aiming to establish synergistic relations between at least two

organizations.

2.2. Determining industrial symbiosis emergence process

Spekkink and Boons (2016) indicate that within such an initial

phase, many sequences of events occur (self-organized or coordi-

nated) and later constitute ‘the building blocks’ of initial symbiotic

ties. A multitude of actors are engaged in projects, where common

issues, themes and subjects could be addressed in an institutional

capacity development process (i.e., knowledge, relational and

mobilization capacity creation) (Spekkink, 2013, 2015). Thus,

paving the way for the establishment of new IS ties.

The process-oriented approach introduced by Boons et al. (2017)

proposes seven IS dynamics that unfold through a specific order of

event sequences: self-organization, organizational boundary

change, facilitation-brokerage, facilitation-collective learning, pilot

facilitation and dissemination, governmental planning, and eco-

cluster development. Sun et al. (2017) identify an eighth dy-

namic: anchoring. Here, a collaborative process unfolds, engaging a

multitude of actors, and a large palette of events and activities for

increasing actors' capacities take place. This can be considered a

convergence between the self-organization dynamic and the

facilitated one proposed by Boons et al. (2017). These IS dynamics

refer to the IS development in general, including the emergence

phase as addressed in this article. The IS dynamics proposed by

Boons et al. (2017) and Sun et al. (2017) are based on (common)

typical sequences of events unfolding in the IS development pro-

cess in different contexts. A closer look at these helped us identify

only the events characterizing the initial phase: IS emergence. First,

we identified patterns and coded the events in six event groups, as

seen in Table 1. Then, the activities relating to a firm's integration

into its geographical and market location were labelled as pre-

emergence events, characterized through the identification of

initial conditions and antecedents addressing the unexplored po-

tentials for IS. Furthermore, it was observed that all event se-

quences tend to end with the ‘contract - closed’ activities. We

interpret this as representing the end of the emergence phase and

the start of a post-emergence one, where IS network creation and

development occur. Lastly, events such as ‘generating and raising

awareness and interest in IS benefits’, ‘partner search’, and ‘orga-

nizing for initial ties’ are in between pre- and post-emergence

events. This observation encouraged us to define the events tak-

ing place in the emergence phase, defined in this article as follows:

a) events generating, raising, and/or presenting awareness and in-

terest; b) reaching out events; c) exploration of connections events;

d) events for organizing and final decision-making.

In considering these events further and connecting them to the

extant literature, we conclude that the actors involved in the IS

emergence process pass through a number of sub-processes:

1. Awareness of and interest in IS and its benefits are created

through anchoring and institutional capacity-building activities

(Boons et al., 2017; Sun et al., 2017).

2. Reaching out for IS potentials occurs through a strategic appli-

ance of IS for regional development (Baas and Boons, 2004),

where the concept of IS is translated into the local context and

multiple stakeholders are engaged to explore new industrial

possibilities and symbiotic connections (Boons and Spekkink,

2012).

3. Organization of new relations and a definition of rules occurs,

potentially leading to formal agreements and contracts.

2.3. Building the conceptual model of industrial symbiosis

emergence

In summing up the above definition of IS emergence boundaries

and the determination of its process (sections 2.1 and 2.2), we can

thus define the IS emergence phase as: the dynamic (social) process

between pre-emergence and post-emergence phases, where actors are

engaged in processes of building awareness and interest in IS, reaching

out to new possible partners through interactions that encourage the

exploration of new possible connections, and organizing new symbi-

otic ties.

Fig. 1 visualizes this definition and proposes a general concep-

tual model for studying IS emergence process.

The pre-emergence phase (with initial conditions and ante-

cedents, and unexploited potentials of resource flows for IS) and

the post-emergence phase (characterized through the formal

establishment of synergistic ties, the physical implementation of IS,

and the IS development) are out of the scope of this study and are

therefore not considered further. The reason for including them in

the model is to show the position of the emergence phase in

relation to the pre and post phases. In this way, a more precise

definition of the IS emergence phase is achieved.

The three groups of events are visualized as three phases of the

IS emergence process. Notwithstanding the easily assumed chro-

nological order (from ‘awareness and interest in IS’ to ‘reaching out
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and exploration of connections’, to ‘organizing’), these phases are

intentionally not visualized chronologically. This is because the

characterising events do not necessarily occur chronologically, they

can also occur simultaneously or in a different order. As mentioned

by Phaal et al. (2011, p. 218) ‘it can be difficult to define exactly

when an industry begins’ because ‘the process is not linear, …but

instead there are many iterations and interactions between

different factors [and actors]‘. The emergence process of IS, just as it

is presented by Boons et al. (2017) and Sun et al. (2017), is a dy-

namic one supported and fed by the interactions occurring often

simultaneously at different levels leading to the different dynamics.

We fully acknowledge the dynamism of IS emergence and do not

claim a linear reading of the model. Instead, we consider the phases

within the model as complementary steps to IS emergence, and in

the model we represent this dynamism and iterative movement

between and among phases with arrows.

In the following, we describe each phase of the IS emergence

process as perceived by the authors based on the literature

described in sections 2.1 and 2.2.

Acquiring knowledge and acknowledging potentials instead of

challenges and risks can lead to raising awareness and generating

interest in the initiation of new businesses or improvement of a

business' own processes. Then comes the meaning creation. Here,

the idea of a new business potential is born. The possible partners

who can support the new idea can be either known or unknown.

Often, this occurs at the individual or organizational level. We call it

the internal level, since awareness and interest are held only by the

individual or the organization itself (i.e., idea holders). We

acknowledge that the awareness of a new possibility can be born at

the collective level. This can, for example be during network ac-

tivities and conversations or communications between different

actors; or at a third party that can act as a facilitator, coordinator or

broker. The common theme here is that during this phase the idea

stays at its developer(s’) level (individual or organizational) and

does not move outside this boundary; thus, no action is taken.

When idea holders begin to act upon their new idea by sharing it

(e.g., talking about it with actors other than idea holders) or when

actors engage in collaborative processes where common ideas are

studied (e.g., new ties and practical arrangements to support these)

new ideas are explored. Here, the process leaves the internal level

to unfold at an external level (i.e., at a relational, interpersonal, or

inter-organizational level). Here, multiple (simultaneous) activities

Table 1

Events within IS dynamics. Adapted from Boons et al. (2017) and Sun et al. (2017).

Events Event groups

Firm integrates vertically in one location Events generating potentials

Firm is split up into legally separate entities

Actor creates market facilitation mechanism

Firms expect benefits from symbiotic exchanges Events generating, raising, and/or presenting awareness and interest

Local actors engage in collective learning

Anchoring activities provide an important role for IS emergence

Actor aims for regional economic (re)development Reaching out events

Actor pics up IS concept and translates it

Concept is translated to local context

Actor communicates best practices to other clusters

Stakeholders are activated to shape development agenda

Anchoring activities provide an important role for IS emergence

Partner search Exploration of connections events

Actor selects cluster of firms to test concept

Stakeholders are activated to shape development agenda

Symbiotic exchanges are explored as part of agenda

Anchoring activities provide an important role for IS emergence

Actor selects cluster of firms to test concept Events for organizing and final decision-making

Actor evaluates results

Actor develops rules, monitoring, and sanctioning

Contract - closed Establishment events

Fig. 1. Conceptual model for IS emergence process. The three phases are intentionally

not visualized chronologically, as the characterising events do not happen necessarily

chronologically, but rather simultaneously or at different order than chronologically.

The arrows in the model represent the dynamism among the phases.
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and interactions take place, through which institutional capacity is

built and new connections are explored. We call this phase the

‘reaching out and exploration of connections’.

When initial contact to new potential partners is established

through exploration of connections events, business ideas develop,

and the new business models can be formulated. At this point,

feasibility studies for such business models can be calculated. No

formal arrangements, such as contracts, are made at this point and

no physical infrastructural constructions are started. The IS emer-

gence process undergoes the phase we call ‘organizing’, leading to

the establishment phase, which is out of this study's scope.

Having identified the phases within the IS emergence process,

the question becomes: What happens within these phases and

what drives the transition between these? The answer to this

question is found by addressing empirical-based IS literature from

different contexts and identifying the critical factors affecting the IS

emergence process.

3. Methodology

3.1. Defining the scope of the research

The research draws on empirical literature on IS and eco-

industrial parks (EIP), as these concepts are often used inter-

changeably. EIPs are defined as a group of companies collocated at

an industrial site among which IS is practiced (Elabras Veiga and

Magrini, 2009; Ashton and Bain, 2012). The geographical scale of

the empirical studies included spans 16 countries, as pictured in

Table 2.

This article does not consider geographically specific contextual

factors encouraging specific dynamics (Boons et al., 2017) but

instead addresses general/universal critical factors encouraging the

emergence of the very first symbiotic relations that mark the start

of an IS network development. This is done in an attempt to focus

on general parameters that must be considered when intentionally

aiming for IS emergence in specific contexts. However, one must be

aware of the limitations hereof. The model presented is not a

normative one that must be followed literally. It is expected that

when applying the model to a specific geographical context, the

particularity of that specific context will have to be identified and

incorporated in themodel, since this study does not take account of

cultural, political and institutional aspects of each specific context.

Furthermore, this study only included academic literature in the

systematic review; therefore, we might have missed insights and

inputs on critical factors important from the practitioners’ point of

view. These could be incorporated when applying the model to a

specific geographical context.

By exploring the complexity of the IS emergence process and its

critical factors and by proposing a general model, we aim to create a

better theoretical understanding of the IS emergence phase.

Awareness and knowledge of the emergence process and the crit-

ical factors, their properties, characteristics, and the possible (inter)

actions between these could help to make the first informed steps

towards strategic (i.e., intentional) IS network implementation.

3.2. The systematic literature review

Methodologically, the study is based on an in-depth and sys-

tematic review of existing empirically based literature. The overall

aim of the literature review was to create an overview of factors

critical for the phases of the IS emergence process. What we call

‘critical factors’, the IS and EIP literature calls ‘drivers’, ‘challenges’,

enablers', ‘barriers’, etc., and what we identified as the process of IS

emergence is included in the literature under IS ‘development’,

‘evolution’, ‘facilitation’, ‘design’, ‘planning’, etc. Therefore, the

literature search comprised academic peer-reviewed articles in

English concerned with these aspects. All other literature, such as

reports, books, conference proceedings, and open-source articles,

were excluded.

The literature review was carried out in two steps: 1) A pre-

liminary literature review of articles written in the period

2000e2017, and 2) A systematic literature review of articles from

2007 and later.

The reason for choosing firstly the period 2000e2017 was to

create a larger overview over the field of IS and the themes related

to emergence of IS. The use of the year 2000 as a lower limit was

due to it being the year that research concerned with industrial

ecology ‘becamemore established in the field’ (Boons and Howard-

Grenville, 2009, p. 11). The establishment of the International So-

ciety for Industrial Ecology in 2001 and the peer-reviewed journal

Progress in Industrial Ecology in 2004 have set the basis for a

multitude of articles in the field. Limiting the final article selection

for the systematic literature review to 2007e2017 was based on the

preliminary results of the first step, which showed a richer core of

literature based on empirical analysis after 2007 and richer litera-

ture available based on ‘uncovering’ IS, as described by Chertow

(2007).

Step 1: The articles for the systematic literature review were

collected through a search of the Web of Science and Wiley

Online Library database. The original search query codes where

a combination of the aspects in focus describing the critical

factors and IS emergence: drivers, barriers, enablers and chal-

lenges, development, evolution, facilitation and planning,

within literature on industrial symbiosis and eco-industrial

park. Some examples of original search query codes are:

Table 2

Overview of the articles included in the literature review and their geographical

scope.

The Netherlands Boons and Spekkink (2012)

Spekkink (2015)

Spekkink (2013)

Baas (2011)

Denmark Madsen et al. (2015)

Branson (2016)

Valentine (2016)

United Kingdom Velenturf (2016a)

Velenturf (2016b)

Paquin and Howard-Grenville (2012)

Paquin and Howard-Grenville (2013)

Paquin and Howard-Grenville, 2009

Italy Mannino et al. (2015)

Cutaia et al. (2015)

Taddeo et al. (2012)

Portugal Costa and Ferrȃo (2010)

Sweden Baas (2011)

USA Hewes and Lyons (2008)

Ashton (2009)

South Korea Behera et al. (2012)

Park et al. (2016)

China Wang et al., 2016

Yu et al. (2014a)

Ying et al., 2015

Zhu et al., 2014

Wu et al. (2016)

Australia van Beers et al. (2007)

van Beers et al. (2009)

Japan Van Berkel et al., 2009

Thailand Panyathanakun et al. (2013)

Malaysia Sharib and Halog (2017)

India Ashton and Bain (2012)

Brazil Elabras Veiga and Magrini (2009)

Ukraine Hewes and Lyons (2008)

19 cases worldwide Farel et al. (2016)
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‘industrial symbiosis AND enablers’, ‘industrial symbiosis AND

eco-industrial park AND drivers AND barriers’, ‘Industrial sym-

biosis development’, ‘Industrial symbiosis AND planning’, ‘Eco-

industrial park AND development’, ‘Drivers for industrial sym-

biosis development’. After a combination of the results from

multiple topic search queries a list of 295 articles were found

relevant, having some of these terms in their titles, keywords, or

abstracts. These articles have then passed through an iterative

manual review process (i.e., an assessment of abstracts, con-

ceptual content, and citations used) through which 99 relevant

articles were identified.

Step 2: During the second step the 99 articles within the period

2000e2017 were undergoing a new iterative review process.

This time only articles from 2007 and later, based on empirical

data (study cases) worldwide and describing the evolution/

development/implementation of IS within a country or sector

(e.g., forestry, iron) were considered. Following these inclusion

criteria, a list of 33 articles was identified as relevant and formed

the final body of articles for the literature review. The Table 2

provides an overview of the articles included and their

geographical scope.

3.3. Data collection and analysis

The academic articles selected were reviewed using a rigorous

and iterative manual process for data collection and content anal-

ysis as described by Elo and Kyng€as (2008). The aim of the data

collection and content analysis was to identify specific factors

critical for the phases of the IS emergence process.

The data collection and analysis involved the following steps:

1. Preparation phase. Pieces of text presenting critical factors

referring to specific phases in the conceptual model of IS

emergence were retrieved as quotes and later served as ‘units of

analysis’. In this process, only data that referred to the phases in

the model were selected.

2. Open coding. Specific notes and headings on the critical factor(s)

presented in the text and the specific phase of the IS emergence

process it belonged to were added to each piece of text. The

headings and notes were then collected and grouped into pre-

liminary groups based on their meaning and belonging to the

specific phase. In this way, several groups of specific factors per

specific phase were created.

3. Category generation. The openly coded groups were further

analysed and, through interpretation, grouped into broader

higher-order categories per specific phase. Content analysis was

applied to qualitative data in an inductive way, i.e. specific cat-

egories were derived from data by moving from specific ‘anal-

ysis units’ to general categories. Five categories of critical factors

were identified: contextual conditions, actors, actors' roles, ac-

tors' activities, and actors' characteristics. The actors are those

involved in different collaborative processes leading to IS

emergence, where different roles are shaped through actors'

characteristics and activities. Contextual conditions are the

initial conditions or the antecedents in the form of physical and

institutional conditions accommodating the IS emergence pro-

cess. Each of these categories included smaller categories

describing the factors critical for each phase. An overview of

these categories is presented in Appendix A.

4. Results: critical factors for the IS emergence process

The composition and combination of specific factors included

within the identified groups of critical factors (contextual

conditions, actors, actors' roles, actors' characteristics, and actors'

actions) differ from one phase to another (‘awareness and interest

creation’, ‘reaching out and exploration of connections’, and

‘organizing’). Fig. 2 summarizes the critical factors specific for each

phase and the following sections describe each category in detail.

4.1. Phase 1: awareness and interest in industrial symbiosis

The collaborative, co-creational processes, also described by

Spekkink and Boons (2016) as preceding the collaborative process,

can create an awareness of and interest in the economic and

environmental benefits generated through IS relations.

4.1.1. Contextual conditions

Based on the literature review, awareness and interest in IS can

be created through technical and social infrastructure promoting

the IS consideration and facilitating the good IS examples. Policy is a

very important factor when it comes to generating awareness of IS

possibilities and interest in gaining its benefits. As Velenturf (2016a,

p. 121) puts it: ‘the innovation process [started] in response to a

change in the legislative or market context which created a prob-

lem and/or opportunity for a waste resource flow’.

Funding, financial support (Park et al., 2016), financial incentives,

investments (Spekkink, 2013), and the availability of financial

policies such as ‘green investment tax credits, innovation grants’

(Valentine, 2016, p. 76) raise companies' awareness of IS, awaken

interest in IS, and drive their motivation for developing IS relations.

‘Financial incentives could also be employed to encourage the

corporate entities … [and] to begin to participate’ (Valentine, 2016,

p. 76). The financial incentives and support are found to come

mostly from governments and other public bodies, such as mu-

nicipalities (Wu et al., 2016; Park et al., 2016; Elabras Veiga and

Magrini, 2009). The financial support was offered either directly

to the companies involved in the process of IS emergence (Yu et al.,

2014b; Wu et al., 2016) or to other actors, such as research and

education institutions and other public entities, to facilitate the

participative process for IS emergence (Velenturf, 2016b).

Awareness and interest in IS can depend on the timing and

history of collaborations in a region (Baas, 2011). The existing re-

lationships and the history and habits of collaboration can influ-

ence the establishment of new collaborations (Panyathanakun

et al., 2013). Paquin et al. (2014, p. 277) mention that ‘the diffi-

culty of actually implementing potentially high-value exchanges…

can stem from … past relationships, or an inability to leverage

existing relationships in new ways’. The character of the existing

relationships can affect the degree of awareness of IS possibilities

and thereby influence the interest of companies in the IS benefits.

As Baas (2011, p. 438) explains: ‘Past and ongoing initiatives have

resulted in the expanded consciousness that clean technology and

industrial symbiosis can provide a synergy mode for innovative

approaches beyond the adaptive capacity of single organizations’.

Thus, history of collaborations can affect the actors' ‘timescales for

acknowledgement, information and application of the [IS] concept’

(Baas, 2011, p. 438).

4.1.2. Actors

Within this first phase, the research and education institutions

are found to be the most critical and are key stakeholders (Behera

et al., 2012). They are generally considered crucial actors for the

participatory/collaborative processes aimed at IS initiation (Park

et al., 2016; Velenturf, 2016a; Panyathanakun et al., 2013; Behera

et al., 2012; Elabras Veiga and Magrini, 2009; Spekkink, 2013;

Taddeo et al., 2012). Generally, their role is seen partly as contrib-

uting to or playing the role of a facilitator or coordinator (Costa and

Ferr~ao, 2010) by being able to ‘feed valid information into the eco-
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network and collaboration process, thereby overcoming impedi-

ments to successful collaboration caused by misunderstandings

and asymmetric information among stakeholders’ (Panyathanakun

et al., 2013, p. 75) and partly as a champion (Behera et al., 2012).

Within this phase, they support activities of knowledge sharing and

dissemination, as well as knowledge capacity building

(Panyathanakun et al., 2013; Costa and Ferr~ao, 2010).

The public bodies category of actor is one of the most cited that is

important for IS emergence. This group contains national, regional,

and local public entities such as governmental agencies (Costa and

Ferr~ao, 2010; Panyathanakun et al., 2013; van Beers et al., 2009;

Wang et al., 2016; Baas, 2011; Zhu et al., 2014; Park et al., 2016; Yu

et al., 2014b; Elabras Veiga and Magrini, 2009), regional govern-

ments (Taddeo et al., 2012; Elabras Veiga and Magrini, 2009) and

Fig. 2. IS emergence model: Process and critical factors influencing the transition between phases.
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local governments (Park et al., 2016; Behera et al., 2012; Elabras

Veiga and Magrini, 2009) such as municipalities (Hewes and

Lyons, 2008; Baas, 2011), other kinds of local authorities

(Velenturf, 2016a; Taddeo et al., 2012), and public agencies (Elabras

Veiga and Magrini, 2009). Being involved in the collaborative pro-

cesses from the early phases, public bodies are also those who can

‘seed the innovation process’ into a local context by providing

support to companies, access to specialized knowledge, and in-

centives encouraging engagement, as well as promoting symbiotic

thinking among other actors (Valentine, 2016).

Businesses are found playing different roles, as described in

section 4.1.3. and being able to contribute to the implementation

and ‘dissemination of IS activities within a region’ (Baas, 2011, p.

435).

4.1.3. Actors’ roles

Businesses can play the role of an anchor tenant. The definition

of anchor tenants found in the literature is similar to Chertow's

(2007) conceptualization (i.e. a large company or power plant of-

fering a large pool of material flows as IS potential). This can be a

major firm (Valentine, 2016) or a somewhat industrial pole of a

region (Cutaia et al., 2015) representing ‘heavy process industries’

(van Beers et al., 2007, p. 57) ‘that can easily solve the curtailment of

steam through in-house solutions’ (Valentine, 2016, p. 72). Such

companies, with their production streams, can get a number of by-

products and need a number of resources. These can present a

major source for symbiotic relations emergence. These actors are

perceived as making a ‘considerable impact at the regional level’

(Costa and Ferr~ao, 2010, p. 987). Knowledge and awareness of their

potential could inspire other actors to initiate IS relations.

Besides the identified groups of actor roles, such as anchor

tenants and champions, the most quoted group of actor roles are

those with the characteristics of a facilitator or a coordinator. The

palette of who these actors can be is found to be large and ‘col-

ourful’. The literature reviewed presents examples of individuals

being facilitators (Velenturf, 2016a; Qu et al., 2015), of organiza-

tions being facilitators (Spekkink, 2015; Panyathanakun et al., 2013;

Taddeo et al., 2012; Madsen et al., 2015; Baas, 2011), or even net-

works or interconnected structures of actors playing the role of

facilitator or coordinator (Wang et al., 2016; Farel et al., 2016). Such

actors have been called ‘more formal structures’ (Valentine, 2016),

‘facilitators and coordinating entities’ (Mannino et al., 2015),

‘change agent’ (Baas, 2011), ‘supervisory body’ (Park et al., 2016, p.

37), ‘a central organization’ (Madsen et al., 2015), ‘a shared contact’

(Velenturf, 2016a), ‘project group’ (Spekkink, 2015, p. 139), ‘a co-

ordination structure’ (Farel et al., 2016, p. 101003-6), Coordinator

(Sharib and Halog, 2017, p. 1107; Paquin and Howard-Grenville,

2012), ‘IS coordination network’ (Wang et al., 2016, p. 1577), or

‘network orchestrator’ (Paquin and Howard-Grenville, 2013, p.

1648). In the initial phase of the IS emergence process, the role of

facilitator or coordinator is summarized many times as the activa-

tion of ‘the exchange of knowledge and relational resources’ among

business companies, public bodies, and other actors through

different kinds of interactions organized (Wang et al., 2016, p.

1580). At this phase, facilitators must have a high degree of per-

sonal enthusiasm (Wang et al., 2016), involvement (Hewes and

Lyons, 2008), and ‘expertise to coordinate business-networking’

(Wang et al., 2016, p.1577). They are responsible for building actors'

capacity (knowledge, relational, mobilization, personal, etc.) for IS

emergence (Sharib and Halog, 2017; Velenturf, 2016b; Valentine,

2016; Paquin and Howard-Grenville, 2012; Baas, 2011; Qu et al.,

2015; Yu et al., 2014b).

At this phase, actors such as public bodies, businesses, and

universities can play important roles as facilitators and champions

for other organizations (Hewes and Lyons, 2008).

4.1.4. Actors’ characteristics

Specific human characteristics are found to be critical in the

process of IS emergence. Generally, the actors involved in collabo-

rative/participatory processes for IS initiation must be willing and

interested in discussing existing challenges and possibilities and in

collaborating with other actors (Cutaia et al., 2015; Valentine,

2016). The importance of an environmental mindset, spirit, and

awareness, together with a symbiotic joined-up thinking and

strategic thinking is accentuated in the literature (Valentine, 2016;

Velenturf, 2016b). Within this first phase, it is the participants'

opinions, perceptions, and understanding of IS that counts

(Panyathanakun et al., 2013; Madsen et al., 2015). Madsen et al.

(2015, p. 860) state that ‘academics mainly focused on IS as “end of

pipe” activity, where the practitioner considered the true potential

of IS to be in process improvement, innovation, knowledge transfer

and culture change’, and these differences can create challenges in

IS emergence. It is also found that actors' economic motivation is

the largest motivation driving actors' involvement in IS (Ashton and

Bain, 2012). There are however different motivations that are

driving the IS emergence process at different times. During this

phase, the experience and knowledge of other cases of successful IS

implementation (Park et al., 2016) provoking an (economic, envi-

ronmental, etc.) expectation and desired benefits from symbiotic

synergies are crucial (Ashton, 2009; Paquin et al., 2014; Farel et al.,

2016; Van Berkel et al., 2009; Branson, 2016; Behera et al., 2012).

The same is the existent market mechanisms and policy incentives

encouraging IS relationships (Velenturf, 2016a). Furthermore,

existing and pressing challenges and needs (e.g., resource scarcity,

environmental pollution, the availability of (considerable) amounts

of waste streams, and exchange potential) can be a motivational

factor during the awareness and interest creation (Ashton, 2009;

Valentine, 2016; Paquin et al., 2014; Farel et al., 2016).

During this initial phase, the awareness, interest, and under-

standing of, for instance, contextual factors such as policy, regula-

tion, but also IS and a recognition of the need for symbiotic thinking

as a way to fight environmental pollution and resource scarcity, is

fostered (Wu et al., 2016; Van Berkel et al., 2009). The personnel of

an organization are a key factor within organizational characteristics

when fostering awareness and interest in IS (Wang et al., 2016; van

Beers et al., 2009). Fostering a different mindset and closed-loop

thinking through knowledge sharing in organizations (Valentine,

2016) can also support and increase the organizational interest in

IS. Velenturf (2016b, p.160) suggests that ‘knowledge of policy and

regulation as well as markets and industrial processes supported a

more flexible attitude towards potential economic developments’.

Institutional embeddedness presents the ‘nontechnical (e.g.,

norms, trust, and communication) factors influencing IS develop-

ment’ (Paquin et al., 2014, p. 277). It comprises the inter-

organizational aspects supporting the emergence of IS (e.g., cul-

tural, cognitive, and structural aspects). Developing embeddedness

by cultivating trust during the IS emergence process and devel-

oping a supportive (cultural) context for IS emergence is of critical

importance (Costa and Ferr~ao, 2010; Paquin et al., 2014). During the

initial phase where awareness and interest is cultivated through

capacity building activities, knowledge and familiarity with the

concept is addressed (Elabras Veiga and Magrini, 2009), and an

early cultivation of a strategic vision is necessary. In the process of

awareness creation, it is necessary to accentuate the IS character-

istics such as the need for fostering a higher degree of cooperation

among companies and a chance and need to develop new social

relationships and apply a collaborative behaviour (Wang et al.,

2016; Elabras Veiga and Magrini, 2009). Regarding the role of so-

cial relations, Hewes and Lyons (2008, p. 1335) mention that ‘with

social relationships, we are empowering each other [and that]

construction of social relationships is key to the development of
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EIPs’, while Boons and Spekkink (2012) stress that relational ca-

pacity alone is not enough, there is a need for mobilization of re-

lationships and using them to benefit IS emergence.

4.1.5. Actors’ activities

Human and organizational characteristics, institutional

embeddedness, and raising awareness via knowledge and infor-

mation sharing could be built through capacity building events

combined with context transformative activities.

Capacity building activities are mentioned in the literature as

supporting IS emergence (Elabras Veiga andMagrini, 2009), mostly

by contributing to the formation of a potential network of stake-

holders with a large potential for fostering IS relations. The network

develops through ‘information exchange between industries co-

located in a region’ (Panyathanakun et al., 2013, p. 76), ‘[the] ex-

change [of] their visions on problems and solutions’ (Spekkink,

2015, p. 143), ‘sharing of ideas [and] knowledge exchange [on

each other's processes, by-products, plans, visions, regulatory

changes, etc.], [shared] willingness, and trust among parties'

(Panyathanakun et al., 2013, p. 75), and by ‘communicat[ing] the

value’ of IS (Paquin and Howard-Grenville, 2012, p. 87) among each

other. Through these activities, an increase of environmental

awareness among actors takes place (Qu et al., 2015, p. 336),

improving motivation (Panyathanakun et al., 2013) and ‘maintain

[ing] and strengthen[ing] relationship[s]’ among networkmembers

(Spekkink, 2015, p. 143), increasing in this way the knowledge and

relational capacity (Boons and Spekkink, 2012; Spekkink, 2013,

2015). The role of facilitator or coordinator in organizing such ac-

tivities and monitoring their outcomes during subsequent transi-

tional phases is crucial.

Costa and Ferr~ao (2010, p. 985) write that ‘a spontaneous

emergence of IS can be triggered and further developed by a dy-

namic process of … interventions that can transform the context’.

Stakeholder interventions are dynamic processes taking place at

different levels, and they can shape the social, economic, cognitive,

etc. contexts. A ‘continuous dialogue … engaging public bodies’

(Velenturf, 2016a), shaping the ‘community-industry’

(Panyathanakun et al., 2013) and government-industry relation-

ships (Costa and Ferr~ao, 2010) is found to be the most context

transformative intervention.

4.2. Phase 2: Reaching out and exploration of connections

4.2.1. Contextual conditions

Ashton (2009) suggests that initiation and implementation of IS

was often driven by a change in the existing regulation. Therefore,

engagement of public authorities, responsible for permitting and

regulating in the participatory processes where exploration of

connections take place, is crucial. Velenturf (2016a, p. 122) adds

that ‘continued interaction with regulator(s) [can contribute] to

solve the regulatory issues’ in the way of IS emergence.

Infrastructure is found to be critical, especially within this phase.

In this paper, infrastructure includes technology, equipment, da-

tabases, and platforms for stakeholder interactions (Paquin et al.,

2014; van Beers et al., 2009; Zhu et al., 2014; Van Berkel et al.,

2009; van Beers et al., 2007; Spekkink, 2015; Valentine, 2016;

Cutaia et al., 2015; Wang et al., 2016). Specific interactions' plat-

forms or ‘more formal structures to provide opportunities for

interaction’ (Valentine, 2016, p. 69) are found to be the most critical

infrastructure within this phase.

There is an overall agreement among researchers that ‘building

industrial symbiosis requires time’ (Qu et al., 2015), since building

the ‘IS [network] is a long-term process’ (Elabras Veiga andMagrini,

2009) that needs ‘bringing in other members’ (Paquin and Howard-

Grenville, 2012, p. 89) and developing trust among them. And ‘trust

might take time to build’ (Madsen et al., 2015, p.859; Hewes and

Lyons, 2008). Referring to time within this phase, the literature

specifies that ‘the stakeholder engagement processes’ (van Beers

et al., 2009, p. 377), the institutional capacity (i.e. the knowledge

capacity), the relationship creation and the mobilization capacity

(Boons and Spekkink, 2012, p. 67), and the trust among the po-

tential partners can take time.

Geographical proximity is a factor identified in the IS literature,

with no agreement on what role it plays in IS emergence (Jensen

et al., 2011). The systematic review of this study has found that

being geographically close can influence the type and number of

synergies developed (van Beers et al., 2007). Paquin and Howard-

Grenville (2013, p. 1649) suggest that ‘proximity enables knowl-

edge flow and innovation’ among stakeholders from different sec-

tors. When different potential relations are explored, the

‘transportation and transaction costs’ (Park et al., 2016, p. 35) can be

important factors to be considered, together with financial aspects

related to them (Branson, 2016). However, researchers currently

have different views on this subject. van Beers et al. (2009, p. 370)

mention that ‘transportation costs will have a limited impact on the

economic viability of a reuse opportunity’. We suppose that it de-

pends on the context and the actors involved in the process of IS

emergence.

The knowledge of each other's pool of resources (e.g. money,

time, knowledge, the ‘amount of by-product a company can supply

and the amount another company is capable of handling or willing

to accept’ (Madsen et al., 2015, p. 859)), is found important. Madsen

et al. (2015, p. 859) continue that ‘often companies don't know

what their neighbour is doing’, which impedes them in contacting

each other. During this phase, different scenarios with specific

amounts of resources available can be studied. According to Val-

entine (2016, p. 73), there is a need for ‘a resource flow that another

member could utilize in an advantageous way’, because otherwise

it will be difficult to create IS connections. With regard to the

resource security at this stage, it is ‘in particular [the] confidence

that resources with the right qualities would be supplied’

(Velenturf, 2016a, p. 126) that is a high priority. Richness or scarcity

of other kinds of resources, such as natural resources, i.e. ‘inclu-

dingdbut not limited todiron ore, bauxite, gold, nickel, mineral

sands, diamonds, natural gas, oil, and coal’ (van Beers et al., 2007, p.

57), the ‘geographical position’ (Taddeo et al., 2012, p. 24), and ‘the

tropical climate… land and fresh water’ (Ashton, 2009, p. 237) can

have an overall importance for the emergence of IS.

4.2.2. Actors

Research and education institutions within this phase can

contribute to the ‘local coordination [of] activities’, to ‘the uncov-

ering of IS kernels’, to ‘the monitoring and disseminating infor-

mation on the developments’ (Costa and Ferr~ao, 2010, p. 991), and

can act as a strategic advisor for the collaborative process and

contribute to knowledge development, sharing ‘and dissemination

of knowledge about the different projects that the actors were

engaged in’ (Spekkink, 2013, p. 352), complementing other

involved actors' capabilities and raising knowledge participants'

capacity (Panyathanakun et al., 2013; Costa and Ferr~ao, 2010) along

the collaborative process.

Public bodies are considered an important component of the

participatory process (Behera et al., 2012; Baas, 2011). Their role

spans from coordinator and facilitator of the collaborative pro-

cesses, facilitating the contact between different agents and

assuming a more central role, to a champion in the development of

symbiotic relations (Park et al., 2016; Costa and Ferr~ao, 2010),

funding body (Baas, 2011), to a consulting body on planning and

technical issues (Park et al., 2016), to a catalyst body for the

development (Valentine, 2016) and at last to simple participants in
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the collaborative processes for IS emergence. They can ‘develop a

strong change management position by building trust between the

different strategic platform member’ (Baas, 2011, p. 436). By being

more aware of local conditions, public bodies could ‘provide a

bridge between national government and business’ (Costa and

Ferr~ao, 2010, p. 991) and provide funds to research and education

institutions (Park et al., 2016). Being either a coordinator them-

selves or part of a coordinator network (Wang et al., 2016), public

bodies can influence the ‘co-produced solutions’ and ‘co-decide

about the innovation’ that can happen (Velenturf, 2016a, p. 128) at

the same time as being involved ‘in building up the institutional

environment for IS’ by issuing regulation promoting IS (Yu et al.,

2014b, p. 471) or encouraging companies through environmental

licensing or permitting for IS thinking (Elabras Veiga and Magrini,

2009).

Businesses can become dominant and decisive for the symbiosis

created by engaging themselves in coordination activities (Farel

et al., 2016) and playing the role of champions, as described by

Hewes and Lyons (2008).

The group of associations embrace a large variety of organiza-

tions representing a group of stakeholders' interests, e.g. industry

representatives (Madsen et al., 2015; Panyathanakun et al., 2013),

environmental organizations (Taddeo et al., 2012; Baas, 2011), or

other organizations and associations (Velenturf, 2016a; Sharib and

Halog, 2017) such as labour representatives (Taddeo et al., 2012) or

‘expertise centres’ (Baas, 2011, p. 436). Their role as a participant in

the participatory process of IS initiation and playing an active role

within a coordination body of such processes is largely acknowl-

edged (van Beers et al., 2009; Baas, 2011; Spekkink, 2013; Taddeo

et al., 2012; Velenturf, 2016a; Sharib and Halog, 2017). Pan-

yuathonakun et al. (2013) specify that they are ‘critical to the suc-

cessful coordination of efforts by participating industries in support

of EIE formation’ as they can be mediators who want ‘to foster

positive interactions between member companies, government,

and the broader community’ (van Beers et al., 2007, p. 58).

Furthermore, this group of actors ‘might be a good way of finding

partners’ (Madsen et al., 2015, p. 859).

4.2.3. Actors’ roles

Bridging actors are shared contacts that ‘can ease the process for

the companies’ (Velenturf, 2016a) or can push an idea forward to

companies, public bodies, and other actors. Even though this study

found the role of bridging actors to be greater in the second phase

of the IS emergence process, we acknowledge their role as intro-

ducing ideas and pushing them forward in other actors' awareness

and in awakening their interest. In this initial phase, bridging actors

can play the role of a champion. The role of bridging actors is crucial

at this phase, since it is acknowledged that they play a role in

connecting partners to create symbiotic relations. ‘It often takes

one person, like a mayor, to push the idea’, mentions Hewes and

Lyons (2008, p. 1340). In this case, the mayor would be a bridging

actor between the companies and a facilitative body. The bridging

actors are closely related to champions. To put it briefly, a champion

is a ‘leader that stands out in … initiatives’ (Spekkink, 2015, p. 139)

and ‘possess[es] deep understanding of the local society and cul-

ture and ha[s] proven track records of industrial innovation’

(Behera et al., 2012, p. 104). The literature focuses on academic

researchers, company managers, anchor organizations, business

owners, or individuals with experience in the field of industrial

ecology as champions (Behera et al., 2012; Baas, 2011; Hewes and

Lyons, 2008). The champions are seen as very important for the

success of IS emergence (Hewes and Lyons, 2008), as they can

‘establish … connections between different projects and actors’

(Spekkink, 2013, p. 155). One of the most cited articles regarding

champions, by Hewes and Lyons (2008, pp. 1335e6, 1338), stresses

that a champion is ‘developing local support through a bottom-up

approach … [and] develop[s] social relationships by establishing

social systems that start with the code “bringing people together”

… [and teach] the vision of industrial ecology’.

During this phase, facilitators are characterized by ‘adopt[ing]

more formal structures to provide opportunities for interaction’

(Valentine, 2016. p .69). Facilitators coordinate stakeholders'

communication, relations and exchanges (Sharib and Halog, 2017;

Spekkink, 2013; Behera et al., 2012; Valentine, 2016; Behera et al.,

2012, 2012; Taddeo et al., 2012; Yu et al., 2014b; Wang et al.,

2016; Park et al., 2016). They also offer ‘an incubation chamber

for innovative ideas’ (Spekkink, 2015, p. 139) ‘delivering … specific

innovation support’ and ‘[a]ttracting funding into the region and

cascading it through the governance system’ (Velenturf, 2016b;

Madsen et al., 2015). By doing this, facilitators take responsibility

for the collaborative process and IS network formation. A high level

of facilitator engagement is necessary (Velenturf, 2016a).

4.2.4. Actors’ characteristics

During this second phase, it is the actors' active participation, as

human characteristics, that is crucial (Boons and Spekkink, 2012). In

order for IS institutional capacity (i.e. knowledge, relationships, and

mobilization capacity) to be created, actors' agency is necessary in

the form of willingness to actively invest their time and resources in

developing new knowledge and new relationships (Valentine,

2016). Furthermore, Valentine (2016, p. 72) mentions that it is

important to have trust and confidence that ‘solutions can be found

… within the network’.

The awareness and interest in IS relations created during the

first phase can motivate participants to develop a specific logic and

strategic view (Spekkink, 2015), thus encouraging them to engage

in institutional capacity building.

During this phase, interactions that foster a cooperative culture

(Ashton, 2009) occur. Here, the organizational characteristics

exemplified such as the companies' interest in IS created or adopted

IS up to that point, their previous environmental practices, and the

willingness and commitment to support/adopt new organizational

changes and (environmental) activities is of crucial importance

(Paquin et al., 2014; Qu et al., 2015; Baas, 2011; Taddeo et al., 2012).

In the processes of this second phase, the companies’ need for

confidentiality is accentuated (Madsen et al., 2015). In the same

way are the organizational habits (van Beers et al., 2009). These can

be critical for (not) developing new relationships.

Concerning the institutional embeddedness in the process of

reaching out and exploration of connections a ‘common culture and

trust’ is cultivated among the actors (Behera et al., 2012, p. 106)

along the ‘shared vision’ (Spekkink, 2013, p. 354). Here, actors'

activities and interactions are very important (Velenturf, 2016a).

These activities can drive and develop the ‘good cooperation and

collaboration’ (Panyathanakun et al., 2013, p. 75) among stake-

holders. At this phase, the ‘short mental distance’ (Branson, 2016, p.

4351) is developed. This occurs through increasing social proximity

(Velenturf, 2016a), i.e. familiarity with each other (Behera et al.,

2012, p. 106) and familiarity ‘with one another's products and

processes' (Paquin et al., 2014), developing ‘a shared conception of

the high value of residual materials[,] … shared norms regarding

waste issues[,]… shared cognitive framing and norms’ (Ashton and

Bain, 2012, p. 77). Social proximity can ‘decrease the efforts

required in building shared knowledge and understanding’

(Velenturf, 2016a, p. 125) among the actors involved in the process

of IS emergence.

4.2.5. Actors’ activities

What drives actors aware of and interested in the IS potentials to

consider spreading their idea to other possible partners is their
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participation in the strategic network formation activities encour-

aged by facilitators such as public bodies, research and education

institutions, or even businesses themselves through business net-

works. According to the literature, a facilitator has the re-

sponsibility to form and monitor the strategic network formation,

acquisition of knowledge and relationships, and formation of

mobilization capacity. Activities such as on-site guidance, policy

tours, periodical meetings, and face-to-face discussions (Wang

et al., 2016), facilitation (Costa and Ferr~ao, 2010), and follow-up

activities (Spekkink, 2015) could help monitor and guide the

network formation.

The presence of a common incubation platform with events

supporting the exploration of connection processes, such as

networking events and workshops, are also found to be crucial in

facilitating the processes of reaching out and the exploration of

connections. Boons and Spekkink (2012) and Spekkink (2013, 2015)

conclude that knowledge and relationship capacity developed

through capacity building activities during first phase is not enough

for IS to emerge. It is mobilization capacity that has the potential to

generate change. The literature review has revealed that in-

teractions nesting the mobilization capacity could refer to building

an incubation platform for IS emergence. Behera et al. (2012, p. 111)

mentions that ‘a robust management structure, including a cham-

pion and supporting staff …, is mandatory to support’ the IS

emergence.

4.3. Phase 3: organizing

4.3.1. Contextual conditions

The role of policy is found to be high during this phase. Here,

companies can perform feasibility studies and explore the

compliance of the new business model with regard to existing

regulations. Within these two last transition phases, policy is ‘good

for stimulating agreements and commitments’ (Mannino et al.,

2015).

The availability of funding such as ‘access to [and availability of]

investment subsidies’ (Van Berkel et al., 2009, p. 1555), financial

support (Zhu et al., 2014), tax laws (Panyathanakun et al., 2013),

financial support through ‘capital projects’ (van Beers et al., 2007, p.

69), and other ‘governmental financial support‘ (Zhu et al., 2014, p.

465) can increase the possibility of IS establishment. This is because

it provides necessary financial resources for exploring the possible

ways of organizing for IS. Funding is found to come mostly from

public bodies entities (Zhu et al., 2014; Baas, 2011) or business

actors such as ports (Spekkink, 2013). However, we believe that

raising awareness and making companies understand the role of IS

for their business development, and the role of a facilitator within

IS emergence process, could contribute to raising funds from

commercial companies for facilitators’ work. Other contextual

conditions such as geographical proximity and industrial diversity,

are less important, but one should have an awareness of their

possible importance.

Infrastructure in the form of technology available and its (eco-

nomic, etc.) accessibility (Paquin et al., 2014; Velenturf, 2016a; Van

Berkel et al., 2009; van Beers et al., 2007; Zhu et al., 2014; van Beers

et al., 2009); databases, including resource flow information and

specification (Velenturf, 2016a); databases and operating hand-

books ‘[with] information about resources… collected using input-

output tables’ (Cutaia et al., 2015, p. 1523) are of crucial importance.

These can help the organization to get an overview of resource

flows.

4.3.2. Actors

Research and education institutions can contribute to the orga-

nization of different activities such as innovation forums to support

the identification of the best way to organize the new synergies

(Behera et al., 2012). Here, the consultancy companies can overtake

research and education institutions and play amore important role.

They can contribute with modelling and calculation of the new

business models. The contribution of other actors, such as service

providers and interest associations is as well crucial at this phase.

The role of public bodies in this third phase is also considered

crucial. In particular, its role as regulator and as issuer of licenses

and permits is of great importance (Velenturf, 2016a). At the same

time, the role of a funding body, providing financial support for new

symbiotic initiatives, is more accentuated in this late phase (Baas,

2011; Zhu et al., 2014). Overall, public bodies are an inevitable

component of the innovation process leading to IS emergence

(Velenturf, 2016a; Elabras Veiga and Magrini, 2009; Taddeo et al.,

2012; Behera et al., 2012).

Business organizations and interest associations are also viewed

as crucial in this phase. Businesses are mostly seen as those

implementing IS and a force that through interventions can influ-

ence ‘the social and economic context of the municipality’ (Costa

and Ferr~ao, 2010, p. 991). Their role in the participatory and

collaborative processes for IS initiation, supporting other local ac-

tors, is increasingly recognized (Park et al., 2016; Panyathanakun

et al., 2013; Behera et al., 2012; van Beers et al., 2009; Hewes and

Lyons, 2008). Business actors such as ports, accommodating a

large number of companies at its territory, can support IS emer-

gence by funding infrastructural initiatives necessary for IS estab-

lishment (Spekkink, 2013). Their role is particularly crucial in the

last two transition phases: exploration of connections and

organizing.

Relevant support can be gained from the interest associations

representing different business interests. Such associations contain

a large pool of knowledge on companies and their data (Sharib and

Halog, 2017), and they can ‘foster positive interactions between

member companies, government, and the broader community’

(van Beers et al., 2007, p. 58).

4.3.3. Actors’ roles

During this last phase, facilitators monitor the process of

emergence (Paquin and Howard-Grenville, 2012, 2013) and ‘follow

… the implementation processes and end-results’ (Panyathanakun

et al., 2013, p. 75). The roles fulfilled by such actors depend on the

actions taken at different times in the process of IS emergence. and

can embrace the concept of a form of ‘formal governance’ as

Velenturf (2016b, p. 166) describes it.

4.3.4. Actors’ characteristics

With regard to the human and organizational characteristics, the

most important factors mentioned are a symbiotic mindset, pro-

active attitude, flexibility, high motivation, and willingness to

open up for new relations. The actors' characteristics within this

phase are similar to those in the previous phase. Especially the

actors' agency in the form of willingness to actively invest their

time and resources in developing new knowledge and new re-

lationships is necessary (Valentine, 2016). Concerning organiza-

tional characteristics, it is mostly the mobilization capacity that is

considered critical (Boons and Spekkink, 2012). An organizational

pro-active attitude, flexibility, willingness for new ways of devel-

oping its business, openness, and willingness to exchange knowl-

edge on company and production operations are critical Velenturf

(2016b); (Panyathanakun et al., 2013). Companies with a ‘unique

sociocultural environment … [and] a collaborative spirit’

(Valentine, 2016, p. 75), and those recognizing the value of the

natural resources and concerned with ‘continued access to vital

resources’ (van Beers et al., 2007, p. 61) can succeed in organizing

and establishing IS relations.

L. Mortensen, L. Kørnøv / Journal of Cleaner Production 212 (2019) 56e6966



During this last phase, specific (economic) considerations take

place: business factors such as supply chains (Behera et al., 2012),

the costs of new commercial transactions, the weighing up of

operational and revenue costs against existing expenses and the

benefits expected (Valentine, 2016; van Beers et al., 2007), and

discussions about shared benefits among the actors occur (Behera

et al., 2012). Institutional embeddedness is built through the

‘consensus and alignment of actors’ interests' (Panyathanakun

et al., 2013, p.75). In order for that to happen, there is a need for

openness between the possible resource partners (Velenturf,

2016a) and readiness for establishment and maintenance of

confidentiality (van Beers et al., 2009). The ‘feeling of confidence or

trust in the collaboration, …was the prerequisite for negotiating a

contract’ (Velenturf, 2016a, p. 126).

4.3.5. Actors’ activities

Activities that are relevant in this phase and encourage devel-

opment of an incubation platform for IS emergence could consist of

creating and offering a platform or specific interaction spaces.

Within these ‘potential participants could meet’ (Paquin and

Howard-Grenville, 2013, p. 1633), information on enterprise, re-

sources and (by-) products could be exchanged (Qu et al., 2015;

Cutaia et al., 2015), ‘material flow analysis’ (Qu et al., 2015), ‘cost-

benefit analysis’ (van Beers et al., 2009), feasibility investigations

and other relevant studies (Behera et al., 2012; Spekkink, 2015)

could be done. Incubation platform activities could focus on

formulating new business model proposals and contract negotia-

tions (Behera et al., 2012). Other activities found relevant could be

‘workshops on exploring technical possibilities’ (Velenturf, 2015)

and keeping operating handbooks (Cutaia et al., 2015). Further-

more, such an incubation platform could foster new joint projects

(Madsen et al., 2015) offering financial support (Yu et al., 2014b;

Panyathanaku et al., 2013) and lobbying for the spreading of an IS

approach (Spekkink, 2015) through ‘eco-town programs’ (Van

Berkel et al., 2009), ‘town-hall meetings’ (Costa and Ferr~ao, 2010),

and other lobbying and staff-mobility events (Spekkink, 2015; van

Beers et al., 2007).

5. Discussion and conclusion

This study's specific scientific value lies in the synthetization of

the various understandings of the IS emergence process and sug-

gests the possibility for moving the scholarly conceptual definition

towards defining it as: the dynamic (social) process between pre-

emergence and post-emergence phases, where actors are engaged in

processes of building awareness and interest in IS, reaching out to new

possible partners through interactions that encourage the exploration

of new possible connections, and organizing new symbiotic ties.

Following the discussion of IS as a dynamic process established

through a range of dynamics (Boons et al., 2017; Sun et al., 2017),

we propose a conceptual model for IS emergence that places the

emergence phase between a pre-emergence phase (including the

multitude of factors and agents within a geographical context and

unexploited IS possibilities) and a post-emergence phase

(including the formal establishment and implementation of IS and

its further development). This is an attempt to produce context-

free, universal knowledge on IS emergence. However, the

geographical characteristics; the existing initial conditions in form

of a range of industrial, public, educational, etc. agents; and the

pool of unexploited resources characterising the pre-emergence

phase play a crucial role for the dynamics of IS emergence (Farel

et al., 2016). Therefore, we fully acknowledge the role of specific

(institutional and geographical) context for IS emergence and call

for a thorough consideration of the pre-emergence phase and

specific contextual conditions, as advised by Boons et al. (2017),

when considering intentionally encouraging IS emergence.

The three phases of the IS emergence process (i.e., the aware-

ness and interest in IS, the reaching out and exploration of con-

nections, and the organizing) are found to be characterized by

specific factors. However, these should not be considered to be the

only factors critical for the processual phases, nor should they be

seen as specific to one particular dynamic, as described by Boons

et al. (2017) and Sun et al. (2017). The combination and the de-

gree of criticality will depend on, for instance, the specific pre-

emergence factors, degree of interaction of different agents,

contextual conditions, etc. It is relevant to investigate further the

discussionwithin IS literature on antecedents and initial conditions

and further research on this is highly recommended.

This review's high-impact outcomes and contribution to the IS

field are related to the identification of new avenues for research.

More focus on individuals and organizations within IS literature is

recommended. The focus on human, organizational, and institu-

tional capacities necessary for the IS emergence process provides

evidence of the multiple social layers important for IS emergence:

the individual level, the organizational level, and the institutional

level. Among these three levels, individual capacities are less

addressed. However, individual characteristics should not be

underestimated, since ‘systems make it possible, but peoplemake it

happen’ (Hewes and Lyons, 2008, p. 1340). Thus, researchers are

invited to focus on the groups of actors engaged in the emergence

process, their specific roles, activities, and individual/organiza-

tional capacities. What individual and organizational capacities do

actors activate within the process of IS emergence? How are these

capacities built? Who is responsible for coordinating interactions

among actors that foster capacity building, data collection, and the

monitoring of the IS emergence process e public bodies, private

companies, or research and educational institutions? These are

only a few aspects strongly recommended for further research.

As the last high-impact outcome, the present study identifies

the importance of having a platform or a space for interactions

among actors to unfold and capacity for IS emergence to be built,

stressing the findings of Cutaia et al. (2015). Such a platform pro-

vides a space for trial and error, encouraging a more experimental

approach towards IS emergence. It is the space of interaction and

collaboration across sectors. What collaborative models between

public, private, and academic sectors are mostly recommended for

high results of IS emergence? How is the value created within such

collaborative processes that engage a multitude of actors and or-

ganizations in collaborations for IS emergence? These are only few

aspects that further research is recommended on.

Studying the IS emergence process opens the possibility of

perceiving IS through a more complex lens, acknowledging the

importance of individuals, organizations and their capacity, and the

need for a more experimental aspect in their interactions.
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a b s t r a c t

Industrial symbiosis, the exchange of excess resources between traditionally separate industries, has

received increasing attention in recent years as a means of realizing a circular economy. Research has

focused on determining how industrial symbioses come about and develop. Characteristics and dy-

namics of their emergence as well as their development processes have been identified. However, within

this field, little attention has been paid to the effect of relations and interdependence between symbioses

in the emergence process. The present paper addresses this gap. Its objective is to determine how

existing industrial symbioses influence the emergence of new ones and contribute to industrial sym-

biosis network development. In doing so, a conceptual model is built and presented, explaining the

connection and dependence between existing and emerging industrial symbioses. The model is inspired

by analogies with biological processes of reproduction, which are translated into industrial principles.

Embedded in the model are the principal reproduction modes: budding, broadcast spawning, and

brooding. To validate and illustrate the applicability of the model, the paper presents empirical cases

selected from the industrial symbiosis network in Aalborg, Denmark. Based on findings of the case study,

the model of industrial symbiosis reproduction is found to be a useful tool for gaining a new perspective

on industrial symbiosis networks’ development. The paper contributes to the understanding of industrial

symbiosis emergence and network development processes by revealing the role of interconnectivity

among existing and emerging industrial symbiotic linkages.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Industrial symbiosis (IS) involves the adoption of a collective

approach between companies, in which excess materials, energy,

water, or by-products are exchanged and incorporated into busi-

ness processes. Besides representing an innovative way of

increasing resource efficiency, IS is also increasingly seen as a

means of realizing a circular economy (European Commission,

2014), a regenerative system in which resource input, waste,

emissions, and energy leakage are minimized by slowing, nar-

rowing, and closing material and energy loops (Geissdoerfer et al.,

2017). IS is a tool to address the latter: The closing of resource and

energy loops between companies in traditionally separate in-

dustries. In recent years, IS has proven to bring economic, envi-

ronmental, and social sustainability benefits. Various European

symbioses have led to greenhouse gas savings, landfill diversion,

and savings of hazardous waste, as well as savings of virgin raw

materials and water. Additionally, economic savings through avoi-

ded waste disposal and raw material acquisition costs have been

achieved in many projects (Dom�enech et al., 2019). An improve-

ment of the recycling of raw materials through IS is estimated to

lead to savings of EUR 1.4 � 109 per year in the EU (European

Commission, 2011). Because of these benefits, focus is directed to-

wards understanding how IS emerges and develops. Much research

has focused on understanding the emergence and development

process (Yu et al., 2014). Researchers acknowledge the dynamic

character of this process (Boons et al., 2014) and describe the

growth of an industrial symbiosis network (ISN) as the multipli-

cation of symbiotic linkages. Recently, investigations have

addressed how ISN development can be facilitated (Park et al.,

2018), how technology such as online information-sharing plat-

forms can support the performance of ISNs (Fraccascia and Yazan,

2018), and how policy instruments can provide the conditions for

IS to develop and flourish (J€arvenp€a€a et al., 2019).
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symbioses, however, received much less attention within IS liter-

ature. While there seems to be a common understanding that

existing IS linkages can be beneficial for further IS emergence, for

example through raising awareness of the benefits of successful IS

implementation (Park et al., 2016), no in-depth research on the

connection between existing and emerging IS has been conducted.

The present paper aims at filling this gap by shedding light on

the effect and relevance of an existing IS linkage on another’s

emergence. The overall research objective is to enhance, empiri-

cally and conceptually, the understanding of reproduction of IS and

is driven by the question, “How does an ISN develop through con-

nectivity or dependence between existing and emerging IS linkages?”

Connectivity refers here to a relationship in which the newly

emerged symbiosis is linked or associated with a previously

existing one, while dependence refers to a relationship where the

new symbiosis relies on or is controlled by another existing sym-

biosis. The present study makes use of an analogy with processes of

biological systems as a method to build a new model illustrating

the connection and dependencies among existing and new IS

linkages. The “process by which organisms replicate themselves”

meaning multiplying by “making a copy, a likeness, and thereby

providing for the continued existence of species” (Lambers, 2018) is

defined by the biological term “reproduction.” This term represents

the core of the analogy. Based on analogic thinking, the present

study refers to IS network growth through connections and de-

pendencies among existing and new IS linkages as “reproduction”

of IS. The model developed in this study embeds the principal

reproduction modes: budding, broadcasting spawning, and

brooding. A validation of the model is conducted through its

application to empirical cases selected from the industrial symbi-

osis network in Aalborg, Denmark. Based on findings of the case

study, themodel of industrial symbiosis reproduction is found to be

a useful tool for gaining novel perspectives on industrial symbiosis

emergence and network development. The paper brings novelty

and contributes in several ways. For IS researchers it presents a

conceptual model that allows a clear identification of reproductive

processes involved in IS emergence. Furthermore, it contributes to

an articulation of the respective mode of reproduction encountered

in the cases utilized. In addition, IS practitioners, such as govern-

mental, academic, and industrial actors directly involved in the

facilitation of IS, can benefit from the present paper through an

enhanced understanding of how currently developed IS linkages

can facilitate new IS emergence.

In the following, a brief review of existing IS literature relevant

to this study (section 2) is presented. The biological principles for

reproduction and their industrial analogies are then presented and

explained (section 3), providing the background for building the IS

reproduction model (section 4). A case study of a mature industrial

symbiosis network applies, illustrates, and validates the model

(section 5). The findings are discussed in relation to the IS repro-

duction model (section 6) and conclusions are presented (section

7).

2. Interconnectivity among existing and new symbiotic

linkages: a literature review

Trying to understand emerging symbioses, Chertow (2007)

marked the difference between planned and self-organized symbi-

oses. While planned symbioses build on conscious efforts to attract

and locate companies together, so they can exchange resources,

self-organized symbioses emerge from extant “kernels of cooper-

ation” seeking new developments that aim at “cost reduction,

revenue enhancement, or business expansion”. There are many

networks that reflect the workings of both processes (Kilduff and

Tsai, 2003) and area result of a combination between the two:

planned and self-organized. Many IS develop through a “middle-

out approach” (Costa and Ferr~ao, 2010) or through facilitation

processes (Paquin and Howard-Grenville, 2012). These dynamics of

IS emergence were found to shape the structural features of a

developing ISN (Zhang and Chai, 2019).

To describe the development of an IS network, a phase-logic is

proposed and considered by a number of researchers. Chertow

(2007) introduced an ISN development process of three stages

that starts with regional efficiency, continues with regional

learning, and ends with a last stage, in which a sustainable indus-

trial district is created. Later, Chertow and Ehrenfeld (2012) pre-

sented a three-stage complex adaptive system model ranging from

sprouting to uncovering and finally embeddedness and institu-

tionalization of the network.

The emergence of single IS linkages within the network is also

viewed from a phase-perspective by many authors. Dom�enech and

Davies (2011) identified different phases in cooperation between

companies leading to effective IS exchanges and, more recently, Tao

et al. (2019) presented a model with 5 stages classified from the

perspective of the firms. Mortensen and Kørnøv (2019) synthetized

various studies on IS emergence into a process model of three

phases: pre-emergence, emergence, and post emergence. The pre-

emergence includes the initial contextual conditions and the

available (unused) resources that support the emergence of IS. The

emergence phase is described as a process of three sub-phases. The

actors (1) become aware of and interested in IS benefits and

develop a symbiotic idea based on a business interest they might

have, (2) they reach out to possible partners and explore the pos-

sibilities for symbiotic connections, and (3) they prepare for

establishment of IS in an organizing phase. This marks the end of

the emergence phase and the beginning of a post-emergence phase

where the IS is physically established. The IS network develops

from various IS emergence processes that lead to an accumulation

of IS linkages.

An increasing body of recent research refers to capacities that

are built within IS networks through existing symbioses and that

encourage the emergence of new symbiotic linkages. Mortensen

and Kørnøv (2019) find that individual, organizational, and insti-

tutional capacity is built in the process of IS emergence and

development and that this forms the context encouraging emer-

gence of new symbioses. By entering initial symbiotic linkages,

individuals can get a pragmatic and proactive environmental spirit

and awareness, as well as a willingness to contribute to new IS

links. These capacities can be brought by individuals in various

organizational contexts and contribute to increased organizational

capacities. Organizations involved in or acquainted with IS are

more likely to enter new IS linkages than those that are not

involved in IS processes, as these organizations develop organiza-

tional capacities in the form of knowledge about possible partners

and IS benefits, and experience with symbiotic linkages and re-

lations to new partners (Zhu and Ruth, 2014), for example. An

organizational capacity can also be related to the anchoring of

environmental thinking and practices deeper into organizations

and adopting pro-active strategies for considering the company’s

perceptions of issues, needs, resources, and opportunities (Behera

et al., 2012). An accumulation of organizational capacities and the

development of IS linkages leads to the building of an institutional

capacity in a region. Institutional capacity, introduced by Boons and

Spekkink (2012) to the research field of IS, builds on the knowledge

and relational resources accumulated through the IS experience in

the development of IS network and the mobilization capacity of the

actors in the region. Abreu and Ceglia (2018) state that the more

(often facilitative) IS processes are implemented, the more

knowledge of IS and relational linkages are created. Furthermore,

relational resources of organizations involved can increases as the

L. Schlüter et al. / Journal of Cleaner Production 252 (2020) 1196312



coordination process advances. Organizations get to know new

potential partners and enlarge their network of relationships.

Increasing the knowledge and relational capacity can then activate

the mobilization capacity in the region and encourage companies

to enter new symbiotic linkages (Abreu and Ceglia, 2018).

Institutional capacity also refers to the shared views on IS, the

common norms and visions for a region, and the mutual relation-

ships based on trust. These create the context within which IS oc-

curs and define the embeddedness of IS (Boons and Howard-

Grenville, 2009). ISN development is dependent on cognitive, cul-

tural, structural, political, spatial, and temporal embeddedness.

First symbiotic linkages in an IS network can provide shared con-

ceptions of waste and resources, shared conceptualization of issues

(cognitive embeddedness), and initial (social) interactions from

which a more complex symbiotic network structure can develop

(structural embeddedness). These can establish political support

for new symbioses (political embeddedness) within and/or outside

the same geographic region (spatial embeddedness). Furthermore,

the first symbiotic linkages in an IS network can provide a technical

infrastructure, such as technology, equipment, databases, or shared

facilities that are needed for material and energy flows (Vermeulen

and Eilering, 2004) and can additionally encourage and ease new

symbiosis emergence.

To summarize, the literature indicates that an existing involve-

ment of organizational actors in IS linkages can build strong ca-

pacities, embeddedness, and technological infrastructure,

functioning as critical factors that support further IS emergence and

ISN development. These critical factors are expected to affect the

relationship among an existing and a new symbiosis.

It can be challenging to determine to what degree a previous IS

linkage contributed to the development of a specific factor and, in

turn, how crucial this factor is compared to others for future IS

emergence. Nevertheless, the contribution of an existing symbiosis

to the factor as well as the factor’s influence on the emergence of a

new symbiosis can be either insignificant, contributing, or decisive.

The more decisive the factor is on both ends, the more dependent

on the old symbioses the new symbioses can be assumed to be

during the emergence process. A continued dependence is assumed

to be the case if the factor is also decisive for the existence of the

new symbiosis after its emergence. And vice versa, if the factors are

insignificant, then a higher degree of independency between the

existing and new symbiosis is expected to exist.

The present paper builds on and complements the presented

body of research referring to dynamics of IS emergence by shedding

light on a neglected dynamic in the IS emergence process, namely

the reproduction of existing IS. The reproduction of single linkages is

assumed to be influenced by the characteristics of the ISN and the

institutional contexts in which they are embedded. Thus, the study

complements the research referring to knowledge, relational, and

mobilization capacities created by existing IS linkages within ISN

development and their effects on the emergence of new symbiotic

linkages.

3. Methodology

The present paper builds amodel used to identify and categorize

modes through which existing IS linkages reproduce. The model is

subsequently validated and illustrated through application to

multiple cases. Underlying methodologies for both parts of the

paper are presented in the following.

3.1. Building the model

Analogies with biological processes are viewed as an inspiration

for typology, language, and model building in the present study.

The use of analogic thinking is common in the industrial ecology

field. Industrial ecologists traditionally look at industries by anal-

ogy with biology and state that industrial systems should, like

biological ecosystems, minimize waste and maximize the

economical use of materials (Frosch, 1992). Industrial symbiosis, as

part of industrial ecology, reflects the notion of biological symbiotic

relationships in which at least two otherwise unrelated species

exchange materials or energy and mimic ecosystems “by trans-

forming the waste of one firm into the valuable input of another”

(Desrochers, 2002, p. 1031).

Analogic thinking is also a well approved method of tying eco-

nomics and ecology together (Hannon, 1997) and can be described

as an art form useful to gain novel points of view about perplexing

problems. Moreover, analogy building is a common tool used for

generatingmodels (Jaccard and Jacob, 2010). Results of this creative

process can be both “novel (i.e., original, unexpected) and appro-

priate (i.e., useful, adaptive concerning task constraints)”

(Sternberg and Lubart, 1999, p. 3).

Building the IS reproduction model through analogy followed

the steps suggested by Vakili and Shu (2001) for biomimetic

concept generation, while being adapted to fit an industrial rather

than an engineering or design focus. Fig.1 describes each of them in

detail. Literature on biological symbioses was selected and nar-

rowed down to literature on the development of biological sym-

biosis. Then, suitable terms bridging the biological and industrial

fields were identified. To bridge the gap from the industrial term

‘emergence’, the search keywords ‘creation’ and ‘development’

were chosen. In the process of using these keywords, reproduction

processes of organisms were identified as a more attractive ground

for analogy building than the creation processes of actual biological

symbioses. Thus, attention was given to reproduction processes of

corals. More detail on these relevant biological phenomena was

acquired as a last step of the model generation. Even though the

steps behind the development of the model appear to be linear,

several iterations among the steps were taking place.

Processes of coral reproduction (the base) were chosen to serve

as a source of inspiration for the explanation and illustration of IS

reproduction (the target). Corals and industrial symbioses do not

share many object attributes, if any. Thus, the present analogy is

predominantly a relational comparison: That both units of analysis

(coral and IS) can generate another unit of its kind is the relational

structure that applies in both domains. Analogy is used in this

paper to highlight details of this relational commonality, inde-

pendent of the objects in which those relations are embedded

(Gentner et al., 1988). This is also in accordance with the structure-

mapping theory by Gentner (1983) that defines an analogy as a

mapping of knowledge from one domain (the base) into another

(the target), which conveys that a system of relations that holds

among the base objects also holds among the target objects.

A description of this analogic work is presented in section 4.1,

where the biological reproduction processes are analogically con-

nected to the industrial ones and the model is built. The translation

from the biological to the industrial processes had to be conducted

carefully, without using the “often erroneous logic that if things are

alike in some sense, they are alike in others” (Ehrenfeld, 2003, p. 2).

Creating law-like generalizations that promise higher power of

prediction and less uncertainties is tempting but involves dangers.

For example, Penrose (1952) already warned that explanations

created through analogies reduce the value of plausible explana-

tions of the behavior of firms. The model developed in the present

paper should not undermine findings on the behavior of firms

engaging in industrial symbiosis and leave room for, or even

incorporate, these already gained insights. There is also a need for

increased abstraction in the industrial compared to the design

concept generation. The reason is that the aim is not to imitate
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intelligent designs and mechanisms from nature, but to get inspi-

ration from biological processesdthe concept should on no ac-

count assert the claim that IS emergence processes follow exactly

the same laws as the selected biological ones or could be predicted

in the same way. While building the model, industrial equivalents

are thus sometimes close to the actual biological process from

which the metaphor was derived and sometimes are more abstract

or can even deviate from them.

3.2. Validating & illustrating the model

After building the model through the above-mentioned process,

it was applied to multiple cases selected from the symbiosis

network in Aalborg. In an iterative process, insights from this

testing process were incorporated in the model to enhance its

utility.

3.2.1. Case selection criteria

The IS network in Aalborg was selected as a case study based on

two selection criteria: (1) the maturity of the system and (2) the

diversity of the system. The maturity criterion describes that the IS

network should involve a greater number of interconnecting links

in order to have a wide range of resource links to frame into cases.

The diversity criterion supposes that an IS network involves a va-

riety of types of IS performing companies and a variety of resources

being exchanged. These criteria were established to avoid testing

and displaying the model on cases similar in the type of resource

exchange and companies involved, which might prevent its appli-

cation in more diverse contexts.

Regarding matureness, the Aalborg IS network started devel-

oping around 1950 and continuously grew in size, currently having

over 18 established resource exchanges. Through IS-encouraging

projects, several actors in Aalborg now consciously recognize and

Fig. 1. Process of model building adapted from biomimetic concept generation steps by Vakili and Shu (2001). (Dimijian, 2000a; Dimijian, 2000b; Margulis, 2008; Molnar and Gair,

2013; Paracer and Ahmadjian, 2000; Rapuano et al., 2017).
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intentionally pursue network benefits, making Aalborg a rather

mature symbiosis, which is currently transitioning from the stage

of uncovering to the stage of embeddedness and institutionaliza-

tion. Regarding diversity, the Aalborg IS network includes a variety

of resource exchanges, such as heat, water, and liquids. Further-

more, companies from various sectors (such as energy, agriculture,

and construction) in different parts of their supply chains are

involved (e.g. suppliers, manufacturers, and wholesalers/distrib-

uters). There is also a mix of publicly and privately-owned com-

panies involved in the symbiosis.

A strong body of empirical and historical data was expected to

be necessary to apply the reproduction model and to identify and

make sense of the reproduction mode at hand. The first linkages of

the Aalborg ISN reached back far in time. Thus, the collection of

trustworthy data, the application of the model, and the generation

of useful insights was a bigger challenge than might be the case for

younger IS networks or IS networks in which large parts of the

emergence process have already been uncovered and where

changes have been constantly tracked. Even though other mature

and diverse symbiotic networks exist in the world, such as

Kalundborg (Denmark), Kwinana (Australia), and Ulsan (Korea),

deep insights into the historical development and complex data

about relationships among symbiotic linkages were needed for the

application of the model. Due to the availability of data and the

closeness of researchers to the study field of Aalborg, this symbiotic

network was identified as relevant for model application. Applying

the model to other IS mature networks can be relevant for further

development of the model.

3.2.2. Empirical data

The uncovering and mapping of the Aalborg symbiosis network

was conducted over five months in 2018 (see Schlüter and Milani,

2018). Semi-structured interviews and research into grey litera-

ture were conducted not only to map the symbiosis, but also to

make sense of its historical development. A focus was put on the

involved actors, the historical context, and the conditions leading to

emergence of new IS linkages. Data from this work was used in the

analytic process of the present paper.

4. IS reproduction model

Prior to the model presentation, there is a need for describing

the process of mapping knowledge from the base of the analogy,

coral reproduction, to the target of the analogy, reproduction in the

emergence process of IS. Explaining the analogic line of thinking

provides a deeper understanding of the developed IS reproduction

model.

4.1. From coral to IS reproduction

Coral reproduction, in some species, takes place in a circular

order, following the stages of reproducing, settling, and growing

larger. First, a colony releases gamete through broadcast spawning

or brooding, embryos turn into ciliated planula larvae, settle and

metamorphose. Then, the larvae grow into a juvenile polyp and

engage in budding and colony forming. The newly developed col-

ony starts the circle anew by releasing gamete clusters itself

(Richmond and Hunter, 1990).

The reproduction mode called budding only occurs when the

parent organism reaches a certain size (NOAA, 2011). In budding, a

new organism develops from an outgrowth or bud of the parent

polyp and remains attached as it grows (Veron et al., 2016). In some

organisms such as hydra the new individual may separate to exist

independently and bud off from parent polyps once it is mature

(Losos and Johnson, 2012). Polyps, which budded off from their

parent organism, settle to mature individually. The period of set-

tlement is of exceptionally highmortality among corals (Barnes and

Hughes, 1999). In most coral species, however, the buds remain

attached after budding (Encyclopaedia Britannica, 2015).

Broadcast spawning describes the reproductive strategy of a

mature coral releasing bundles of eggs. To compensate for the loss

of offspring during the early developmental stages, significant

quantities of gametes are released (SECORE International, 2013).

The gametes have the capacity to undertake extended ocean voy-

ages (Veron et al., 2016), which facilitates long-distance dispersion

and thereby the creation of genetic links between one reef region

and another. Larvae from broadcast spawning may reside as

plankton in the water column for up to several weeks (SECORE

International, 2013). Corals can create clones from embryos that

have been dispersed in the water because coral embryos are able to

reorganize their bodies to form anew. This means that when a coral

embryo is damaged, it may end up turning into twins (Heyward and

Negri, 2012).

A mode of reproduction similar to broadcast spawning is

brooding. The difference is that eggs are fertilized, and embryos are

maintained internally until they reach the larval stage of develop-

ment (Foster and Gilmour, 2018). In the brooding mode of repro-

duction, usually relatively few and large larvae are released

(SECORE International, 2016). In contrast to broadcast spawned

larvae, brooded larvae are available for amuch longer time andmay

be immediately ready for settlement after dispersion (SECORE

International, 2013). In both broadcast spawning and brooding,

the resulting larvae disperse, settle to the ocean floor, and attach to

a hard surface (NOAA, 2011) before they form a new coral polyp

(Combosch and Vollmer, 2013).

After settling and maturing, corals can engage in further pro-

cesses. Corals can form further aggregates or colonies when the

conditions are suitable (Encyclopaedia Britannica, 2015) through

extended budding (Veron et al., 2016). The increase in size of col-

onies goes along with an immunity to risk of predation or me-

chanical damage (Barnes and Hughes, 1999). When coral colonies

reach a certain size, they are described to engage in further broad-

cast spawning or brooding (Toh et al., 2013). However, due to

stressful events such as coral bleaching, a division of colonies might

take place. Single polyps may abandon their colony in a process

called bail-out (Sammarco, 1982). Among certain reef-building

corals, even an entire colony may branch off from the coral in a

process called fragmentation, caused by external shocks such as a

storm or boat grounding (Highsmith, 1982).

By translating these reproductive biological processes and

applying them to the industrial system, several analogies could be

established. Fig. 2 presents an overview of these.

As it can be seen, industrial symbiosis is interpreted to “repro-

duce” through different processes analogous to the biological

reproduction of corals. Both the biological and the industrial pro-

cesses were found to show a pre-emergence stage, with a baseline

established by previously existing symbioses/organisms. The

following biological phases of reproducing and settling are remi-

niscent of the IS emergence and establishment phase, as presented

by Mortensen and Kørnøv (2019). A process of growing larger then

follows in the development of corals. This is analogous to the post-

emergence phase of industrial symbioses, in which an IS network

can develop.

Looking closer at these phases, we can see that in the emergence

phase, IS can emerge through the influence of existing symbiotic

linkages with varying degrees of intention and dependence

(budding, broadcast spawning, or brooding). In all three repro-

ductive modes, actors make use of the knowledge, experience,

relational, and mobilization capacity accumulated by the initial

symbiosis to develop a new symbiotic linkage. When new
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symbiotic linkages are created, an ‘establishment’ phasewill follow.

Here (connectivity and dependence) relationships among existing

and new symbioses develop (high dependency in budding, no de-

pendency through brooding and broadcast spawning). The newly

emerged industrial symbiosis becomes established, often as one of

the linkages in a larger symbiotic network contributing to the

network development. Once the new symbiotic linkages are

established, the post-emergence phase of the present process is

Fig. 2. Overview of analogies from coral to IS reproduction.
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reached. The network can continue developing with new repro-

ductive processes following. Depending on the connectivity and

dependence relationships among the symbiotic linkages that

developed, the symbiotic network can present different charac-

teristics: a well-integrated network with rich linkages among

symbioses is perceived as a colony formation, while a dispersed

symbiotic network with little dependence and reliance on shared

assets between the symbioses will present characteristics of a

colony division.

4.2. Presentation of the IS reproduction model

A closer look at the processual phases and their characteristics

in Fig. 2 allowed the development of a model solely addressing the

industrial context. Fig. 3 visualizes the outcome of this process and

presents the model of IS reproduction.

The conceptual model of IS reproduction supposes that a new

symbiosis emerges through influence of an existing symbiosis

through one or more of the following reproduction modes:

“budding” (1a), “broadcast spawning” (1b), and “brooding” (1c).

The model also includes further processes, which are related to IS

connectivity and/or dependence in the emergence process, namely

“staying attached” (2a), “budding off” (2b), “cloning” (2c), and

“settling” (2d), or relate to IS interconnectivity in the post-

emergence process, namely “colony forming” (3a), “further repro-

duction” (3b), and “colony division” (3c).

IS budding (1a) occurs when two companies develop a symbiotic

relationship to each other because of a direct and purposely-

exerted influence of companies engaged in a similar symbiosis,

often in close proximity. The new symbiosis is dependent on the

parent symbiosis as it emerges, for example through shared infra-

structure, production processes, a common symbiont and existing

relational resources, or other factors guaranteeing the commercial

viability of the new symbiosis. After budding (1a), the two symbi-

oses either remain connected by “staying attached” (2a) or part by

“budding off” (2b).

In IS broadcast spawning (1b), symbioses emerge if the needed

impetus is given by an existing symbiosis, sometimes even in

geographic distance. This impetus can be knowledge relevant for

industrial symbiosis emergence, such as knowledge on relevant

technologies, available resources, or established relationship to

potential symbiosis partners, spread among and across industries

and regional and national borders. Explicit knowledge is spread by

symbionts of an existing symbiosis through project, research, and

communication work, which are available for a long time period,

but are only rarely picked up and utilized to make a new symbiosis

emerge. Developing symbioses from broadcast spawning is highly

influenced by the absorptive capacity of the firms in question.

Broadcast spawning is also characterized by the fact that in an early

stage of emergence, contrary to budding, the symbioses are not

dependent on each other. Symbioses that emerged through

broadcast spawning can clone themselves (2c) or settle directly

(2d).

In IS brooding (1c), contrary to broadcast spawning, knowledge

is not randomly “broadcast,” but rather made available for new

symbiosis emergence by actors of the existing symbiosis acting as

‘change agents’. Actors engaged in existing symbiosis, even if

located in geographical distance, mobilize and make noticeable

efforts to share knowledge to facilitate implementation of new

symbioses. Brooding can either happen through explicit knowledge

being readily codified and articulated between the actors in the two

symbioses, or if the knowledge necessary to be exchanged is tacit,

through more frequent interactions between companies

(Dom�enech and Davies, 2011). Knowledge from brooding is easier

and more quickly applicable to generate a new symbiosis than

broadcast spawning; however, the new symbiosis is closer con-

nected to the parent symbiosis during the emergence process.

Brooded symbioses can clone themselves (2c) or settle directly

(2d).

When staying attached (2a) an industrial symbiosis remains

dependent on the symbiosis that influenced its emergence. While a

connection is a relationship inwhich the new symbiosis is linked or

associated with another, for example through shared partners,

material markets, or facilitators, a dependence can be observed if

the new symbiosis is relying on or being controlled by the older

symbiosis, for example through shared infrastructure or production

Fig. 3. Model of IS reproduction.
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processes. When symbioses stay attached to each other, they

“settle” (2d) as dependent symbioses.

When budding off (2b), the new symbiosis might still be con-

nected to the parent symbiosis but becomes independent from it.

When a symbiosis buds off, it “settles” (2d) as an independent

symbiosis.

After a first impetus in an early stage of industrial symbiosis

emergence, such as broadcast spawning (1b), brooding (1c) or non-

reproductive emergence factors, two symbioses can emerge

simultaneously in a cloning (2c) process, and can be connected, or

even dependent on each other.

Settling (2d) refers to the stage in which commercial viability is

assured and the symbiosis is formally established. In this phase,

strong contractual mechanisms are beneficial to formally estab-

lishing symbiotic relationships (Albino et al., 2016). At the end of

the stage of settling, one can observe, depending on the previous

steps, either individual existence of the newly emerged symbiosis

or a symbiosis dependent on others.

After the emergence phase, the new symbiosis can theoretically

form colonies through continued budding (3a) and even engage in

further reproduction through broadcast spawning or brooding (3b).

In addition, connected symbioses or built colonies can intentionally

or unintentionally divide, leading to new individual symbioses that

settle again (3c).

In an IS sense, colony forming (3a) through further budding can

be described as a more advanced process, in which single or con-

nected symbioses promote further emergence of symbioses, which

are dependent on it. This leads to the development of a well-

integrated and dense symbiotic network.

One can also imagine that actors, after having acquired knowl-

edge and relational capacities through the emergence process, can

mobilize these and themselves engage in further IS reproduction

through broadcast spawning and brooding (3b) and promote the

emergence of other symbioses.

Colony division (3c) can also take place. Industrially viewed, if a

single symbiosis becomes independent from the symbioses with

which it is connected, it can be considered bail-out. If more than

one symbiosis collectively leaves a larger group of connected in-

dustrial symbioses, it can be considered an equivalent to a frag-

mentation process. Such dynamics can lead to a dispersed and

fragmented symbiotic network with few linkages and connections

among symbiotic linkages.

Reproduction of IS, just like coral reproduction, does not follow a

linear process. It becomes apparent that further activities after the

emergence of the symbiosis lead to a circular and highly iterative

process. Through colony formation (3a) or further reproduction

(3b), the new symbiosis continues the circle of reproduction and

engages in budding, broadcast spawning, or brooding, developing

the symbiotic network further.

5. Illustration of IS reproduction model

The following section applies the model to case studies to vali-

date and illustrate it. First, the cases from the Aalborg symbiosis

network are presented. Subsequently they are analyzed through

the lens of the IS reproduction model.

5.1. Introducing the Aalborg symbiosis network and selected cases

The symbiosis network in Aalborg developed starting in the

1950s and was recently uncovered by Schlüter and Milani (2018).

The development of the ISN in Aalborg was relatively unplanned

and developed mostly through self-organizing processes. The first

‘planned’ initiative to support this development took place be-

tween 2013 and 2015, when the business authority of the Danish

government funded a task force to support IS emergence by offer-

ing companies a free resource check. Through this initiative, con-

nections were developed in themunicipality of Aalborgwith a clear

agenda (Danish Business Authority, 2015). Since 2016, strategic

initiatives, such as the “Environmentþþ

” and “Sustainable syn-

ergies”1 projects, and were developed in Aalborg, aiming at the

facilitation of IS emergence and the creation of common ground for

further development of the network.

The IS definition of the displayed mapping by Schlüter and

Milani (2018), which is also used in this study, only takes into ac-

count industrial symbioses that focus on exchanges of resources

(materials, water, and energy), leaving out the sharing of assets

such as personnel, equipment, services, or information. Exchanges

that take place within a facility, firm or organization, or through

third parties, which provide a treatment of the resource that goes

beyond trade and logistic services are similarly excluded. Moreover,

the figure illustrates symbiotic linkages with actors within or

neighboring the same geographical area: Aalborg municipality.

According to this definition, 18 symbioses among 17 industrial ac-

tors were identified. There were 11 exchanges of materials or liq-

uids and 7 exchanges of heating or cooling. A further examination

of thesemade it possible to detect similar resource transactions and

shared symbionts between symbioses. This led to the identification

of the 4 cases towhich the IS reproduction model is applied. Table 1

presents the four cases, as highlighted in the previous illustration,

in detail (including year of emergence, sender, resource exchanged,

and receiver).

As it can be seen in Table 1, Case 1 includes the symbiotic re-

lations among North Jutland Power Station (NPS), Aalborg Portland,

and Colas Denmark. It is based on the delivery of fly ash fromNPS to

cement producer Aalborg Portland and asphalt producer Colas

Denmark. Thus, NPS is the connection point between these

symbioses.

Case 2 encompasses the symbioses among a number of com-

panies (NPS, Aalborg Portland, Aalborg Utility (Water), Reno Nord,

the local crematory, and Alfa Laval) delivering heat to the local

district heating provider, Aalborg Utility (Heat). Aalborg Utility

(Heat) is the connecting point between theses symbioses.

Case 3 addresses the symbioses between Desmi, Salling Con-

struction company and thre furniture producer Mani Pine. It is

based on the delivery of steel bolts from Desmi, a pump solution

provider, and used wood from the demolishing company Salling

Construction company to Mani Pine, making the last the connec-

tion point between the symbioses.

Case 4 includes the symbiotic relation between NPS and Aalborg

Portland. It is based on the delivery of chalk slurry from cement

producer Aalborg Portland to NPS and the return of gypsum from

NPS to Aalborg Portland, which is further used in cement

production.

More details on the four cases can be found at the Environ-

mentþþ initiative’s webpage (The Danish Centre for Environmental

Assessment, 2018) and in the study by Schlüter and Milani (2018).

The cases selected as symbioses were connected through a

shared symbiont or exchanged the same type of resource. It was

therefore assumed that the symbioses grouped into cases have

relevant reproduction factors playing a role in their emergence

processes.

5.2. Reproduction of industrial symbiosis in the selected cases

Reproduction was identified as part of the emergence and

1 see Port of Aalborg and Aalborg University (2017) and Aalborg University (2018)

respectively for further information on these projects.
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development process in the four analyzed cases to varying degrees,

following distinct pathways in the IS reproduction model. In the

following, each case analysis includes a brief introduction of the

symbioses that are grouped into the respective case, before an

overview of their reproductive pathways is given, with a figure

visualizing the pathway. Then, the analysis of the symbioses’

emergence processes with the IS reproduction model is presented

in detail, starting with the oldest symbiosis.

5.2.1. Case 1: fly ash symbioses

This case addresses the symbiosis between NPS and Aalborg

Portland and the symbiosis between NPS and Colas Denmark. The

material exchanged in both symbioses is fly ash.

As Fig. 5 indicates, the emergence of the first symbiosis is an

example of reproduction through broadcast spawning (1b). The

emergence process skipped cloning (2c) and the new symbiosis

directly settled. The newly established symbiosis itself engaged in

further reproduction (3b) and led to the emergence of another

symbiosis through brooding (1c). The emergence processes in this

case resulted in two established and connected, but not interde-

pendent symbioses.

Broadcast spawning (1b) leads to IS emergence: Even though the

symbiosis between NPS and Aalborg Portland can be tracked back

to 1977, the potential for using fly ash, a by-product of coal com-

bustion, as a supplementary cementitious material in concrete has

been known almost since the start of the last century (Thomas

Fig. 4. Cases selected in Aalborg’s Industrial Symbiosis network based on Schlüter and Milani (2018).

Table 1

Cases of Industrial Symbioses selected from the Aalborg Symbiosis Network.

Sender Resource Receiver Year

Case 1 North Jutland Power Station Fly Ash Aalborg Portland 1977

North Jutland Power Station Fly Ash Colas Denmark 1980s

Case 2 North Jutland Power Station Heat Aalborg Utility (Heat) 1953

Aalborg Portland Heat Aalborg Utility (Heat) 1990

Aalborg Utility (Water) Heat Aalborg Utility (Heat) 1990s

Reno Nord Heat Aalborg Utility (Heat) 1991

Crematory Heat Aalborg Utility (Heat) 2010

Alfa Laval Heat Aalborg Utility (Heat) 2014

Case 3 Desmi Steel Bolts Mani Pine 2015

Salling Construction company Wood Mani Pine 2015

Case 4 Aalborg Portland Chalk Slurry North Jutland Power Station 1998

North Jutland Power Station Gypsum Portland 1998
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et al., 2017). The impetus for the symbiosis emergence occurred

outside of the regional system and represents an example of

broadcast spawning: When the first oil crisis in 1973 was followed

by an increased usage of coal in power generation and rising

amounts of fly ash, new investigations into fly ash’s potential use

were conducted. After other countries already had experience with

applications of fly ash in the asphalt industry (Emineral, 2018), in

1977, several parties and industries started investigating the use of

fly ash in various applications in Denmark (Aalborg Portland, 1977).

Technical and economic possibilities of exploiting power plants’ fly

ash in cement productionwere evaluated by electricity associations

and industrial actors, including the cement concern Aalborg Port-

land and the local cement factory in Aalborg (Aalborg Portland,

1977). The emergence process of these symbioses is reminiscent

broadcast spawning because their emergence was not only based

on previous collaborations, technical developments, and the mo-

mentum in the industries, but was built onworldwide exchanges of

fly ash and several early symbioses of the same nature worldwide

(see e.g. Halsted, 1948; Goss, 2008). The knowledge exchanges

following these early symbioses were not directly targeted at

supporting this specific symbiosis emergence in Aalborg, but,

nevertheless, contributed decisively to it. As characteristic for

broadcast spawning, the symbiosis of fly ash between Aalborg

Portland and NPS was, even though influenced by them, not

dependent on the previously existing international fly ash symbi-

oses during or after its emergence stage.

Settling (2d) leads to IS establishment: An important part of the

settling phase of this symbiosis was the setup of a nation-wide

trade organization, which would centralize sales and distribution

of fly ash for the cement and concrete industry, called Emineral.

After the symbiosis between NPS and Aalborg Portland started in

1977, it was formally established in its current form through the

setup of Emineral in 1979 (Emineral, 2018).

Further reproduction (3b) through brooding (1c): Aalborg Port-

land was, because of their accumulated organizational capacity

(knowledge and relational resources accumulated, experience with

fly ash), involved in the setup of Emineral. With the start of

Emineral’s work, a sales campaign for the country’s concrete fac-

tories was initiated, which led to further symbioses emergence

(Emineral, 2018). One of these symbioses was the delivery of fly ash

to Colas Denmark in Aalborg. Colas Denmark stepped into this

existing market of fly ash exchange, partly initiated by Aalborg

Portland’s and NPS’s pilot project of fly ash exchange. Its emergence

was influenced by further reproductive activities, namely brooding

(1c) of this previously established symbiosis. Both local fly ash

symbioses are dependent on the supply of fly ash from NPS and

other power plants in Denmark. Besides having a shared symbiont

and being located in geographic proximity, they are however only

connected through this shared market of fly ash and not dependent

on each other.

5.2.2. Case 2: heat symbioses among various companies

This case encompasses the emergence of six heat symbioses

between Aalborg Utility (Heat) and a number of companies (Reno

Nord, NPS, Aalborg Utility (Water), Aalborg Portland, Crematory,

and Alfa Laval).

The emergence process of the first symbiosis of this case is

reminiscent of reproduction through broadcast spawning (1b). This

symbiosis became established through settling (2d) before an

extensive colony between Aalborg Utility (Heat) and a group of

companies in Aalborg formed (3b). As Fig. 6 indicates, through

several processes of budding, new symbioses were added to the

colony, resulting in six established, interconnected symbioses in

one colony that show various dependencies between each other.

Broadcast Spawning (1b) leads to IS emergence. The first sym-

biosis within the district heating system in Aalborg, emerged be-

tween Aalborg Utility (Heat) and the coal-fired power plant, NPS. In

Aalborg, the first use of excess heat was established around 1948,

when the power plant of the city, called Nordkraft, used excess heat

to provide a public bathing institution to the city’s citizens. Around

this time, the first small pipe was installed from the power plant to

the city centre, supplying heat for only a few blocks of houses, but

marking the beginning of the district heating network and heat

symbiosis in Aalborg (J.M. Larsen, personal communication, April

Fig. 5. Reproduction pathway in the IS emergence processes of Case 1. Fig. 6. Reproduction pathway in the IS emergence processes of Case 2.
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24, 2018). The utilization of excess heat, however, was by no means

the first in Denmark. The first combined heat and power plant in

Denmark, a waste incineration plant, was built in 1903 with the

core purpose of supplying a large hospital with electricity and heat

(Danish Energy Agency, 2012). A collective district heating (DH)

system started to develop in some Danish cities like Copenhagen,

mostly based onwaste heat from local electricity production, in the

1920s and 1930s. In 1953, district heating was introduced on a

municipal level (Hørmann, 2005). The first use of excess heat in

Aalborg can thus be seen within the bigger picture of DH network

development in the whole country. While most likely influenced by

these parallel developing symbioses, a clear and purposely directed

initiative influencing the symbiosis in Aalborg could not be iden-

tified. Thus, it cannot represent a brooding reproductive mecha-

nism, but broadcast spawning. As characteristic for broadcast

spawning, the newly emerged symbiosis in Aalborg was not

directly dependent on previous symbioses during its emergence

phase.

Later this initial symbiosis settles (2d) and further develops

leading to emergence of new symbioses. Several factors influenced

its further development. A new combined heat-and-power (CHP)

plant called NPS was opened in Vodskov in 1967 (Aalborg

Forsyning, 2018) and in 1997, Nordkraft, the power plant in the

city centre, stopped electricity production (Nordkraft Event, 2015).

A third unit entered service at the NPS in 1998 and provided a

notably larger supply of heat to the DH network than the older

units. This stronger symbiosis provided the basis for further sym-

biotic developments and colony formation (3d).

The first “bud” created with influence from the previously

described symbiosis was the delivery of heat from cement producer

Aalborg Portland in 1990. Four kilns of the Aalborg Portland cement

factory added a substantial amount of heat to the DH network (B.O.

Borup, personal communication, May 8, 2018). Another bud, in the

form of heat from the Reno Nord waste incineration plant, was

added in 1991 (I/S Reno-Nord, 2018). These three first symbioses, of

Aalborg’s DH provider with the coal-fired CHP plant, waste incin-

eration plant, and Aalborg Portland, today are still the most

important contributors in terms of amount to the DH network

(Aalborg Energikoncern, 2018). Later in the 1990s, a heat symbiosis

with the local wastewater treatment plants emerged, and in 2010

and 2014, excess heat from Alfa Laval and from the local crematory,

respectively, were added to the DH network. The interconnectivity

of DH symbioses played a role in terms of long-term set-up and

emergences of new symbioses. Political decisions led to increases

and decreases in heat supply from specific sources. This influenced

the strengthdand even existencedof symbioses in the network.

One example for this case is the increasingly budded industrial heat

symbioses. Aalborg Municipality has a clear energy strategy aiming

at a reduction of energy from coal. The focus, and thus the strength

of resource exchanges, is shifted from the coal-fired power plant to

industrial heat sources. Connected to these influences are further

“buds”, whichmight be added in the future as the delivery of excess

heat from other industrial players is continuously in discussion

(Miljø-og Energiforvaltningen, 2015). The symbioses are inter-

connected through the level of heat consumption activity of the

local households determining the demand of heat (Sacchi and

Ramsheva, 2017), the shared pipeline system, and through Aal-

borg Utility (Heat) as a shared symbiont managing this network.

This interconnectivity is crucial during and also after the emer-

gence process of the symbioses in two ways: On the one hand, the

interconnectivity goes along with a fluctuation of the heat fed into

the system from the different sources. Fluctuations can take place

through changes in demand for a primary product (like cement) or

supply (like municipal solid waste) in one of the symbioses (Sacchi

and Ramsheva, 2017). On the other hand, not only the amount, but

also the quality of heat delivered influences the characteristics:

Heat injected in the pipes from Aalborg Portland that does not

reach 80� is for example completed by the CHP plant (R. Sacchi,

personal communication, April 13, 2018). The CHP plant also covers

for short-term variations in heat demand throughout the year

(Sacchi and Ramsheva, 2017). Thus, there is a dynamic interplay

between the symbioses during the year.

5.2.3. Case 3: steel bolts and wood symbioses

This case is about the symbioses in which Desmi and Salling

Construction company deliver steel bolts and used wood to furni-

ture producer Mani Pine.

It was not possible to identify reproductive factors that led to the

emergence of the two symbioses. As depicted in Fig. 7, the symbi-

oses came about through a non-reproductive emergence process.

Nevertheless, later parts of the emergence process involve inter-

connectivity through cloning (2c) followed by settling (2d),

resulting in two connected, but independent symbioses.

In 2015, after a rapid growth, furniture producer Mani Pine

needed high-quality used wood for the manufacturing of their

furniture. The Network for Sustainable Business Development

North Denmark (NBEN) built the necessary link to the construction

company Salling. This company, which is engaged in the demolition

of old buildings and aims at recycling as much material as possible,

was interested in finding another customer for thewood recovered.

Another company, pump solution provider Desmi, was interested in

profiting from an excess of steel bolts from packaging of supplied

pump parts. No connection to other, previously emerged symbioses

could be identified in this emergence process.

However, the two symbioses shared a common impetus in an

early stage of their development, which is reminiscent of cloning

(2c): Mani Pine’s ambition to include used materials in their

products, and the symbiosis facilitator NBEN. The resources from

both companies were suitable for Mani Pine’s furniture production

and therefore both symbioses emerged around the same time

(Netværk for Bæredygtig Erhvervsudvikling NordDanmark, 2016b).

After the emergence process, the two symbioses settled (2d) and

remained connected through the shared symbiont Mani Pine, but

are not dependent on each other’s existence.

Fig. 7. Reproduction pathway in the IS emergence processes of Case 3.
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5.2.4. Case 4: gypsum and chalk slurry symbioses

This case addresses two symbioses: The delivery of chalk slurry

fromAalborg Portland to NPS, and the delivery of gypsum fromNPS

back to Aalborg Portland.

As illustrated in Fig. 8, the emergence of both symbioses that

emerged at the same time is connected to a specific form of

budding (1a). Later parts of the development process can be

explained by looking at the processes of cloning (2c), followed by

the symbioses settling together (2d) as two interdependent

symbioses.

IS emergence through Budding (1a): Both symbioses came about

through a budding process to a previously existing symbiosis. This

previous symbiosis was between NPS and purchasers of sulphuric

acid. Power unit 2 at the plant, which had operated since 1977,

produced sulphuric acid as a by-product. However, there were

many obstacles with this symbiosis, mainly technical in nature,

such as the difficulty to control the sulphuric acid flue. Moreover,

the production was a health risk for the employees and the price of

sulphuric acid dropped during the 1990s. When unit 2 was close to

the end of its lifespan, the managers of NPS decided to analyze the

different options available for the construction and by-product

generation of a new power unit. The choice was the implementa-

tion of a power unit that could produce gypsum out of the chalk

used to filter the flue gas (J.B. Jensen, F.V. Nielsen, personal

communication, May 9, 2018). When the unit was built, the chalk

necessary for the filtering process was delivered to NPS from an

open mine in Aggersund for approximately two months in 1998

(J.B. Jensen, F.V. Nielsen, personal communication, May 9, 2018).

After that, a business partnership with Aalborg Portland was

established, where Aalborg Portland delivered the needed chalk

slurry to NPS and in return received the gypsum to use in their

production of cement. A special lorry was built with particular

technical requirements to transport both materials, commuting

from one company to the other (B.O. Borup, personal communi-

cation, May 8, 2018).

In this case, it can be observed that the emergence of the two

symbioses was connected to the previous symbiosis of sulphuric

acid delivery, and emerged in close proximity to it through budding

off (2b), one of the possible pathways after budding (1a). The sul-

phuric acid symbiosis, however, came to an end as the new sym-

biosis emerged. Looking back to our biological equivalents, in some

species of corals we can observe an unusual habit of forming buds

primarily when the parent is moribund or injured, a process known

as the “Phoenix effect” (Goldberg, 2013). The reproduction occur-

ring in this industrial symbiosis is reminiscent of this unusual

biological form of budding.

The end of one existing symbiosis gave rise to a new emergence

process resulting in two new symbioses. The emergence of both

symbioses had the shared impetus of the construction of a new unit

at the city’s power plant, characterizing the developmental dy-

namic of cloning (2c). These two new symbioses settled (2d)

dependent on each other and continue to be dependent along their

development.

6. Discussion

The application of the IS reproduction model to cases in Aalborg

proved to be viable. Analysing the four cases using the developed

model showed that IS can emerge and develop as the model pre-

dicts. IS emergence and development in the selected cases followed

the processes indicated in the model, thus validating the model.

This finding makes the model a relevant tool for understanding IS

emergence and network development through the connectivity

among both new and old symbiotic linkages.

While the model could be applied to all cases, several aspects

require attention and need to be addressed. Connections and de-

pendencies between symbioses could be identified in all cases, but

the path and the intensity of reproduction modes varied in the

different cases. Moreover, the symbioses’ interconnectedness over

time varied, and overall ISN dynamics were found to influence the

reproductive processes.

The path of reproductive IS emergence and development pro-

cesses showed no recognizable pattern in the different cases, which

stresses the equal importance of all processes indicated in the

model. Even if no development trajectory appeared to be the same,

a common reproductive pathway unifying all symbioses studied

was identified: the settling process. After the emergence phase

(either through broadcast spawning in cases 1 and 2, or budding off

in Case 4, or cloning in cases 3 and 4) a settling process (2d) fol-

lowed, before further development of the symbiosis took place.

This finding enriches and validates the reproductive modes repre-

sented in the model. While settling appeared to be a case-

encompassing process, the optionality of the “cloning” process

became very clear. The first symbioses in two out of four cases

skipped the cloning process and developed as single symbioses.

The critical reproductive factors determined through the previous

literature review were recognized in the application of the cases.

One example is the district heating network in Case 2, where, once

the first IS linkages were established, existing infrastructure such as

a shared transportation net between different symbionts enabled

local colony building (3b). The second case also involved the local

heat supplier as a connection point, which was found to be decisive

for colony building in an early phase of IS network development.

Other critical factors that affected IS emergence were found to be

the varying actors, their individual organizational capacity, and the

accumulated institutional capacity in the geographic area.

Another point is the intensity of reproduction modes that was

found to vary across the analyzed cases. The connection of newly

emerging to old symbioses was for example strong in Case 2, where

various heat flows led to the same company and an extended col-

ony of symbioses formed. In comparison, in Case 3, the only con-

necting factor between the two symbioses was the presence of a

Fig. 8. Reproduction pathway in the IS emergence processes of Case 4.
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facilitator. More factors contributing to the interconnectivity be-

tween symbioses were however not shown to necessarily mean

dependence. Symbioses were found to be connected through fac-

tors such as shared symbionts (Aalborg Portland, Aalborg Utility

(heat), and Mani Pine) or a shared impetus of emergence (as the

facilitator in Case 3) without being necessarily dependent on each

other during or after their emergence process. Even though budded

symbioses represented a high degree of interconnectedness in Case

2, they were by no means isolated from outside influences and

authorities. If anything, especially budded, interdependent symbi-

oses potentially share the same influencersdwhich can be actors or

economic, regulatory, and technical factors. The symbioses were

even found to influence each other negatively (based on competi-

tion) depending on outside influences.

Interconnection and interdependence were found to be dynamic

over time. Newly emerged symbioses can be interconnected or

dependent on each other, even if they did not come about through

the influence of other symbioses, as Case 3 showed. Moreover, Case

4 suggested that previously dependent symbioses can become in-

dependent and that “budding off” (2b) is a process that can also be

observed in the industrial case. A budded symbiosis (1a) could

survive independently when it reached a mature state, even if the

parent symbiosis came to an end. The same symbiosis reached a

new, different state of dependence afterwards, as it engaged in

cloning (2c), sharing symbionts and transportation modes with

another symbiosis. Case 3 stresses the importance of viewing the

emergence and development as interconnected, long-term pro-

cesses. After emerging through non-reproductive processes, the

symbioses showed that in cloning (2d), twin symbioses emerging

at the same time can have a shared symbiont but continue to exist

independently. Interconnection and dependence are thus not

phenomena exclusive to reproductive emergence processes but can

also be found at later stages of IS development. Nevertheless,

connections and dependencies related to other existing symbioses

were mostly observed as starting in the emergence phase of the

symbiosis, indicating that this is an important phase determining

the early relations to other symbioses.

A varying role of reproduction modes was noticed in different

ISN development stages and ISN dynamics. Looking at the devel-

opment of the ISN in Aalborg (Fig. 4) through the lens of Chertow’s

(2007) phase-logic, the symbioses in cases 1, 2, and 4 belong to the

initial period of self-organization for reasons of economic effi-

ciency, while symbioses in Case 3 were added to the network

through facilitated interfirm exchange. In cases 1 and 2, broadcast

spawning was especially important at a young age of the ISN

development, when few resource exchanges existed and when

there was no strong facilitation structure in place. In contrast, Case

3 showed vividly how in a later stage of Aalborg’s ISN development,

facilitated symbioses emergewithout connection to or dependence

on existing symbioses, due to structural embeddedness and the

accumulated mobilization capacity created by Aalborg’s strong

coordinators. The current case analysis presents the model as an

interesting starting point for a discussion of differences in repro-

ductive modes of self-organized and facilitated IS. Further research

and application of themodel to other cases (especially on facilitated

symbiosis) is needed to be able to understand the exact connection

between the different dynamics and reproductive modes of IS

emergence. An application of the model to more middle-out and

facilitated emergence processes is recommended to engage in a

deeper analysis.

Previous studies mainly focussed on the right circumstances for

IS to flourish and provided valuable insights, e.g. on the individual,

organizational, and institutional capacities and embeddedness

required for IS emergence (Boons and Spekkink, 2012). This study

used the available knowledge on industrial symbiosis emergence,

but went beyond the exiting literature by changing the perspective

and zooming in on the effect of existing symbioses on the emer-

gence of new ones. This relation was proven to exist and to follow

specific pathways as shown in the model developed.

7. Conclusion

The present study has focused on answering the research

question of “How does an ISN develop through connectivity or

dependence between existing and emerging IS linkages?” By doing so,

the research addressed a gap in current IS literature, analysing the

role of connectivity and dependencies between symbioses in the IS

emergence and ISN development process. The conceptual model

developed was shown to be a useful tool to seek answers to the

research question and to gain a new perspective on the develop-

ment of IS networks. Themodel allows insights into an IS network’s

level of interconnectedness and illustrates the level of collabora-

tion, knowledge diffusion, and mobilization capabilities of actors

within and beyond the regional IS network.

After using the IS reproduction model, the relation between

existing symbioses and new IS emergence was proven to exist and

to follow specific pathways as shown in themodel developed. It can

be stated that the emergence of IS through reproduction leads to

the development of the ISN by following different reproductive

modes and paths and presenting varying degrees of inter-

connectivity among existing and new symbioses. Moreover, the

symbioses’ interconnectedness over time varied, and overall ISN

dynamics were found to influence the reproductive processes. Even

though IS reproduction was found to be an important factor to be

considered in IS emergence, it cannot be claimed that the repro-

duction model encompasses the complete web of factors affecting

IS emergence. An existing IS linkage could in no case be identified

as the single driver for a new IS emergence. IS reproduction is thus

one of several dynamics in the IS emergence process.

The conceptual model allows IS researchers to clearly identify

reproductive processes involved in the IS emergence and ISN

development process. Governmental, academic, and industrial IS

practitioners can gain an enhanced understanding of how existing

IS linkages facilitate new IS emergence. A discussion and articula-

tion of factors of dependence and connectivity between industrial

symbioses facilitated by the presented model is expected to sup-

port better choices for enabling further sustainable industrial

development.

A counterpart to the macro-level, inter-organizational IS can be

Cleaner Production (CP) initiatives CP practices have been shown to

foster the implementation of circular economy principles at the

industry level (Sousa-Zomer et al., 2018). In turn, the development

of an interconnected IS network and the associated increase in

awareness of the importance of resource efficiency can also pro-

mote the initiation of relevant internal CP practices leading to

waste and pollution prevention. Combining inter-organizational

waste exchanges through IS with intra-organizational waste

reduction activities according to CP principles is necessary to create

an industrial system in which resource loops are not only closed,

but also narrowed and slowed. The presented IS reproduction

model can inspire CP researchers to conduct supporting research

addressing the role of the mentioned reproductive processes for

the emergence of CP practices. These insights could be merged into

an overarching model of sustainable industrial network

development.

The presented new perspective on IS emergence also opens up

other possibilities and issues that require further research. The

developed conceptual model has proven useful to highlight char-

acteristics of connectivity and dependence between symbioses,

which refers to the ISN structure. To gain more insights into the
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dynamics of a specific IS and to measure the interconnectedness

and dependency among symbiotic linkages at network level, an

analysis of the overall ISN structure and the degree of centrality is

recommended. Through social network analysis, also key re-

lationships, roles, and themes can be identified in the ISN, as

recently demonstrated by Song et al. (2018). Using both social

network analysis and the presented reproduction model as tools

can lead to further insights into how actors, their roles, relations,

and involvement in existing symbioses lead to new IS emergence.

The role of common symbionts and geographical proximity for

interdependence and connection among symbioses within an ISN

is another point to be investigated in this context. As the applica-

tion of the model in the present study puts a strong focus on the

emergence phase, further research on symbioses in the post-

emergence phase is necessary. Developments of IS that influence

critical reproductive factors within a network are one of the topics

to address within such research. Analyzing how exactly an IS

network is formed through thematuring or division of IS colonies is

also viewed as promising for the further development of the model.

Shedding light on these aspects is thought to enrich the field of IS

and contribute to both the understanding of IS network formation

and development.
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5.3 ON CONCEPTUALIZATION OF INDUSTRIAL SYMBIOSIS 
EMERGENCE AND FACTORS FACILITATING IT 

Although both Mortensen and Kørnøv (cf. 2019 #1) and Schlüter et al. (cf. 2020 #4) 
engage with analogies to biological systems to explain the IS emergence process, the 
conceptualizations of IS emergence differ. Mortensen and Kørnøv (cf. 2019 #1) make 
an analogy to the emergence of plant seedlings that are dependent on the soil 
(contextual) conditions they are in, while Schlüter et al. (cf. 2020 #4) make an analogy 
to coral reproduction processes, where emergence of a new organism depends more 
on another organism than the contextual conditions. Furthermore, Schlüter et al. (cf. 
2020 #4) examine the interconnectivity between the symbiotic linkages and refer to 
the existing symbiotic linkages as antecedents and enabling factors for new emergent 
symbioses, while Mortensen and Kørnøv (cf. 2019 #1) conceptualize IS emergence 
as a social collaborative process driven by engagement of various actors in 
interactions to provide fruitful contexts. The study of connectivity among symbiotic 
linkages is different from the conceptualization by Mortensen and Kørnøv (cf. 2019 
#1) and can present challenges when synthesizing across these on IS emergence.  

However, while not directly compatible with each other, these variate perspectives on 
IS emergence can complement each other and present the complexity of the IS 
emergence process. With the insights from Schlüter et al. (cf. 2020 #4), IS emergence 
appears then not only to be a social dynamic process enabled by the contextual 
conditions, the multiple actors organized in partnerships and engaged in focused 
processes supported and fostered by platforms as found by Mortensen and Kørnøv (cf. 
2019 #1), but also a continuous process were previous symbiotic linkages can serve 
as enabling factors for the emergence of  new symbiotic linkages. The collaborative 
interactions within the emergence phase can lead to the creation of awareness and 
interest in IS benefits. Reaching out and exploring connections as described by 
Mortensen et al. (cf. 2019 #1) can lead to knowledge, information, and experience 
exchange on previous IS, which can encourage the reproduction of the same symbiosis 
and leading to it budding, broadcast spawning, or brooding (cf. Schlüter et al., 2020 
#4 ). Analyzing the cases of IS in Aalborg, Schlüter et al. (cf. 2020 #4) find that 
knowledge and information exchanges did not aim directly at creating new symbiotic 
linkages but instead contributed to it. The emergence of symbiotic linkages thus 
should not be studied separately, examining only the emergence of bilateral ties but 
instead, the interconnectivity between a previous symbiosis and an emerging one 
should be considered. The emergence of symbiotic linkages thus leads to the 
emergence of an IS network. 

Connecting these findings to the study by Mortensen and Kørnøv (cf. 2019 #1), it can 
be observed that the findings of Schlüter et al. (cf. 2020 #4) complement the list of 
factors that enable IS emergence. Just like Mortensen and Kørnøv (cf. 2019 #1), the 
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authors find that various “actors, their individual organizational capacity, and the 
accumulated institutional capacity in the geographic area” (p. 12) contributed to the 
emergence of symbiotic linkages. Moreover, the authors raise attention to some 
factors that Mortensen and Kørnøv (cf. 2019 #1) did not investigate: the technical, 
national, and international factors. Technical factors, such as a shared transportation 
are found to contribute to IS emergence, while also being an obstacle. Locally, the 
political support and the Aalborg Municipality’s clear strategy seem to have enabled 
earlier symbioses. The desire of “a reduction of energy from coal” (p.11) and for 
“political decisions [that] led to increases and decreases in heat supply from specific 
sources” (p. 11) encouraged the previous IS emergence. National developments 
regarding the district heating and “the investigations into fly ash’s potential use” (p. 
10) seem to have pushed the previous symbioses to emerge. 

Considering international factors (i.e. other than local and national factors) as 
exogenous is in line with IS literature where a rich body of research identifies these 
as important factors for IS emergence and development. For example, Velenturf 
(2016, p. 166) considers the influence of  “linkages between EU/national and 
regional/local level governance” for biowaste-to-resource solutions, Mannino et al. 
(2015, p. 295) mention “the global and European restructuring of the chemical 
sector,” Madsen et al. (2015, p. 860) state that the “discourse of resource efficiency 
and circular economy has grown so strong that companies are beginning to feel a 
need to deliver on this agenda, making it a motivational factor for companies to 
engage in IS.” Elabras Veiga and Magrini (2009) explain the engagement of Rio de 
Janeiro with IS as being inspired by the experiences in Europe, North America, and 
Asia. Schlüter et al. (cf. 2020 #4) confirms such findings and together with the 
findings by Mortensen and Kørnøv (cf. 2019 #1) confirm the statement of Spekkink 
(2015, p. 144) who concludes that “even though we can give a useful description of 
the development of industrial symbiosis in isolation, to understand why actors 
involved in its development see opportunities to engage in collective action towards 
industrial symbiosis we may sometimes need to broaden the scope of analysis to 
include the other developments that contribute to the conditions under which 
collective action becomes possible.” 

Schlüter et al. (2020, p.13) specifies that “the current case analysis presents the model 
as an interesting starting point for a discussion of differences in reproductive modes 
of self-organized and facilitated IS. Further research and application of the model to 
other cases (especially on facilitated symbiosis) is needed to be able to understand 
the exact connection between the different dynamics and reproductive modes of IS 
emergence. An application of the model to more middle-out and facilitated emergence 
processes is recommended to engage in a deeper analysis.” The Sustainable Synergies 
project unfolding in the Aalborg East port industrial area was an obvious opportunity 
to do this and further analyze how the two conceptualizations of IS emergence can 
inform and complement each other.  
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The following chapter presents the results of analyzing the emergence of symbiotic 
linkages through the Sustainable Synergies project (Appendix I pictures and describes 
each symbiotic linkage in detail). The emergence of symbiotic linkages through the 
Sustainable Synergies project is found to lead to the formation of an emergent IS 
network. Thus, it became possible to apply the IS reproduction model developed by 
Schlüter et al. (cf. 2020 #4) to this network (Appendix II describes the reproduction 
of emerging symbioses through the project in detail), and by this informing both the 
IS reproduction model and the initial conceptualization of IS emergence. 
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6 EMPIRICAL INSIGHTS FROM INDUSTRIAL 
SYMBIOSIS EMERGENCE WITHIN 
‘SUSTAINABLE SYNERGIES’ PROJECT IN 
AALBORG EAST PORT INDUSTRIAL AREA 

Within the Aalborg East port industrial area, as presented in section 2.1.2., various 
actors have been involved in activities aiming at IS initiation for more than a decade, 
without considerable success. Research was effectuated to uncover the area’s potential 
for accommodating IS and proposing ways to engage with IS emergence. Moreover, 
the Environment++ initiative is being implemented as an intentional and strategic 
initiative aiming at fostering IS emergence in the area through collaborative 
approaches to issues and challenges. Its sub-project, Sustainable Synergies, presented 
in section 4.2., provides a unique possibility to learn from real-time processes that 
support and facilitate IS emergence, and thus further developing the initial 
conceptualization of IS emergence. 

The empirical study of IS emergence within Sustainable Synergies, collecting data 
through individual and group interviews, observations, and document analysis, uses 
the findings of Mortensen and Kørnøv (cf. 2019 #1) as a conceptual framework for 
the empirical data analysis and understanding of IS emergence through facilitation. 
Moreover, the findings are also analyzed through the IS reproduction model 
developed by Schlüter et al. (cf. 2020 #4) in order to connect the two IS emergence 
conceptualizations and provide further insights on IS emergence and factors that 
facilitate it. This chapter complements, enriches, and further develops the IS 
emergence conceptual model presented by Mortensen and Kørnøv (cf. 2019 #1)6 and 
further validates the IS reproduction model developed by Schlüter et al. (cf. 2020 #4). 
Thus, it feeds directly into answering the first and second research questions as also 
shown in Figure 14. 

6 Mortensen and Kørnøv (cf. 2019 #1) refer to “critical factors” for IS emergence while the 
presentation of insights from the port industrial area in Aalborg East refers to “factors 
facilitating” IS emergence. This is rooted in the approach taken to IS emergence. Mortensen 
and Kørnøv (cf. 2019 #1) analyze generic factors as identified from various (facilitated, 
planned, self-emerging, etc.) cases aiming at producing general knowledge on IS emergence. 
Facilitating factors, are not different from critical factors, but just set focus on a facilitated 
process. In both cases the focus is on enablers for IS emergence.
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As the empirical study describes IS emergence in the Aalborg East port industrial area, 
the study presents initial insights into area’s existing characteristics and the capacity 
for enabling further IS emergence. Thus, the study also contributes to answering the 
third research question. As the aim of the study was not exactly to explore the area’s 
characteristics and capacity, the study feeds indirectly into the third research sub-
question. Therefore, the interrupted arrow. 

The study is not presented anywhere else, therefore an account of the methods for data 
collection and analysis follows. 
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6.1 METHODS FOR DATA COLLECTION AND ANALYSIS 

Part of the Sustainable Synergies project, as mentioned in section 4.2., was used as a 
case elucidating the emergence of symbiotic linkages and the factors that enable it. 
The focus was on the unfolding of the process, the actions that facilitators took, and 
the enabling factors that contributed to the emergence of new symbiotic linkages. The 
study did not focus on the environmental effects and assess their sustainability. 
Omitted in the case study were the project’s assessment of the sustainability effects 
of each IS and the final evaluation of the project. The former was out of the scope of 
this research, while the latter will not be complete until spring 2020. 

The project is based on a facilitative approach to IS emergence where the actual 
facilitation of the emergence of symbiotic linkages has been done mainly by a team 
of six DCEA researchers—a professor, two associate professors, and three research 
assistants working with sustainability assessment, sustainability design, and 
sustainable business models generation. The team functioned as a core facilitation 
team while additional colleagues and partners contributed subject-specific skills and 
capabilities along the way. The project’s geographical context is the port industrial 
area in Aalborg East, but it also engaged companies from beyond this geographical 
context into the initiation of symbiotic linkages. 

To document the emergence process through facilitation of symbiotic linkages in real-
time, the data were collected in two rounds (as schematically represented in Figure 
15). First, individual interviews with corporate representatives involved in emerging 
symbiotic linkages and group interviews with the facilitation team were held in April–
May 2019. Second, a follow-up and re-examination of the emerging symbiosis status 
through oral conversations and written check-ups with the facilitation team was 
effectuated in December 2019–January 2020. Furthermore, observations were made 
during the project’s completion. 
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The insights collected through the second round of data collection complemented the 
data collected in the first round. By collecting data in two rounds, a deep insight into 
the emergence process is obtained and the understanding of the evolution of such 
processes is strengthened.  

The project is ongoing and the symbiotic linkages are still emerging. Thus, the data 
within this thesis envisages only a partial view on IS emergence.  

A triangulation of methods (Yin, 2003) was used to collect data on the IS emergence 
process and factors enabling it: 1) observations, 2) individual semi-structured 
interviews with companies’ representatives and semi-structured group interviews with 
the facilitation team, and 3) document analysis. 

6.1.1 Observation 

From January 2018 to January 2020, I participated in and conducted observations at 
more than ten project status meetings, two reference group meetings, two meetings 
related to a symbiotic initiative related to recycling of plastic, five interviews 
conducted by the representatives of the facilitation team, one design workshop, and 
one resource matchmaking event. These allowed me to follow the process closely and 
to gain first-hand experience with the facilitative process. This created the background 
for understanding the emergence of symbiotic linkages and factors enabling it through 
facilitation.  

One of the most important observation was made by participating in the mid-term 
evaluation meetings of the Sustainable Synergies project conducted by a consulting 
firm on the 8th of March, 20197. First, a group interview with the project group was 
held by the consultant. Then, two other meetings were organized with project partners 
(Port of Aalborg, House of Energy, and DCEA) and with three company 
representatives (of the emergent symbioses at that time), respectively. These meetings 

7 The mid-term evaluation is one of the two evaluations that the Sustainable Synergies project 
is subject to. The second is the final evaluation. The Danish Business Authority’s evaluation 
guidelines (DBA, 2015, p. 5) mention that “the overall purpose of the evaluation in practice is 
to help maximize the effects of the programs. The evaluations must therefore not only document 
whether the efforts have worked or not, but also be used as a basis for future optimization of 
the efforts during the 2014–2020 program period (and possibly in the next program period), so 
that the Structural Funds are focused on the instruments that create the greatest effect per 
support crown.” Thus, the evaluation is an important part of collecting results focusing on 
“documenting if and how Structural Fund projects actually work and on a systematic collection, 
dissemination and anchoring of knowledge and learning, which can be used to develop even 
better projects and tools in the future” (DBA, 2015, p. 3). The consultancy company COWI 
was the official evaluator, while they subcontracted another company to effectuate the mid-
term evaluation.  
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allowed participants to express their opinions about the project in separate forums. At 
these meetings, it was expressed that facilitation and the presence of a facilitation team 
was the most crucial factor for the IS emergence in port industrial area in Aalborg 
East. Several questions then arose: What functions did facilitators undertake that 
enabled the emergence of symbiotic linkages? What capacities and skills did they 
apply and use to facilitate the emergence of symbiotic relations? What role did the 
facilitation process play for IS emergence and how did the facilitation process unfold? 
Answers to these questions were explored at the subsequent two group interviews with 
the facilitation team and where subject for the subsequent observations. 

Notes from observations were taken and served as enriching and validating data for 
the inputs from interviews. 

Additionally, continuous dialogue and follow-up discussions with the facilitation 
team throughout the project provided fruitful up-to-date insights into the emergence 
of symbiotic linkages. 

6.1.2 Individual and group interviews 

Individual semi-structured interviews were conducted with four companies that were 
involved in specific emergent symbioses. Corporate representatives participating at 
the interviews were company managers, environmental managers, and/or production 
and development employees. Each interview had focus on elucidating the process 
through which the specific symbiosis emerged and the factors that contributed to its 
emergence. Minutes from interviews were taken.  

Two semi-structured group interviews were conducted with the facilitation team. 
Group interview is a valuable method for data collection that complements the other 
methods and can be used for exploratory and mapping purposes. As a data collection 
method, the group interviews benefit from dynamics that exist between the group 
members, as participants and the interviewer to get rapid access to shared knowledge 
that otherwise would have taken long time to access. (Frey & Fontana, 1991) The 
facilitation team was selected as interview respondents as several researchers fulfilled 
various facilitation functions and thus individual interviews would not have provided 
a wholistic view on the facilitation and the process of emergence.  

The facilitation team’s input was crucial, as they had the overall view of the process 
and enabling factors. Therefore, both group interviews applied a self-reflective 
approach, where the facilitation team reflected on its own roles and functions needed 
to facilitate IS emergence and provided its own perspectives on the IS emergence and 
the factors enabling it in the port industrial area in Aalborg East. 

The first self-reflective group interview (Group interview 1, 2019) was held the 6th of 
May, 2019. The facilitation team reflected on the tasks, roles, and functions they had 
during the IS emergence process. Moreover, the facilitation team reflected on the 
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capacities they activated to enable symbiotic linkages. The interview lasted for two 
hours, during which symbiotic linkages emerging at that time were discussed one-by-
one according to following aspects: 

1) Facilitation tasks, roles, and functions 
2) Tasks, roles, and functions of other actors 
3) Technical and professional skills and capacities 
4) Personal skills and capacities 
 
Some general functions, capacities, and skills that the facilitation team made use of, 
were identified for all symbiotic linkages’ emergence, while also specificities were 
mentioned for certain IS. The interview was recorded and later fully transcribed. 

The second group interview with the facilitation team was conducted the 23rd of May, 
2019 (Group interview 2, 2019). Prior to the interview, a comprehensive desk-
research and document analysis was made to identify the companies involved in the 
project up to that point. These were written on a large flipchart, which served as a 
background for mapping the symbiosis linkages emerging. The group interview lasted 
for three hours and was structured to include questions and tasks that permitted the 
following: 

 Mapping the potential symbioses emerging from Sustainable Synergies. The 
group was first asked to map the symbioses they could see as an outcome of the 
project. Material, energy, and liquid flows where inserted on each link among 
companies.  

 Presentation of the applied facilitation process. The facilitation team, going 
backwards from the map created, described the process and the facilitative 
approach as perceived by themselves. The discussions developed to include the 
facilitation team’s tasks and the roles of other actors involved in the process.  

 Discussion of enabling factors characteristic for each symbiotic tie. At last, 
as the discussions evolved, the facilitation team provided insights into factors 
enabling emerging symbiotic linkages in regard to contextual conditions, 
individual and organizational capacities, institutional enablers, etc. 

Applying group interview as a data collection method, I got rapid access to valid 
knowledge on the IS emergence process and the facilitation as well as the facilitator’s 
tasks, skills, and capacities. The second group interview functioned to validate the 
events that took place in Sustainable Synergies project up to that point and to make 
sense of the facilitation tasks. As advocated by Frey & Fontana (1991),  the group 
interviews also provided an arena for discussions among the facilitation team 
members where they aligned their views on both facilitation and IS emergence. These 
also stimulated generation of new ideas, new views, and understandings of the 
process. Frey and Fontana (1991) refer to opinions of some interviewees as being able 
to shadow for others and to how the relations among the interview respondents outside 
the group interview could shape the group dynamics and thus each respondent’s 
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engagement in the group interview, as disadvantages of the method. However, as the 
relations among the researchers who made up the facilitation team were well 
functioning, and the interviewer (i.e. me) was integrated into the group due to the 
integration of the PhD project in Environment++, no challenges related to these 
disadvantages were observed. On the contrary, the fruitful discussions within which 
all researchers had a voice and place to express own thoughts, brought new ideas and 
revelations about the process, facilitation methodology, and results obtained up to that 
point in time.  

6.1.3 Document analysis 

A thorough investigation and document analysis (Bowen, 2009) was made to identify 
the companies contacted by the facilitation team and involved in the Sustainable 
Synergies project. Screening reports and working documents with notes on the 
companies’ profiles were analyzed to collect names on all companies involved in the 
project. These data served as inputs to the second group interview with the facilitation 
team the 23rd of May, 2019. Then, document analysis of the mid-term evaluation 
report (COWI, 2019), minutes from status meetings, and symbiosis business model 
reports provided data for the study. These offered access to data that provided 
knowledge on the process through which symbiotic linkages were emerging, the role 
of the actors involved in the process, the role of their actions and capacities, and the 
influence of other factors on the emergence of IS linkages. 

6.2 DATA ANALYSIS 
 

The inputs from the group interviews provided insights into the symbiotic linkages 
that were emerging in May 2019 and the factors that were influencing them. These 
inputs made possible the initial mapping of emerging linkages and the identification 
of (specific and general) facilitative factors. The other data collected through the 
transcription of semi-structured group interviews, notes from individual interview 
minutes, and observations from various meetings before May 2019 served to provide 
overall information on other aspects of interest regarding the emergence of symbiotic 
linkages through the Sustainable Symbiosis project. These data underwent a process 
of thematic analysis as it provided “a systematic yet flexible and accessible approach 
to analyze [large and disparate amounts of] qualitative data” (Saunders et al., 2016, 
p. 579). 

First, I became familiar with the data by reviewing transcripts of interviews and 
revisiting the notes from observations and meetings. This permitted the integration of 
related data into one large data set, with data sources annotated in order to keep source 
accurateness. In this process, common meanings were emerging and the need for 
coding the data in common thematic groups appeared. Text pieces, sentences, a line 
of a transcript, etc. served as units of coded data (Saunders, et al., 2016). The coding 
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procedure was guided at first by the categories derived from the conceptual framework 
related to the actors involved in the IS emergence process, their roles and capacities, 
the process of emergence and its characteristics, and the activities within such a 
process. Simultaneously, the coding focused on aspects that are not elucidated by 
Mortensen and Kørnøv (cf. 2019 #1), leaving space for the codes to emerge from the 
data collected. Several other groups of themes emerged setting focus on facilitation; 
the role, capacities, and skills of a facilitation body; and the role of initial conditions 
such as IS-aiming initiatives, business networks, and the presence of a port for IS 
emergence. Information specific to each symbiotic relationship was kept for the 
accuracy of the process description. 

The findings from this data analysis process and the initial mapping where 
complemented with the findings from analyzing the symbiotic business models 
reports, the mid-term evaluation report, and the inputs from further conversations and 
written check-ups with the facilitation team up to January 2020. The focus was 
primarily on identifying changes within each emergent symbiotic linkage identified 
in May 2019 and the emergence of new ones, while also gathering further insights 
into the factors that influenced the identified symbioses and the interdependence 
between the previous and newly emerging ones. This allowed deeper insights into the 
evolution of IS emergence and creation of an up-to-date overview of the symbiotic 
linkages emerging through the facilitation process (presented in the Appendix I). 

Moreover, the analysis results obtained were further analyzed through the lens of the 
IS reproduction model to uncover the dependency between emerging symbiotic 
linkages as factors facilitating IS emergence. By applying the IS reproduction model 
to the facilitated and emerging IS, the model is validated to facilitative processes and 
the insights obtained enrich the understanding of IS emergence and the 
interdependence between symbiotic linkages as an enabling factor for further IS 
emergence. 

The following section present the results from applying both the conceptualization by 
Mortensen and Kørnøv (cf. 2019 #1) and the IS reproduction model by Schlüter et al. 
(cf. 2020 #4). A discussion of how these findings enrich the initial conceptualization 
of IS emergence wraps up this chapter. 

6.3 EMERGENT INDUSTRIAL SYMBIOSES 
The examination of IS emergence in two rounds (in May 2019 and in December 2019-
January 2020) permitted identification of how the industrial symbioses are emerging 
through the Sustainable Synergies project. The process of the Sustainable Synergies 
project is found to facilitate the emergence of eleven industrial symbioses based on 
flows of materials, liquids, and knowledge as presented in Table 7. An in-depth 
presentation of symbiotic linkages’ emergence is given in Appendix I. The symbiotic 
linkages presented in the Table 7 are only potentials identified at various companies 
throughout the project, and are described in the business model reports. Not all 
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symbiotic linkages yet emerged. The knowledge symbioses did, while some 
symbioses are expected to emerge, others will not emerge, and some others’ 
emergence remains unknown. That means the potentials are identified, companies 
agree on the potentials, but no physical symbiotic flow have yet been established. 

Table 7 on the next page presents the sender business organizations, the receivers, and 
the symbiotic flow that connects the two. As can be seen, seven possible symbioses 
are identified based on exchange of by-products, one symbiosis around the flow of 
liquids as by-products, and three as knowledge symbioses. The companies to be 
involved in the symbiotic relationships are of varying sizes (small, medium, and large 
according to European Commission’s definition on small and medium sized 
companies [EC 2003]) with local and international profiles. They vary regarding to 
their business models. Some are production companies and service companies, and 
others are waste management companies. Furthermore, companies have varying 
amounts of (human, economic, financial, etc.) resources, corporate values, 
environmental ambition, and sustainability motivation levels. Moreover, these present 
varying degrees of proactiveness and willingness to invest time and other resources 
in the Sustainable Synergies project generally and IS emergence specifically. Most of 
the companies engaged in the project were motivated and interested in IS emergence 
for different reasons. Some engaged “not because of [direct] economic benefits but 
motivated by [their] own organizational sustainability ambitions” (COWI, 2019, p. 
7). Others “have a business process that permeates to enter symbiotic relations with 
a new supplier and through which both economic and environmental benefits can be 
achieved” (COWI, 2019, p. 7). And others have highly engaged leadership and 
personnel that are motivated by personal interest, organizational values, and expected 
IS benefits. 

Several other by-products such as large plastic bags, textiles, and glass fiber, were 
identified by the project as potential synergistic flows. Some of these constituted 
resource flows within emerging symbioses identified through data collection in May 
20198, and which terminated by December 2019. For example, following potential 
symbioses were identified: 

 Recycling of textiles collected from a laundry in Aalborg East 
 A potential knowledge symbiosis between a utility company and a production 

company in Aalborg East potential  
 A symbiotic relationship between a waste management company and glass fiber 

producer company based on recycling of glass fiber  
 A potential symbiotic relation between Fibertex Personal Care and a festival-

arranging company based on recycling of spin belt material and cardboard tubes.  

8 A total of 31 symbiotic linkages were identified as emerging in May 2019, and by that time 9 
industrial symbiotic linkages had already ceased to emerge.  
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All of these were identified before May 2019, but terminated shortly thereafter. 
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The identification of the potential for emergence of symbiotic linkages, presented in 
Table 7, was a highly iterative process through which some new symbiotic relations 
were formed, and some others ceased. The iterative process of emergence and 
termination of IS emergence illustrates its dynamic character. The group interviews 
with the facilitation team and the follow-up discussions confirmed that the emergence 
process of symbiotic relationships was a highly dynamic and time-consuming one. 
Symbiotic relationships emerge from a middle-out process evolving organically from 
completion of the Sustainable Synergies project, from the bottom-up involvement of 
various other actors, and from the involvement of a facilitation team and identification 
of various potentials and societal issues with specific by-products’ fractions. 
Furthermore, various specific factors facilitated IS emergence. The group interviews 
in May 2019 and the follow-up discussions permitted identification of the facilitation 
processes of the Sustainable Synergies project, the presence of specific actors who 
played important roles among which was a facilitation team with specific capacities 
and skills, and the contextual characteristics as enablers for the emergence of the 
above-presented symbioses. The following sections discuss these. 

 

6.4 PROCESS AND FACTORS FACILITATING THE 
EMERGENCE OF INDUSTRIAL SYMBIOSES: ENRICHING 
THE INITIAL CONCEPTUALIZATION 

As specified in the beginning of this chapter, the aim of bringing empirical insights 
from the facilitation process of the Sustainable Synergies project was to develop a 
better understanding of the IS emergence process and the factors that facilitate it, 
enriching the initial conceptualization of IS emergence developed by Mortensen and 
Kørnøv (cf. 2019 #1). The objective of this section is then to discuss how the empirical 
findings enrich and complement the model. Therefore, the following sections discuss 
the empirical findings in connection to the conceptualization of IS emergence 
developed by Mortensen and Kørnøv (cf. 2019 #1). 

The authors define the IS emergence process as “the dynamic (social) process between 
pre-emergence and post-emergence phases, i.e. building on existing specific factors, 
agents, and unexploited potentials for synergistic ties, and aiming to establish 
synergistic relations between at least two organizations” (p. 58). Within such 
processes, actors are engaged in interactions that can build awareness and interest in 
IS by reaching out to new possible partners, encouraging the exploration of new 
possible connections, and organizing new symbiotic ties. Connecting the empirical 
findings to this conceptualization, several empirical aspects are identified to enrich 
the initial conceptualization: First, although multiple actors are involved and can play 
an important role in an emerging process, the facilitator remains crucial. Being a 
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facilitator implies engagement in various kind of tasks that require professional and 
personal skills and capacities. Second, the facilitation process, which is shaped by the 
various mobilization techniques, enables emergence of IS. Such a process is highly 
dynamic and iterative. Third, contextual characteristics present initial conditions and 
antecedents for IS emergence. And at last, the emergence of bilateral symbiotic 
linkages shapes the simultaneous emergence of an IS network. 

6.4.1 Actors involved in the facilitative process  

The group interviews, the mid-term evaluation, and the observations of the project 
pointed at and permitted identification of Port of Aalborg, the Business Network 9220, 
companies as partners in specific symbioses, and individual actors to have involved 
in the project, supporting and complementing the list of actors and their characteristics 
identified by Mortensen and Kørnøv (cf. 2019 #1). 

The Port of Aalborg was found by the mid-term evaluator ‘to have high engagement 
in [the Sustainable Synergies] project as it has a long-term focus on sustainability’ 
(COWI, 2019, p. 8). Three port representatives (the port’s environmental manager, 
the technical and environmental director, and the director of human resources and 
development department) were involved in the Sustainable Synergies project, besides 
the financial employee. These individuals presented high commitment to the project 
and engaged in various symbioses at various times.  

Being a pro-active and environmentally concerned company and engaging with IS for 
more than a decade, as described in the section 2.1.2., the port was in a bridging 
position facilitating the contact among companies and between companies and the 
facilitation team. As a co-founder of Environment++, the port was supporting the IS 
emergence process financially. The Port of Alborg was also lobbying IS as a strategy 
at the political level. The facilitation team mentioned at the group interviews that, 
during the IS emergence process, the Port of Aalborg had a supportive function for 
the facilitation team providing financial and infrastructural resources. The port, in its 
position within the Business Network 9220, provided dissemination of knowledge and 
project offers to companies in Aalborg East and functioned as a platform to 
communicate project offers to its members. For instance, the offer for the two 
knowledge symbioses and the word about the possibility of transferring defective 
washing machines to the specific waste management company was sent out and 
communicated to companies in the network, attracting network members into the 
projects and involving them in the emergence of symbiotic linkages. 

The Business Network 9220 functioned in some cases thus as a bridging actor 
between companies in the port industrial area and the facilitation team. By bridging 
the contacts, the network facilitated the companies’ trust in the facilitation team and 
inspired credibility to companies towards the researcher team. The Business Network 
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9220 was perceived by the business companies’ respondents, not only as an arena 
where knowledge and relations are formed but also as an important mobilization 
platform that had the potential to activate the knowledge and relational capacities of 
its members, as well as to build and develop it further through its many activities. 

Companies involved in the IS emergence process are mostly seen by the facilitation 
team and project partners, and perceived by themselves as those directly involved in 
the emergence processes by entering symbiotic linkages (and later implementing 
them). In their position as symbiotic partners, these can function as champions and 
drive IS anchoring it in their own organization and across their network. These 
companies prove themselves open to sharing knowledge and experience and willing 
to collaborate and enter new relationships. 

The emergence of symbiosis relied on the large interest and openness of the company 
shaped by the companies’ values and ambitions. Those who had sustainability 
ambitions and whose managers had strong personal sustainability values, presented 
strong interest and involvement in the project and interest in IS (as is the case of e.g. 
DLT, NB Ventilation, Brunø, etc.). The management interest and proactivity within 
the process was crucial as it provided decision power and power to act on possible 
symbiotic decisions. Organizational characteristics were largely shaped by the 
company managers and the personnel involved in the project through their continuous 
contact with the facilitation team. One example is the facilitation team meeting two 
representatives from the same company at two different times. One represented the 
company as “green enough,” while the other one represented it as “green, but with 
more place for development” (Group interview 2, 2019) 

The companies’ interest in IS was found to be driven by expectations of different IS 
benefits rather than the type of company. First, some interested companies expected 
economic benefits as a result of new collaborations, in form of new products, savings 
from waste disposal, savings from transportation to other regions, and acquisition 
price for demand companies. Furthermore, if the initiative/project did not impose 
extra costs on the companies, they would have been interested and willing to 
collaborate. Then, the symbiosis had to be logistically and technically easy to be 
implemented. If the companies perceived the new symbiosis as not economically 
viable and as logistically difficult, the IS was not perceived successful and the efforts 
for its emergence could be abandoned. Furthermore, the companies expected that new 
symbiotic relationships will help market the company as environmental responsible. 
The project was perceived as a good opportunity for many companies to increase their 
environmental (and in some cases their Corporate Social Responsibility) profile by 
marketing the good story and inspiring other companies. The interest in IS and project 
participation had to be accompanied by the willingness of action, action on behalf of 
companies, and the time given to the project, otherwise IS emergence would not have 
succeeded.  
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The data analysis from the group interviews with the facilitation team provided 
evidence for several individuals to play a crucial role for specific symbioses. For 
example, the emergence of the symbiosis concerned with repair and sale of washing 
machines and tumble driers depended on an individual person, employed at the Reno 
Nord waste incineration plant. This person established the contact between the waste 
management company DGH and the facilitation team. Furthermore, this person 
participated in meetings between the waste management company and the facilitation 
team, contributed to the communication of results in the press, and functioned as a 
spurring and coordination partner in relation to the facilitation team. Another person 
from the local heat utility company showed high engagement and acted as a champion 
within the symbiosis concerned with the flow of knowledge and shared mapping 
services on energy and heat loss.   

Such individuals were open-minded thinking about symbiosis, being pragmatic and 
having a pro-active environmental spirit. By engaging in the emergence of symbiotic 
linkages at different times of the process, these individuals provided enthusiasm to the 
companies involved directly in the emergent symbiotic relationships and inspired 
motivation through the process. 

Among these the presence of a facilitation team was mentioned as the most important 
factor by the corporate representatives and the project partners. They express that “we 
would not have been able to do it by ourselves. It is not natural for companies to think 
this way. It is difficult to know what others can use our waste for. We have enough in 
our daily routine. So, small- and medium-sized companies are too small to drive 
symbioses, but we can and would like to come into some if there is somebody to 
facilitate the process” (NB Ventilation, 2019). The importance of the facilitation team 
is described by their implication for the project’s completion and the IS emergence 
process.  

6.4.2 Facilitator’s tasks and roles  

Mortensen and Kørnøv (cf. 2019 #1) mention that facilitators are those who engage 
the other actors in the various interactions aiming at awareness creation, reaching out 
and exploring connections among possible partners, and organizing for symbiotic 
relationships. Furthermore, facilitators “activate the knowledge and relational 
resources among business companies, public bodies, and other actors” (cf. Mortensen 
& Kørnøv, 2019, p. 63 #1) being responsible for building actors’ (knowledge, 
relational, mobilization, personal, etc.) capacity for IS emergence in the phase of 
awareness and interest in IS benefits creation. In the subsequent phases—reaching out 
and exploring connections among possible partners, and organizing for symbiotic 
relationships—facilitators function more as incubation chambers fostering symbiotic 
ideas, providing opportunities for interaction, attracting funding, and taking 
“responsibility for the collaborative process and IS network formation” (cf. 
Mortensen & Kørnøv, 2019, p. 65 #1). 
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The empirical findings from the Sustainable Synergies project point at various 
facilitation activities as mobilization techniques for IS emergence. The project 
application previewed completion of specific project activities that could lead to IS 
emergence in the port industrial area in Aalborg East. The following five core project 
activities were included in the project application and drove the emergence of 
symbiotic linkages:  

1) Quantitative meta-mapping of potential resources with the use of the Exiobase 
database (http://www.exiobase.eu) 

2)  Identification, screening, and recruitment of specific companies 
3)  Development of green business models for companies and symbiosis groups 
4)  Communication and dissemination of results 
5)  Project management activities  

Table 8 on the next page presents an overview of the facilitation process, specific 
activities implemented during the project, and the facilitative techniques applied by 
the facilitation team for encouraging IS emergence in the area. 

Meta-screening and resource mapping and screening individual companies for 
potential resources. Mortensen and Kørnøv (cf. 2019 #1) describe the IS emergence 
process as based on some initial conditions and antecedents present within each 
context, and the assumption that each context presents an unexploited pool of 
resources that present potential for resource flows. The authors present the IS 
emergence model by stating that “acquiring knowledge and acknowledging potentials 
instead of challenges and risks can lead to raising awareness and generating interest 
in the initiation of new businesses or improvement of a business’s own processes” (p. 
59). While the authors do not further examine this aspect and do not specify the actions 
needed to acquire the needed knowledge on the potential resources, nor which party 
is to do this, this seems to be the initial approach taken by the facilitation team in the 
port industrial area. The empirical findings from the Sustainable Synergies project 
point at the importance of the facilitation team to pro-actively take action and uncover 
the unexploited resource potential. A quantitative meta-mapping of potential 
resources among more than 150 companies in the area through the Exiobase database 
included a quantification of underutilized potential resources present in the port 
industrial area in Aalborg East. Based on this initial meta-screening, more than 40 
companies were further screened via website company profiles and articles to gain an 
understanding of the type of business, business area, resource consumption, potential 
by-products discarded, and material needs. Twenty-four companies were identified as 
having potential resources that could serve as symbiotic flows. These were contacted 
and visited for individual resource screenings. Thus, the meta-screening served as a 
point of departure for the next activity in the project: Identification, screening, and 
recruitment of specific companies. 
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Process phases followed within the Sustainable Synergies project for IS emergence in 
Aalborg. Mapping by the facilitation team at the group interview (Group interview 2, 2019) 
and complemented with insights from further follow-up during December 2019–January 
2020. 
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Building on the meta-screening results and the scientific experience, the facilitation 
team developed screening method for uncovering the resource potential in the area. 
This is in addition to the model, which does not refer to building methods and tools 
based on scientific approach. Qualitative company screenings were performed 
through multiple company visits, informal discussions, face-to-face meetings, and 
formal interviews with corporate representatives to identify potential resources. 
Business organizations were screened for their input-output resources and needs, to 
identify and map the (resource, energy, water, etc.) potential for synergistic 
relationships, and to identify (new) market potentials (as in the case of the symbioses 
concerned with reuse of wooden pallets and cardboard boxes). In such cases, the 
facilitation team made risk assessments of potential symbiotic partners and as they 
expressed themselves “we took us the freedom to terminate the collaboration with 
companies that were not ready or did not comply with the project aims” (Group 
interview 1, 2019). As a result, potential screening reports for 21 companies were 
developed, describing the resource potential for each company. 

Simultaneously, the facilitation team explored some societal challenges with waste 
management in the area that could create symbiotic possibilities (for example, IS to 
reduce landfill disposal of insulation and IS to recycle agricultural plastic instead of 
incineration). Companies that originally were not considered by the meta-screening 
but identified by the facilitation team as potentially interesting (as was the case of the 
waste management company repairing the defective washing machines and tumble 
driers), were purposefully contacted and engaged in the project on the go. The 
facilitation team was constantly in a searching position. The team made a thorough 
investigation of the international experiences and symbioses concerning among others 
the flows of textile, plastic, large plastic bags, and plastic pallets as part of screening 
the business opportunities. Furthermore, the facilitation team looked for potential 
resources, potential symbiotic partners that can output and/or receive underutilized 
resources in the area, analyzed potential symbiotic flows as identified based on the 
underutilized resources and societal challenges, and contacted the potential partners. 
Enormous desk research was done, a multitude of telephone calls were made, and 
various face-to-face meetings and multiple company visits were performed in order 
to establish the contact with companies, get them interested in IS, keep their 
motivation in the project, and make the connection between potential symbiotic 
partners. 

Screening the companies for potential resources and resource mapping not only built 
the facilitation team’s awareness of the resources available but also contributed to 
raising awareness of the symbiotic possibilities that laid within underutilized 
resources at a company level. This raised the company’s awareness on own 
underutilized resources and interest in expected IS benefits. 

Matchmaking and development of symbiotic business models. Symbiotic ideas were 
developed based on the resource potential identified during the facilitation process. 
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The facilitation team’s identification of societal issues presented potential for 
symbiotic flows in cases where companies showed themselves interested in the project 
and open to enter symbiotic linkages. This was in line with Mortensen and Kørnøv 
(cf. 2019 #1), who affirm that after uncovering the resource potentials “then comes 
the meaning creation… [when] the idea of a new business potential is born” (p. 59).  

Furthermore, acknowledging the new symbiotic idea, the facilitation team 
communicated this to the potential partners, externalizing it and exploring potential 
connections. Communicating and discussing the symbiotic ideas with potential 
partners refer to the reaching out and exploring connections. Here, the empirical 
findings are in line with Mortensen and Kørnøv (cf. 2019 #1) who mention the role of 
the facilitator, as an important actor to bridge this communication. The empirical 
findings from the Sustainable Synergies project confirm this, as the facilitation team 
contacted a total of 48 (new and already engaged) companies for further in-depth 
screenings and discussions regarding the development of a specific symbiotic idea. 
Developing symbiotic business ideas, matchmaking potential symbiotic partners, and 
later developing symbiotic business models reports for companies were important and 
highly iterative functions undertaken by the facilitation team.  

An iterative matchmaking process, with numerous meetings conducted and facilitated 
by the project team, was necessary. “First, in the beginning of the project the 
facilitation process followed closely the project description and took outset in the 
specific company, looking for what resources it had, what the company could do and 
could not do. Later, when a critical mass of companies was examined, while still 
following the project activities, a matchmaking process could be initiated 
simultaneously while still screening other companies” (Group interview 2, 2019). The 
degree of intensity of this process was dependent on the organizational resources 
identified, the characteristics and capacities of the companies involved, and the 
capacities and skills of the facilitation team. The facilitation team assumed 
responsibility spanning from planning the meetings with possible partners, monitoring 
their engagement in the symbiotic relationship, and contributing to their business idea 
development.  

During the matchmaking process, the facilitation team provided continuous support 
to companies, making them aware of IS and its benefits and of the ways through which 
IS could be implemented. Depending on the profile organizations had, their own 
engagement with symbiotic ideas, and organizational motivation and interest, various 
kinds of organizational support were offered. The facilitation team provided 
supportive help that ranged from providing “the supportive help [that] racing 
bicyclists get on their biking route in a competition” (Group interview 1, 2019) in 
some symbioses, referring to the environmental effects’ calculations, dialogue with 
municipal authorities, and later assigning relevant consultants, to providing ‘startup’-
like support where the company received “considerable amount of spurring” and “the 
facilitation team had to shift among various roles” (Group interview 1, 2019) assuring 
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continuous interactions and support through face-to-face meetings and coordination 
activities for other companies. The facilitator team was at times also functioning as an 
external environmental department assisting companies with tasks ranging from 
providing informational support to providing specific (environmental) regulatory and 
technical support. In this position, the facilitation team sees itself as “dependent on 
other companies” (Group interview 1, 2019) that had to provide data on resource 
amounts and content. Through continuous dialogues, face-to-face interactions and 
personal contact between the facilitation team and companies, trustful relations and 
friendship bonds were developed. These could bridge the contact among companies 
that trusted the same facilitator team and lead to the formation of symbiotic 
relationships bridged by the same facilitator. 

Similarly to Mortensen and Kørnøv (cf. 2019, p.60 #1) who mention that “when initial 
contact to new potential partners is established through exploration of connections, 
business ideas and the new business models can be developed. At this point, feasibility 
studies for such business models can be calculated,” the facilitation team used the 
system perspective to explore consequential impacts in the value chain, and for 
changes outside the value chain, and continuously assessed the sustainability of each 
emerging symbiosis. The facilitation team, due to its own strong competences and 
research within lifecycle analysis, developed its own assessment methods and tools 
by developing more comprehensive calculations and securing a scientific approach to 
these. Moreover, specific environmental assessment tools, such as GAIA model 
(Kørnøv et al., 2019), were developed to assess the environmental feasibility and 
benefits of each emergent symbiosis. Such tools are evaluated to “bridge the 
screenings and the future symbiotic business models developed [in the same time as] 
assuring that the symbiotic models developed are linked to the company’s operations” 
(COWI, 2019, p. 6). As a result, symbiotic business model reports were developed for 
each company within the emerging symbiosis.  

Mortensen and Kørnøv (cf. 2019 #1) refer to these activities as “organizing.” While 
the authors do not specify who develops tools and symbiotic business models, the 
empirical evidence from the Sustainable Synergies project points at the facilitation 
team to implement activities that could mobilize resources for IS emergence. The 
facilitation team went further than the activities presented by Mortensen and Kørnøv 
(2019) and performed continuous technical measurements and calculations keeping a 
continuous eye on the environmental regulation and expected effects.  

Moreover, while Mortensen and Kørnøv (cf. 2019 #1) mention that “no formal 
arrangements, such as contracts, are made at this point and no physical 
infrastructural constructions are made” (p. 60), the empirical findings point at 
facilitation team signing formal partnerships with interested companies. While this 
was a formal activity required by the project application, it was also a consent the 
companies showed regarding their formal joining the project. Signing the partnership 
agreement functioned also as an indication of the ongoing ‘organizing’ for the specific 
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symbiotic flow and functioned as a proof for its emergence. The signed partnership 
presented evidence also of the existence of an emerging symbiotic agreement between 
symbiotic partners. As mentioned in section 6.3., several symbiotic possibilities were 
identified where contact with partners could not be established and these terminated. 
In such cases, no partnership agreements were signed.  

Furthermore, the presence and implementation of “a common incubation platform 
with events supporting the exploration of connection processes, such as networking 
events and workshops” (cf. Mortensen and Kørnøv, 2019 p. 66 #1) can offer 
interaction spaces and possibilities for conducting feasibility studies, developing 
business models, calculating their technical and environmental feasibility, etc. Such 
activities are important for the entire process, while they are most important for the 
last phase of organizing the symbiotic linkages. The empirical findings from the 
Sustainable Synergies project point at the facilitation team functioning as an 
incubation platform when conducting activities such as business idea development 
activities, environmental assessments, etc.  

Communication activities. Empirical evidence from the Sustainable Synergies 
project finds that, besides the capacity building and context transformative actions, 
strategic network formation, and incubation actions (cf. Mortensen & Kørnøv,2019 
#1), communication activities were also of significant importance. These implied the 
continuous communication with the companies and the communication of project 
results through various media sources. 

Regarding the communication with the companies, the facilitation team worked 
intensively to get companies interested in potential IS benefits and to motivate them 
and continuously nourish their motivations to enter and remain in the process and 
within symbiotic relationships. Through a continuous “simple and down to earth” 
(COWI, 2019, p. 7) communication, the facilitation team assured trust formation 
among companies. This is also noticed by the evaluator at the mid-term evaluation: 
“The companies experience as a positive thing that the project [team] comes to visit 
repeatedly and that they meet different persons, [and thus] capacities and 
competences from the project.” (COWI, 2019, p. 7). However, the trust among 
companies was found to go through the facilitation team and be dependent on it, rather 
than being between symbiotic partners directly. The facilitation team was therefore in 
a bridging-trust position between possible symbiotic partners. Through the facilitation 
team’s efforts of facilitation and coordination of communication between companies, 
companies got to know each other, got acquainted with their interests and agendas, 
and created the trust needed to open for collaborations and to share stories, ideas, and 
new business possibilities. Corporate respondents specified that “it required much 
exercise and interaction to be able to open up and do business with a potential 
competitor” (Kingo Recycling, 2019) and the facilitation techniques of the facilitation 
team managed to secure this. 
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Concerning the communication of project results, this included development of a 
common communication strategy for Environment++ regarding the communication 
with the press, development of informational materials for relevant actors within the 
project, dissemination of project results in the press/mass media, and dissemination 
of knowledge within academia. For the implementation of these activities, face-to-
face meetings with symbiotic partners were held in order to develop the news in 
cooperation, and conferences and meetings with various press and mass media 
representatives were held to disseminate the results of the project and inspire other 
companies to engage with IS. A series of (local and national) newspaper articles 
presenting the new symbiotic linkages emerging and the work done for it and video-
material on Environment++ were the result of dissemination coordination function.  

Communication activities can be perceived as part of building the involved actors’ 
capacity as mentioned by Mortensen and Kørnøv (cf. 2019 #1). Communication and 
dissemination of results can spread the knowledge on the possibilities existing in the 
region, can share the information on the potential resource flows, and can inspire other 
actors in the region and beyond to join symbiotic relationships. Furthermore, these 
can also attract other companies into the symbiosis and to the region. Such activities 
can increase the environmental awareness and contribute to the formation of a 
symbiotic mindset in actors that read the communications. The crucial role of a 
facilitator within such activities that can build capacity is acknowledged both by 
empirical study and Mortensen and Kørnøv (cf. 2019 #1). 

Coordination. At last, the emergence process through Sustainable Synergies involved 
project management and coordinative activities. As the project was supported 
financially by the European Commission, it had a given timeline and established goals 
and objectives that had to be achieved within a specific timeframe. To assure support 
for IS emergence, the facilitation team undertook specific coordinative activities. 
Such a coordination function, according to the facilitation team “was not included in 
the formal project description but was an important part of the project facilitation” 
(Group interview 1, 2019). It was not only about steering the matchmaking between 
relevant companies, but also about coordination of the inter-organizational exchange 
of contacts, coordination with other projects in the region9, and coordination of 
partners in each symbiosis and across symbioses. Moreover, the facilitation team was 
supporting the exchange of knowledge across other (indirect) IS initiatives in the 
region. Those responsible for these initiatives, at the initiative of the facilitation team, 
met periodically and kept each other informed on achievements and challenges. This 
assured that companies in the region, participating in both initiatives, were not 
overloaded and that facilitators did not provide the same services to the same 
companies. In this way the success of both initiatives could be achieved and the 

9 Sustainable Synergies was one of three projects obtaining financial support from the European 
Regional Development Fund being implemented in North of Jutland (COWI, 2019) 
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companies in the region could feel support instead of disturbance from several sides 
(i.e. initiatives and projects). Another important contribution of the facilitation team 
was the coordination and steering of the strategic partners in the Environment++ 
initiative. The facilitation team organized meetings, developed agendas, kept partners 
informed with developments in the Sustainable Synergies project, and made sure the 
network formed among relevant actors in the city who are perceived as important 
potential organizational champions and bridging actors for IS emergence. 

The university researchers in the presence of DCEA representatives at Aalborg 
University in their position as project “operators” (COWI, 2019) functioned, as 
described above, as the facilitation team for the emergence process of symbiotic 
relations. As a facilitation team, DCEA researchers engaged various other actors 
(from its own organization and beyond) in the IS emergence processes, facilitated 
knowledge, information, and experience sharing, built relationships across actors and 
sectors. Moreover, they encouraged the promotion of symbiotic thinking among 
engaged actors and provided institutional support to companies, while making use of 
a series of professional and personal skills and capacities. These are presented in the 
following. 

6.4.3 Facilitators’ skills and capacities 

Various actors can take the role of facilitators. These can be individuals, 
organizations, or even networks. Researchers, public bodies, and businesses are 
equally able to play important roles as facilitators (cf. Mortensen & Kørnøv, 2019 #1). 
Public bodies are mentioned by the IS literature as taking the role of facilitators as 
these have impartial interests for the society and the region in which they activate. 
However, in the case of the Sustainable Synergies project, the municipality 
representatives were not engaged in the emergence of symbiotic linkages. Moreover, 
the facilitation team had to go through various interactions to get them interested in 
the project and willing to coordinate across other initiatives in the region.  

While the role of a facilitator is acknowledged in the literature (e.g. cf. Mortensen & 
Kørnøv, 2019; Park et al., 2018), what skills and capacities are needed for facilitating 
IS emergence remained beyond the study’s focus and thus unclear. The empirical 
evidence from the Sustainable Synergies project permitted identification of a variety 
of professional and personal skills. From the corporate respondents’ perspective, such 
a facilitative entity must present specific characteristics such as neutrality regarding 
the actors involved in facilitative processes. This must remain and work independently 
from the other actors involved in the process of emergence. One of the business 
organizations respondents specified that entering symbiotic relations and initiating IS 
“are not our natural competences and the reason a company is set in the world. That 
is why somebody from outside our companies should come and manage/facilitate it” 
(NB Ventilation, 2019). 
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Furthermore, “neutrality and orderliness was a crucial characteristic for a facilitative 
entity” (Group interview 1, 2019). These relate to remaining objective and 
maintaining honesty for all partners involved in symbiotic relationships and the 
criticality related to the sustainability of symbiotic relations. Such neutrality and 
objectivity are rooted in the researchers’ way of being and working.  

Various other professional skills and capacities identified through the group interview 
1 (2019) are presented in Table 9, and personal skills and capacities presented in Table 
10.  

As pictured in Tables 9 & 10 in the following pages, facilitative entities are found to 
be able to think systemically and apply systems thinking in their work with facilitating 
IS emergence. Solutions to local issues, generation of innovative ideas, and initiating 
new symbiotic linkages among partners that are not in previous relationships with 
each other requires a holistic view and understanding of the issues, possibilities, and 
the context within which such linkages appear. Being open and taking a systemic 
approach to developing new symbiotic linkages can provide valuable solutions within 
the local context. On the other hand, while having a systemic and holistic view 
maintaining an overview of the process, facilitators need to be simultaneously able to 
dive deep in the details of each symbiotic linkage and their challenges. The balance 
between the systemic and the individual bilateral symbiotic linkage has to be assured 
by facilitators. These mentioned that “we had to assure a high level of strategic 
thinking [adding the ability to think and act strategically in the benefit of other 
symbiotic linkages and the entire project], while also benefiting each symbiotic 
linkage in part” (Group interview 1, 2019). Thus, a combination of the strategic 
thinking and operational action had to be assured. 

Furthermore, this strategic and systemic way of thinking and acting needs to be 
mirrored in the rigorous data collection and analysis (from companies). Applying 
scientific research–based methods seemed to be the right approach. Generally, being 
involving in the process as a researcher, with the characteristic approach for 
knowledge creation and sharing, was perceived as most productive and fair. IS 
emergence, as specified before in this thesis, requires engagement from different 
actors with different interests and capacities. A facilitative entity that takes no part of 
one specific actor, but rather stays neutral and engages equally with all actors, is the 
most likely to succeed. Therefore, the ability to remain neutral and keep objectivity 
along the process was a key ability of the facilitation team.  
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Facilitator professional skills and capacities as identified by the facilitation team 
through self-reflection at the group interview, May 2019 (Group interview 1, 2019). While 
this is a large list it is still not an exhaustive one. Other skills and capacities might be necessary 
when facilitating IS emergence in the same context, but at different times or in other contexts. 
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Facilitator personal skills and capacities as identified by the facilitation team through 
self-reflection at the group interview, May 2019 (Group interview 1, 2019). While this is a 
large list it is still not an exhaustive one. Other skills and capacities might be necessary when 
facilitating IS emergence in the same context, but at different times or in other contexts. 

 

Some specific analytical and technical skills were mentioned during the group 
interview with the facilitation team (Group interview 1, 2019). As facilitators are in 
the role of providing various kinds of organizational support, they must possess deep 
analytical skills with the ability to understand the complexity of regulatory and 
technical frameworks and the ability to communicate and explain these to companies 
and other relevant actors; thus, bridging the knowledge between institutional 
conditions and the actors involved in IS emergence processes. For doing that, strong 
communication skills are a necessity. These are also necessary when maintaining 
contact with mass-media and communicating the project results to different 
(academic, popular, newspaper, etc.) forums. Specific communication skills are a 
necessity when approaching companies. A specific communication mode and 
vocabulary is identified by the facilitation team for nearly each organization: “people 
are different; thus, organizations are different” (Group interview 1, 2019). Some 
companies respond to a virtual contact, for example by email, while other companies 
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had to be contacted by personal and face-to-face contact. With some companies, the 
communication was straight forward, while with others the facilitation team had to 
take “a rather psychological approach” (Group interview 1, 2019). The 
communication mode to each organization had to be adjusted depending on 
organizational values, previous experiences with IS, managers’ values, etc.  

Working with different organizations and providing support for these, the facilitation 
team was also in a coaching role and needed specific coaching skills to be able to help 
organizations to identify their needs and to maintain their motivation and interest in 
IS. High level of pro-activity, commitment to symbiotic thinking, patience, and trust 
in success were needed from the side of a facilitation team.  

Moreover, specific project management skills were highly necessary. As it was 
presented above, the facilitation team was not only providing support to organizations 
involved in the IS emergence process, but this process unfolded through initiatives 
that facilitation team had to secure the implementation and success of.  

Beside the technical, communication, and other professional skills mentioned above, 
the facilitation team made use of specific personal skills. The team had to be, first and 
foremost, open and willing to share knowledge and experience, and be willing to 
collaborate with a variety of organizational profiles. Facilitators had to maintain 
positivity and trust in the success of initiatives even at the darkest times. Furthermore, 
these had to be insistent and persistent while at the same time remaining critical to 
both their own and other actors’ actions along the entire process.  

The facilitation team had specific profiles characterized by the positivity and 
friendship attitude towards each other and the actors involved in the project. They 
showed enthusiasm, interest, honesty, and empathy towards the corporate actors 
involved in the process. This led to the creation of trustworthiness among business 
organizations involved in the project and the facilitation team through the process. 
The facilitation team could inspire other (e.g. municipal and corporate) actors along 
the process and create long-lasting relationships among these. Insistence, flexibility, 
ability to adjust along the way, and seeing beyond the present relationships, but across 
the possibility of future relationships were also perceived as important by the 
facilitation team for the emergence of symbiotic linkages. Within a highly iterative 
process, where companies were coming in and out, where these had to be constantly 
motivated along the entire process, such characteristics of the facilitation team could 
assure the success of companies’ involvement in new symbiotic relationships. 

Besides the facilitation team’s skills, capacities, and their undertaken tasks and roles 
within the process leading to the emergence of symbiotic linkages within Sustainable 
Synergies project, specific contextual characteristics are identified to present initial 
conditions and antecedents for IS emergence in the area. The following section 
presents these and their contribution to the initial conceptualization of IS emergence. 



 171    
 

6.4.4 Contextual characteristics present initial conditions and 
antecedents for industrial symbiosis emergence 

When presenting the conceptual model for IS emergence, Mortensen and Kørnøv (cf. 
2019 #1) mention the initial conditions and antecedents existing within a context. 
These are the basis from which new symbiotic linkages can emerge. While the authors 
left these aspects ‘out of the scope’ (p. 58) of their study, they encourage researchers 
to “fully acknowledge the role of specific (institutional and geographical) context for 
IS emergence and call for a thorough consideration of the pre-emergence phase and 
specific contextual conditions” (p.67). The empirical findings from IS emergence 
through the Sustainable Synergies project permitted identification of several specific 
contextual conditions that can function as initial conditions without which the 
Sustainable Synergies project would not have existed.  

First, the existence of the Environment++ initiative as the platform accommodating 
facilitative processes similar to the Sustainable Synergies project was mentioned by 
the facilitation team as being an important antecedent enabling IS emergence in the 
Aalborg East port industrial area. The facilitation team expressed that “without this 
initiative initially, the Sustainable Synergies project would not have existed” (Group 
interview 1, 2019). Environment++ also functioned as a platform accommodating the 
emergence of other symbioses that the Sustainable Synergies project could not 
accommodate, due to the program limitations and requirements10. Involvement of 
large companies in the process of IS emergence was possible due to presence of the 
Environment++ initiative, as it was an open initiative towards possible emergent 
symbiotic linkages. 

Furthermore, Environment++ offered economic incentives and functioned as a 
prerequisite to the Sustainable Synergies project. The existence of advantageous 
funding possibilities, such as Environment++ and the Sustainable Synergies project, 
seemed to have encouraged companies to get interested in the project and in IS, 
respectively. These provided funding platforms through project activities encouraging 
companies and other actors to engage in the emergence process, leaving them with 
minimal economic costs.  

The importance and the high engagement of the Port of Aalborg and DCEA and their 
role in initiating Environment++ point at a high strategical leadership for facilitating 
IS emergence at the port industrial area of Aalborg East. The presence of actors, such 
as DCEA representatives, with specific personal and professional competences that 
played the role of a facilitation team is a necessity. These could activate the knowledge 
and relationships created, monitor the emergence of IS, develop business models 

10 According to the funding requirements only small and medium enterprises, as defined by the 
European Union (EU, 2003) were allowed to be involved in the project.  
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assessing their sustainability, and secure IS operationalization and coordination of the 
process across the actors and initiatives. By doing this, contexts can be transformed 
and can get more fruitful for IS emergence, as the capacity existing in such contexts 
is activated and new knowledge, relational, and collaboration capacity is built. 

The presence and engagement of the Port of Aalborg was found to create specific 
geographical and institutional conditions for the IS to emerge in the port industrial 
area in Aalborg East. The port has been involved, as presented in section 2.1.2., with 
IS emergence for a decade, and in the Sustainable Synergies project it took the role of 
catalyzer for symbiotic business models that are believed to be able to enable 
sustainable development at the port area. That Port of Aalborg, a smaller port, takes 
the initiative in facilitating IS emergence and engages actively in emergence processes 
resembles the involvement of larger ports with IS as presented in section 2.1.1. 

Following the recommendations of Mortensen and Kørnøv (cf. 2019 #1) for an 
exploration of antecedents for IS emergence processes, studying why and how the 
Port of Aalborg managed to become a catalyst for IS emergence process could help 
better understand the antecedents for the port’s implication with IS. This can then shed 
light on contextual conditions that can support and lead to IS emergence in port 
industrial areas. A study was made by Mortensen et al. (cf. 2020 #2) to examine the 
environmental actions of Port of Aalborg for the last decade in order to understand 
the antecedents for the current IS emergence process and the origins of the Port of 
Aalborg’s engagement. This study is presented in the next chapter, section 7.1. 

The empirical evidence also points at the Business Network 9220 as a platform where 
knowledge between companies’ members is exchanged and new partner relationships 
are formed. Thus, this kind of network can also function as a platform supporting IS 
emergence. Thus, an incubation platform can be rooted in many ways of organization.  

6.5 CAPACITY BUILDING THROUGH EMERGING 
INDUSTRIAL SYMBIOSES 

Knowledge capacity. The insights in the IS emergence process within the Sustainable 
Synergies project provide evidence for identification and creation of shared frames of 
reference regarding IS understanding among the actors involved in the process. The 
interviews with corporate representatives and the facilitation team, as well as informal 
discussions with project partners, point at the fact that the actors engaged in the IS 
emergence process perceived IS as a common-sense business, the correct thing to do 
that gives meaning for the value creation from waste products and to close the resource 
cycle among companies: the waste and by-products from one company become 
resources for another company. For the corporate organizations, participation in 
Sustainable Synergies is about “removing (material, energy, water, etc.) waste” (NB 
Ventilation, 2019), which can be done in collaboration with other actors.  
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Synthesizing across the shared conceptualizations of IS within the project, the 
facilitation team defined IS as “the sharing of surplus resources, such as materials, 
energy, by-products, and water between two or more companies. It can include 
sharing logistical solutions, facilities, and expertise. Businesses can be located close 
to each other or far apart and they can be in the same business category or widely 
different” (Kørnøv et al., 2019). Sharing these conceptualizations of IS encouraged 
the engagement of companies within facilitative processes enabling IS emergence. 
Furthermore, through participation within such processes, these companies further 
developed the initial conceptualization and shared new frames of reference. To 
exemplify, it can be stated that, even though IS remains an unconceivable concept for 
companies interviewed, it is now understood and translated to the everyday 
terminology as “a special way of collaboration. It is about sustainable business 
development” (Brunø Stål, 2019). Building on conceiving IS initially as a common-
sense business, after interactions within the IS emergence process, IS is perceived as 
offering new possibilities to companies, which is something that they could not do 
before. IS is believed to have the potential to open new markets and business 
possibilities, providing a platform for innovation that has large potential. IS is 
perceived as a survival strategy. Sustainable Synergies was thus not only activating 
the existing actors’ knowledge capacity but built it further through developing shared 
frames of references related to the IS definition. Further processes aiming at IS 
emergence in the same area can take advantage of these. By these findings, the 
empirical study enriches the understanding of the IS emergence process, pointing at 
knowledge capacity building as not only relational as mentioned by Mortensen and 
Kørnøv (cf. 2019 #1). 

Mobilization capacity. For IS to emerge, the presence and implementation of “a 
common incubation platform with events supporting the exploration of connection 
processes, such as networking events and workshops” (cf. Mortensen & Kørnøv, 
2019, #1 p. 66) that can offer interaction spaces, and possibilities for conducting 
feasibility studies, developing business models, calculating their technical end 
environmental feasibility, etc. are necessary. Such activities are important for the 
entire process, while it is most important for the last phase of organizing the symbiotic 
linkages. The empirical findings point at the facilitation team’s function as an 
incubation platform when conducting the various activities aiming at IS emergence. 
The facilitation team is found to engage mostly with operational activities, such as 
providing support to business organizations, developing research activities, 
developing symbiotic business ideas, calculating sustainability effects, matchmaking, 
and managing the new emerging relations. The facilitation team was however not 
engaging with strategic activities within the Sustainable Synergies project as these 
were out of the scope of the project. Such activities as lobbying politically, and 
strategic visioning and creating a shared vision among other actors were mostly held 
within the Environment++ initiative, within which two representatives of the 
facilitation team where active part. The facilitation team, as described in section 6.4.2., 
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made use of various continuous interactions with the companies by using multiple 
mobilization techniques such as face-to-face meetings, telephone calls, company 
visits, etc.  

Regarding the mobilization capacity built during the Sustainable Synergies project, 
the knowledge and the experience accumulated by the facilitation team was 
significant. The researcher group, when entering the project, did not have previous 
experience with facilitating IS emergence. However, through continuous interactions 
with companies, the trust created between companies and the facilitation team, the 
knowledge acquired on IS emergence by doing, and the continuous self-reflection 
strengthened the facilitation team’s skills and capacity. The team took on the role of 
a champion for coordinating the IS emergence in the Aalborg East port industrial area.  

Relational capacity activated and built during the Sustainable Synergies project refers 
to the actors involved in the facilitation process and the symbiotic relationships 
emerging as a result of it. The range of actors involved in the IS emergence process 
were mostly the companies themselves, specific individuals, consultants, researchers, 
and designers, in addition to the project partners. Public authorities were not involved 
directly in the project, although they were part of the Environment++ initiative. The 
project did not aim at forming a strategic network (which Environment++ might be 
seen as aiming for) but rather to support the emergence of symbiotic linkages. These 
in their turn can form an inter-firm network (Wang et al., 2017). 

Studying the emergence of symbiotic linkages through Sustainable Synergies points 
at several symbioses containing two or more synergies as is the case of knowledge 
symbioses. These can therefore be perceived as small symbiotic sub-networks 
constituted of several synergies. Moreover, by mapping the symbiotic linkages in 
relation to their shared actors, a larger symbiotic network is obtained, as pictured in 
Figure 16.  

The Figure 16 envisages an emerging symbiotic network that is shaped by the 
emergent symbiotic linkages and smaller sub-networks. Considering IS as a complex 
phenomenon that transcends bilateral flows, the emergence of symbioses through the 
Sustainable Synergies project takes place often in groups of more than two bilateral 
linkages. Considering Boons et al.’s (2017) definition of IS can be more adequate. 
The authors state that “IS involves a network of at least three actors [i.e. two 
linkages]… [which] implies a certain level of complexity that transcends a flow that 
is only between two actors, with the latter considered a precursor to IS at the time 
that a network is still emerging, or as a component of IS once the network has 
materialized” (p.4). In other words, the emergence of bilateral linkages is the 
precursor of an emerging IS network which also reflects the initial evolution phases 
proposed by Paquin and Howard-Grenville (2012). 
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Acknowledging the IS network emerging from emergent bilateral symbiotic linkages, 
the empirical study of IS emergence through Sustainable Synergies complement 
Mortensen and Kørnøv (cf. 2019 #1), who did not consider the initial network 
formation. Thus, the empirical findings encourage, when studying IS emergence, 
consideration of both the emergence of bilateral linkages and the initial network 
formation, as proposed by Boons et al. (2017) and Paquin and Howard-Grenville 
(2012).  

Applying the IS reproduction model developed by Schlüter et al. (cf. 2020 #4) to 
emergent IS network, important insights on the role of previously emergent symbiotic 
linkages for the emergence of newer ones are obtained (as presented in Appendix II). 
At least four symbiotic cases (the symbioses based on the design of recycled materials, 
the recycling of plastic sheets, the sharing knowledge and mapping services, and the 
re-use of wooden pallets and cardboard boxes) were found to be dependent (in various 
degrees) on earlier emerging symbioses. Moreover, the application of the IS 
reproduction model on the emergent symbioses reflect the relationships between the 
different dynamics of facilitation and reproduction. While the symbiotic linkages arise 
through facilitation and as a result of facilitation process, the emergence of the 
symbiotic network seams to arise from reproduction dynamics. Within this, previous 
symbiotic linkages bud and brood to clone into other synergies and can, after their 
settling, lead to colony formations, and thus to an emergent network development. In 
the cases studied by Schlüter et al. (cf. 2020 #4), most of the synergies arose through 
self-organization and these budded through using the information and knowledge 
made available mostly by the symbionts. The reproduction mode of broadcast 
spawning was found to also lead to cloning and then further development. In the case 
of the facilitated symbioses emerging through the Sustainable Synergies project, 
broadcast spawning was not observed. This can be because the knowledge diffusion 
in the case of symbioses emerging through the Sustainable Synergies project was 
effectuated by the facilitator (and not the symbionts themselves as characteristic for 
broadcast spawning). Moreover, knowledge diffusion was targeted towards specific 
opportunities identified by the facilitator. Thus, the facilitator was the most important 
impetus that made the information and knowledge available targeting specific 
companies and mobilized these to enter new symbiotic relations.  

Furthermore, it is necessary to specify that the symbiotic linkages emerging through 
the Sustainable Synergies project are not established ones, as in the case studied by 
Schlüter et al. (cf. 2020 #4), but still emerging ones. While this is an important 
difference, it is not perceived as affecting the understanding and application of the 
model. This is because a consecutive order of emergence between the initial and the 
follow-on symbioses still exists. Application of the IS reproduction model to the 
emerging IS network through the Sustainable Synergies project was found to offer 
insights into how the different dynamics (of facilitation and reproduction) are 
connected. 
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First, the facilitation team conducts screenings and identifies possibilities for 
symbiotic flows. Information on resources available and companies’ possibilities, 
desires, and needs are collected. Then, while the knowledge and capacity of 
facilitators raises, relational and mobilization capacity is built through continuous 
interactions, face-to-face meetings, dialogues, etc. A sense of trust and commitment 
then develops among the facilitation team and the companies involved in the process. 
The knowledge, relationships, and trust formed between companies and the 
facilitation team can, when mobilized, lead to the same companies entering new 
symbioses through reproducing already emerging synergies, budding on, brooding 
and cloning their symbiotic business idea. One of the facilitation team’s members 
expressed at a group interview described in section 6.1.2. that “in the start we followed 
the process step-by-step, while at a later stage, we knew already the companies, we 
knew their needs and possibilities” (Group interview 2, 2019) and thus new symbiotic 
linkages could emerge from the same symbionts.  

To conclude, it can be stated that although self-organized and facilitated processes can 
lead to an (emergent) IS network formation through reproducing existing or emerging 
synergies, the facilitative dynamic seems to be productive in identifying emergent and 
reproductive possibilities, as these depend mostly on the facilitator and its built 
capacity during a facilitation process.  
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7 INITIAL CONDITIONS FOR INDUSTRIAL 
SYMBIOSIS EMERGENCE   

 

The IS emergence model presented in section 5.1. points at a “pre-emergence phase,” 
understood as referring to the (geographical, technological, institutional, etc.) 
conditions shaping the locality within which IS emerges. These can be, for example, 
the pool of industries and resources present within a geographical context, the history 
of collaborations between actors, or the diversity of (organizational and institutional) 
actors present within the context. Following the call of Mortensen and Kørnøv (cf. 
2019 #1) for a better understanding of initial conditions functioning as antecedents for 
IS emergence when considering the emergence of symbiotic relationships, insights 
into antecedents could shed light on the factors fostering IS emergence in specific 
contexts. 

The examination of IS emergence through the Sustainable Synergies project finds the 
emergence process to be ingrained in specific contextual conditions, which build on 
the facilitative processes and the mobilization of the accumulated (institutional) 
capacity in the region developed by, among others, the Port of Aalborg’s engagement 
with IS emergence. Section 2.1.1 presents that ports can engage with IS due to 
developments organizational, local, and regional levels. Following recommendations 
of Mortensen and Kørnøv (cf. 2019 #1), it became appropriate to dive into the 
antecedents that brought the port to take this pro-active role through exploring the 
developments at the organizational level (i.e. the environmental evolution towards 
becoming the catalyst for IS emergence in the port industrial area). This evolution is 
perceived as an antecedent for the port’s actual involvement with IS emergence. 
Examining this could help better understand the Port of Aalborg’s role during IS 
emergence through the Sustainable Synergies project. This in turn, can shed light on 
the capacity that the port has built to further its approach to IS emergence, and can 
point at future pathways the port can take to support and encourage IS emergence in 
the region. 

Adopting a single case design and collecting data through focus group interviews, 
individual interviews, observations, and document analysis, Mortensen et al. (cf. 2020 
#2) explore the environmental evolution and actions taken by the Port of Aalborg 
during the last decade (2007–2017) for becoming a catalyst for IS emergence in the 
port industrial area. The following section presents the study.  

While the authors acknowledge the use of a sustainability approach in ports’ 
relationships with their hinterlands to create “economically viable, environmentally 
healthy and socially responsible industrial systems” (cf. Mortensen et al., 2020, #2 p. 
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2) in a responsible manner, they began with the environmental actions taken by the 
Port of Aalborg and seem to leave aside the economic and social aspect within their 
study. The delimitation and focus on environmental actions were made based on the 
observation that (larger) ports integrated sustainability into their hinterlands primarily 
through industrial ecology applications. Such an approach sets focus on the 
environmental actions with economic and social externalities. Thus, the 
environmental actions in connection to the Port of Aalborg’s evolution, assume that 
actions also benefit the local/regional economy and society besides benefiting the 
environment.  

Analysis of the antecedents leading the Port of Aalborg towards becoming the catalyst 
for IS emergence in the Aalborg East port industrial area provides insights into 
specific factors that can facilitate IS emergence in this area and specific characteristics 
that this presents for fostering IS emergence. By identifying specific characteristics of 
the port industrial area, the insights raise awareness of the capacity this area has for 
facilitating further IS emergence. Elucidating these aspects, the chapter feeds directly 
into the third research sub-question, as also shown in Figure 17. 



 181    
 





 183    
 

7.1 PORT OF AALBORG’S ENVIRONMENTAL EVOLUTION 
AS ANTECEDENTS FOR THE INDUSTRIAL SYMBIOSIS 
EMERGENCE  

 

This section contains article #2:  

 
Smaller ports’ evolution towards catalysing sustainable hinterland 

development 
 

Lucia Mortensen, Lone Kørnøv, Ivar Lyhne & Jesper Raakjær 

Department of Planning, Aalborg University, Aalborg, Denmark 

 

 

 

This is an Accepted Manuscript of an article published by Taylor & Francis 
in Journal of Maritime Policy & Management, on January the 6th, 2020, 

available online: https://doi.org/10.1080/03088839.2020.1711978 

 

 

  



 184    
 

  



Smaller ports’ evolution towards catalysing sustainable
hinterland development

Lucia Mortensen, Lone Kørnøv, Ivar Lyhne and Jesper Raakjær

Department of Planning, Aalborg University, Aalborg, Denmark

ABSTRACT

From simple organizations as gateways for goods and passengers, ports have
evolved and transformed into complex organizational systems with multiple
functions. Besides providing cargo, logistics, and other kinds of services to its
customers, modern ports engage in the development of their hinterlands.
Sustainability, evolving from environmental actions over the years, has
become the core of many modern ports’ approach towards hinterland
development and port competitiveness. While the literature is concerned
with and presents examples of large ports implementing sustainability initia-
tives, the literature is scarce on smaller ports. This article addresses this gap by
exploring qualitatively the case of the Port of Aalborg, amedium-sized port in
Denmark, and its evolution towards using sustainability for port and hinter-
land development. The research focuses on the actions behind environmen-
tal development at the port. Its evolution is mapped and explored using the
analytical framework developed based on the (larger) ports’ development
and their roles. The findings from the Port of Aalborg case exemplify how
smaller ports can evolve to drive the sustainable development of their hinter-
lands and contribute to a better understanding of this kind of port.

KEYWORDS

Ports; sustainable hinterland
development; environmental
sustainability; port
development

1. Introduction

From simple organisations as gateways for goods and passengers (Sakalayen, Chen, and Cahoon
2017), ports have evolved and transformed into complex organisational systems with multiple
functions and roles such as (a) providing logistical services (Pettit and Beresford 2009; Robinson
2010); (b) providing customers service functions by being integrated into globalized supply chains
(Pettit and Beresford 2009); (c) integrating and catalysing hinterland development (Merk 2013;
Hollen, van den Bosch, and Volberda 2015).

A considerable body of literature on port and hinterland development addresses large leading
Asian, European, and North American ports such as the ports of Singapore, Shanghai, Rotterdam,
Antwerp, Barcelona, New York/New Jersey and Long Beach (Van den Berg and de Langen 2011;
Notteboom and Rodrigue 2007; Hollen, van den Bosch, and Volberda 2015; Lee Lam and
Notteboom 2014; Schipper, Vreugdenhil, and de Jong 2017; Brooks, Cullinane, and Pallis 2017;
Cerceau et al. 2014). These focus on the interplay among ports’ development, their role, and the
port—hinterland relationship. The evolution of ports’ roles and their development is pictured as
increasingly integrating hinterland development.

Mainly addressing larger ports’ hinterland, the literature defines hinterland generally as the
inland-region in (immediate) proximity to the port (Van den Berg and de Langen 2011) and
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connected to the port through the infrastructure permitting the flow of goods (Rodrigue and
Notteboom 2010). The hinterland is conceptualised as fluid and dynamic as it depends on the
flow of goods coming from either business activities in the immediate port proximity, characteris-
ing a captive hinterland, or from farther away through different intermodal infrastructure, char-
acterising a competitive hinterland (Ferrari, Parola, and Gattorna 2011). Furthermore, hinterlands
can be integrated within the port region, being thus continuous and direct, or can be scattered
around a larger region, being thus disconnected from the port region (Notteboom and Rodrigue
2007). The literature is scarce on smaller ports’ development and few are the studies (if any)
addressing the smaller ports—hinterland relation. The scarce literature addressing smaller ports’
hinterland does not make a different definition of the hinterland concept but merely points to the
prevalence of captive hinterlands rather than competitive. This is because smaller ports often lack,
e.g. the cargo volumes necessary for development of a well-integrated intermodal infrastructure and
depend on their direct hinterlands to a higher degree than larger ports. Smaller ports see it as
necessary for them to enter into strong collaborations and integration with their hinterland in order
to mutually develop. (OECD and ITF 2009) Studying this mutual interdependence between smaller
ports and their hinterland development can create rich insight into possible avenues for smaller
ports’ development. The present study aims to shed light onto this kind of relationship. For this
purpose, a focus on the continuous and direct hinterland in immediate port proximity is set forth,
without further distinguishing between the types of hinterlands.

Physical, logistical, and macro-economic perspectives regarding the development of port hinter-
lands predominate the larger portion of port-hinterland literature (e.g. Shi and Li 2016; Hou and
Geerlings 2016). Furthermore, the role of catalysing hinterland development is also increasingly
related to sustainability (Hollen, van den Bosch, and Volberda 2015); sustainable hinterland
development has become the core of many modern ports’ development and competitiveness (Shi
and Li 2016; Van den Berg and de Langen 2011). As hubs of resource flows with geographically
related clusters of industries and ports’ different functions, ports present distinctive characteristics
that allow the creation of economically viable, environmentally healthy, and socially responsible
industrial ecosystems within their hinterland (Gjerding and Kringelum 2018). Hollen, van den
Bosch, and Volberda (2015), for example, describe the case of the Port of Rotterdam, where
sustainability is integrated through the application of industrial ecology, development of an
industrial ecosystem, and synergistic ties among several industries. Cerceau et al. (2014) present
multiple examples of large ports applying industrial symbiosis to achieve sustainability in both port
and hinterland development. They conclude that the development of the industrial ecosystem at
port perimeters drives the sustainable development of the entire hinterland, and this contributes to
port competitiveness.

The current port development models (UNCTAD 1992; Beresford et al. 2006) refer to general
evolutionary trends based on the development of these large ports and point to environmental
actions evolving over time. How smaller ports come to address sustainability respectively, what role
they take, and how they contribute to sustainable hinterland development remains under-
researched. Kuznetsov et al. (2015) find that small ports play a major role in local community
development through contribution to local employment, assuring regional economic growth, and
safeguarding the local environment. Smaller ports are therefore likely to have important roles in
terms of sustainable hinterland development. Just as larger ports do, smaller ports focus on
infrastructure and logistical development. Due to their higher dependence on their direct hinter-
lands, their focus, however, tends to be on socio-economic development rather than the logistical
inter-modal infrastructures. Their evolution in this respect is relevant to be explored and under-
stood, contributing in this way to the scarce body of literature addressing smaller port development.

This article addresses this gap by exploring the evolution of the Port of Aalborg, a medium-sized
port (according to the European Commission’s definition on small- and medium-sized companies
[EC 2003]) in Denmark, and its transformation into a catalyst for sustainable hinterland develop-
ment. The Port of Aalborg is used as an illustrative case since, during the last decade (2007–2017), it
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has implemented multiple environmental actions. Recently, it invested significantly in facilitating
the development of industrial ecosystems driving sustainable hinterland development. The research
question guiding the present investigation is: What key actions (i.e. activities and decisions) have
led the Port of Aalborg to become a catalyst for sustainable hinterland development?

The study is based on the port’s perspectives of own actions as a first step towards creating an
overview and acknowledgement of its own evolutionary path. Therefore, hinterland perspectives on
specific actions are not included. The study focuses on the port’s actions and not on their effects, as
many actions are started as longer processes than the time frame of this research allows to be
tracked. Even though they have been monitored and evaluated, and first evaluation reports and first
indices of potential effects have taken shape, a quantitative measurement of these is yet not possible.
Only some actions’ contributions were possible to be identified and these are included in the paper.

The paper is a contribution to the literature on development of smaller ports and, particularly,
how they are a catalyst for sustainable hinterland development, through the presentation of
empirical evidence for the actions forming the evolution of smaller ports. Hereby, the paper can
inspire modern (smaller) ports on how they can adopt more proactive roles to secure sustainable
development in their respective port and its hinterland.

2. Ports’ evolution towards sustainability: a literature review

As the literature is scarce on the evolution of smaller ports, the following literature review draws
primarily on evolutions among large ports. The aim is to identify environmental actions that shaped
the evolution of ports towards catalysing sustainable hinterland development.

2.1. Modern ports’ environmental evolution: common historical trends

Recognising that a port’s development does not follow a specific model and is not specific to a fixed
period of time (Beresford et al. 2006), some common trends closely connected to the changes within
the international context (market, logistics, regulatory, environmental, etc.) along the years can,
however, be identified.

2.1.1. Ports react to environmental challenges

Until the early 1980s, ports acted as logistical hubs connecting land and sea transport. Traditional
activities were cargo loading and discharging, providing storage places and warehouses, and land
allocation to (heavy and noisy) industries (Paixão and Marlow 2003; UNCTAD 1992). The low
environmental awareness of ports in this period involved ‘a reactive response to incidents’
(Beresford et al. 2006, 98): reactive attitudes towards environmental concerns around dredging
operations and disposal, dust and waste management, noise and air quality relating to the port’s
users’ industrial activities, and port operation (ESPO 2012; Puig et al. 2017; UNCTAD 1992). These
activities encouraged the introduction of environmental management systems at the port territories
to cope with the companies’ internal environmental issues (UNCTAD 1992; Beresford et al. 2006;
Mat et al. 2016). Increased global awareness of environmental challenges (such as climate change
and resource scarcity) during the 1980s brought the environment onto ports’ development agendas.

2.1.2. Ports increasingly integrate with their hinterland and raise their environmental

awareness

During the 1990s and beginning of the 2000s, ports became increasingly embedded in the global
trends of logistics, information flows, and environmental standards (Pettit and Beresford 2009; Lee
and Lee Lam 2016). Ports became commercial, technical, and environmental service centres taking
several actions: mediating contact details, providing through-transport and commercial activities
for port users, providing technical access to the trade and transport community, and providing the
appropriate environmental protection actions (UNCTAD 1992).
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With the implementation of numerous port reforms around the world in the late 1990s and
early 2000s, ports were encouraged ‘to reconnect with their local context and especially rebuild
the port-city interface’ (Mat et al. 2017, 165). The European Sea Ports Organisation (ESPO)
published a Green Guide emphasising ‘the significance of good port–city relations and societal
integration for the operation of a sustainable port’ (2012, 12). Collaborations with local
authorities were thus increasingly established (Brooks, Cullinane, and Pallis 2017). Ports offered
jobs and economic development possibilities to the city, and the city, in turn, offered basic
conditions such as water, telecommunication, housing, etc. necessary for port development
(UNCTAD 1992). Initiatives like these collaborations supported and sustained the ports’ shift
from inward to outward orientation, from a focus on internal matters to a focus on collabora-
tion with their hinterland. In this period, ports were generally adopting a compliance attitude
towards an increasing ‘regulation of environmental impacts and planning statutes’ (Flynn, Lee,
and Notteboom 2011, 503). Some ports transformed from service centres offering facilities and
passive services into organisations demonstrating active environmental behaviour (Beresford
et al. 2006). Common actions among ports concerning environmental development in this
period were environmental capacity-building activities, such as internal training programmes
on environmental issues; participation in international port organisations, such as The
European Sea Ports Organisation (ESPO) and the European Federation of Inland Ports
(EFIP); and implementation of environmental management systems and compliance with
existing (national) environmental regulations and standards (Beresford et al. 2006; Puig et al.
2017).

2.1.3. Ports have become pro-actively engaged in environmental actions in collaboration with

their hinterland

Increased environmental awareness in society has caused an ‘increasingly proactive’ environ-
mental attitude in the 2010s (Beresford et al. 2006, 98). Modern ports are described as ‘agile
ports’ characterised by a deliberate proactive attitude concerning environmental management
strategies, knowledge-informed decisions, and the development of strategic partnerships and
alliances with their customers (e.g. Paixão and Marlow 2003). A shift has been made from
a focus on compliance and meeting regulations on planning and environment (Lee and Lee Lam
2016, 189) to an increasingly proactive attitude with an ‘active outreach to [the] community in
[the] planning and decision-making process’ (Flynn, Lee, and Notteboom 2011, 503). Actions
related to, for example, the establishment of a ‘port–city interface,’ ‘waterfront development,’
and an ‘active green port policy’ (Lee and Lee Lam 2016) have been taken in more and more
ports, and these are evidence of the ports’ environmental efforts directed towards the local
communities. Environmental actions and management systems have become an active instru-
ment in addressing environmental challenges of both port operations and their users’ industrial
activities. The environmental attitude has been either a ‘short-term reaction to a declared urgent
situation’ or a precaution strategy in response to environmental regulatory changes (Cerceau
et al. 2014).

2.1.4. Sustainability becomes the ports’ and their hinterland’s development strategy

In the last decade, sustainability has entered ports’ business strategies (Acciaro et al. 2014; Lu,
Shang, and Lin 2016). Socio-economically, ports have been concerned with their (direct and
indirect) contribution to the local employment rate, the development of education and knowledge,
the ‘liveability’ of the surrounding area, and the overall relation between the port and the city (Pettit
and Beresford 2009; ESPO 2012). Environmentally, these ports have been increasingly concerned
with coordination and implementation of industrial ecosystem initiatives and symbiotic relations
between the port, industries, and the city through industrial symbiosis, in addition to the initiatives
at the port perimeter and activities supporting environmental management systems (Lee and Lee
Lam 2016; Cerceau et al. 2014).
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2.1.5. Ports enter increasingly pro-active partnerships to achieve port and hinterland

sustainability

Industrial ecology initiatives have been widely carried out in collaboration with public bodies,
research institutions, and ports through partnership creation (Merk 2013; Cerceau et al. 2014;
Spekkink 2015). Generally, modern ports have been given an interesting role within these (Merk
2013; Cerceau et al. 2014; Mat et al. 2016), being described as potent platforms for fostering new
synergistic possibilities (Notteboom and Rodrigue 2007; Verhoeven 2010), for collaborative
efforts across organizational boundaries, and for being able to contribute to economic and social
development within both the private and public sectors. Moreover, they are described as
‘laboratories for the implementation of industrial ecology’ (Cerceau et al. 2014, 2), and found
to play the role of proactive coordinators between private and public actors and sustainable
hinterland developers (ESPO 2012; Cerceau et al. 2014; Shi and Li 2016; Van den Berg and de
Langen 2011).

Actions like the above reflect a deliberately proactive attitude oriented towards increasingly
integrating port and hinterland development (Lee and Lee Lam 2016; Flynn, Lee, and Notteboom
2011; Lee Lam and Notteboom 2014). The relationship with the local community has been
positioned high on the ports’ environmental priority lists, along with the inputs on environmental
issues and challenges (Puig et al. 2017). Ports increasingly have taken a community focus and
a managerial approach to stakeholders when addressing related issues (e.g. environmental pollution
and port development) and have implemented these in a cooperative way through close cooperation
with stakeholders and by creating partnerships (Flynn, Lee, and Notteboom 2011). Developing
partnerships is found to be ‘critical for ports’ sustainable performance in environmental, economic
and social contexts’ (Sakalayen, Chen, and Cahoon 2017, 943) and to contribute to fulfilling the role
of catalysing sustainable hinterland development.

3. Analytical framework for investigating port evolution

The literature review of the historical development of ports, described above, outlined how ports’
evolution has been driven by environmental actions towards sustainable hinterland development.
Based on the evolutionary trends described in the literature review, we propose the following
analytical framework, showed in Figure 1, for investigation of key actions leading ports to become
catalysts for sustainable hinterland development:

FOCUS ON EXTERNAL 

COLLABORATION &
PARTNERSHIPS

FOCUS ON INTERNAL 

COMPANY MATTERS

REACTIVITY 

AND/OR 

COMPLIANCE 

STRATEGIC 

PROACTIVITY

Figure 1. Analytical framework for understanding port development based on two dimensions related to degree of proactiveness
and focus on collaboration.
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The analytical framework allows the representation of actions in accordance with proactiveness/
reactivity and internal/external collaboration/partnerships. By mapping actions this way, a two-
dimensional overview of key actions’ characteristics for port and hinterland development can be
provided. Understanding actions through these two dimensions allows for a more holistic under-
standing, embracing the complexity and specificity of each action. Furthermore, it allows setting
these actions and their possible effects in both micro and macro environmental perspective.
Furthermore, mapping actions through the two dimensions provides a possibility for identifying
similarities/differences in port development trajectories between (larger) ports and the case study of
the Port of Aalborg. Additionally, it can serve as a starting point for discussing development trends
in both larger and smaller ports.

To operationalise the framework, the extremes of the dimensions are defined in the following.
‘Reactivity and/or compliance’ are actions occurring as reactions to external issues, regulations, or
desires for better control (Cerceau et al. 2014). They present a short-term vision with a low level of
environmental ambition and the aim of reducing and preventing the impacts of an external
requirement. ‘Strategic proactivity’ can be characterised as key actions with a high level of ambition
(Beresford et al. 2006) and the aim of creating desired sustainable futures by changing institutional
conditions or provoking changes among stakeholders (Cerceau et al. 2014). These actions typically
have a long-term perspective. What falls in between these two extremes are the precautionary
actions. These can be a response to forecasted changes, technological innovations, and/or the use of
port infrastructure. These are considered by Cerceau et al. (2014) as actions with a medium level of
environmental ambition and time perspective.

Actions with a ‘focus on internal company matters’ are oriented towards developing the
corporate aspects of the port without collaboration with society. These actions aim at improving
business by having an inward-orientation of activities and processes, and they typically have
a short-time perspective. Actions with a ‘focus on external collaboration & partnerships’ reflect
a view that port development inherently relates to the society’s development. Therefore, these
actions are about collaboration, alliances, and partnerships with external actors, and aim at long-
lasting relations. Actions that are in the middle of this axis reflect that port development is achieved
through dialogue with the port’s stakeholders. These actions are related to the port’s operation and
development activities, as well as, for example, the industries at the port’s perimeter (Puig et al.
2017).

The framework is applied on the single case that constitutes the analysis unit of this paper. It is
however considered a generic framework that can be also used in multiple case studies of port
transformation processes.

4. Methodology

The investigation of ports’ actions in their evolution to become catalysts for sustainable hinterland
development is done through qualitative research using a case study approach. The use of a single
illustrative case study is a well-recognised qualitative research method for both descriptive (‘what’
types of questions) and/or explanatory research (‘how’ or ‘why’ types of questions) (Yin 2006). It is
a particularly strong tool when performing an in-depth analysis in a real-life context. This is
precisely the aim of this study.

The study was carried out as part of a larger collaboration between Aalborg University and the
Port of Aalborg. This comprises a strategic partnership, called Environment++, aiming to catalyse
sustainable business development through industrial symbiosis. Special attention has therefore been
given to the relation and interaction between researchers and the port management, and what it
may mean for the validity and reliability of the study. The approach is in line with the change agency
approach described by Kørnøv et al. (2011), in which the relationship is acknowledged and
considered in the research approach.

6 L. MORTENSEN ET AL.



4.1. Data collection methods and analysis

A focus group interview is the core method used for data collection. An in-depth, semi-structured
interview is supported by observations and document analysis and is validated through follow-up
conversations. The qualitative methods elicit descriptive data and opinions from respondents who
have first-hand insights and experience into the process of the port’s development.

4.1.1. Observation and document analysis

Participant observation took place during a period of 1.5 years (between 2016 and 2018). The
observations were unstructured in order to observe as many details and aspects as possible. The
extent of observation varied throughout the period. The authors took part in internal port meetings
and meetings between the port and external stakeholders. For some periods, they also observed
daily activities. The data were collected both as passive observation and more actively through
unstructured and informal conversations with participants. The observations gave significant input
for the understanding of participants’ actions and their sense-making. Moreover, they contributed
to the understanding of the context and contextual conditions for port development. This under-
standing provided a basis for undertaking the focus group interview.

A preliminary document analysis of written documents related to the Port of Aalborg’s devel-
opment (e.g. the port’s strategy and development plan, CSR policy, and sustainability strategy)
informed the focus group interview. A post-interview document analysis provided in-depth infor-
mation on key actions identified by interview respondents and served to validate them.

4.1.2. Focus group interview

The focus group interview aimed at mapping the (environmental) actions within the Port of
Aalborg’s evolution towards catalysing sustainable hinterland development. For guiding and
directing the discussions in the group, the following main question was addressed: What significant
actions have been taken by the Port of Aalborg from 2007 to 2017 that have had a focus on
environmental and/or sustainability concerns? Moreover, the respondents were asked about the
motivation/driver/rationale behind these actions, to get a more in-depth description of each of
them.

The participants for the focus group interviews were selected according to the following criteria:
(a) respondents must have knowledge and/or competences related to environmental/sustainability
concerns, (b) respondents are internal to the organisation and represent different levels of manage-
ment, (c) respondents know each other, and (d) respondents must have at least five years of
employment in the organisation.

The production of knowledge in a focus group depends upon the participants’ social interaction
(Morgan 1997); therefore, criteria (b) and (c) were chosen with the aim of balancing heterogeneity
and homogeneity—allowing for exchange and less risk of unconstructive conflicts between parti-
cipants. Having participants who know each other also allows them to deepen each other’s
perspectives because of shared experiences (Bloor et al. 2001).

The respondents from the Port of Aalborg included all relevant stakeholders in the port: the
CEO, the resource and development director, the technical and environmental director, the sales
and marketing director, and the environmental coordinator.

The focus group was conducted by two researchers: a facilitator and an observer. The role of the
facilitator was first and foremost to maintain the focus with help from the interview guide and to
encourage the interaction in a non-evaluative environment. The observer’s role was to record the
focus group, observe, and take notes. The observer also supported facilitation with complementary
questions.

The focus group was undertaken as a ‘funnel-based interview’ (Morgan 1997), balancing
a structured approach. The compromise between a more and less structured approach ‘makes it
possible to hear the participants’ own perspectives in the early part of each discussion as well as their
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responses to the researcher’s specific interests in the later part of the discussion’ (Morgan 1997, 14).
For the mapping of key actions during the focus group interview, a visualisation technique based on
the developed framework and inspiration from Larondelle, Frantzeskaki, and Haase (2016), was
used. Mapping is a relevant method for identifying the ‘hot spots’ in an evolutionary process,
visualising and communicating them to relevant actors, and for reflecting on their consequences.
Inspired by the method used by Larondelle, Frantzeskaki, and Haase (2016), the mapping was
carried out as follows:

(1) Identifying the historical key actions: The focus group interview started with an individual
brainstorming session on actions the port undertook in the period of 2007–2017 relating to
environmental development in order to identify the key actions. Each action was written
down on separate cards. Open discussions of each other’s cards followed. Then, together, the
respondents identified the most important actions and co-created the ‘common past’
through reconstructing the overall picture of port’s environmental evolution.

(2) Mapping the key actions on the diagram visualising the analytical framework. The respon-
dents were introduced to the analytical framework (see Figure 1) and to characteristics of
each end of the two axes. The respondents had a fewminutes to discuss the ends of the graph
and agree on common criteria for placing actions on a specific spot on the graph. Then,
together, they analysed each key action, discussed its place on the graph, and agreed on
a specific position. Mapping the key actions was subject to complex discussions, negotia-
tions, and agreements among participants.

(3) The final placement of each action was thus the result of all respondents’ trade-offs, with no
influence from researchers. The respondents were asked to communicate any remarks they
might have on positioning the key actions on the graph. For the objectivity of the study, the
position of each action was kept as mapped by the respondents and not as perceived by the
researchers. However, the researchers, through further observations and discussions with
the port staff, realized that actions can move from being perceived as reactive towards being
perceived as pro-active as they are further implemented. This fluidity of actions is acknowl-
edged, without being considered for this study. Presenting the (rather static) picture of
actions as they were perceived at the time of the key-informant interview has been con-
sidered the more appropriate method for an overview of the port’s evolutionary path.
Further studies of the same case (or comparing multiple cases) could focus on both the
fluidity of actions and their effects.

The analysis of the focus group interview was based on the full transcript and observation notes.
The transcript was analysed manually through a content analysis exploring key actions and their
characteristics.

5. Findings from the Port of Aalborg

5.1. Introduction to Port of Aalborg

Port of Aalborg is a public limited company with Aalborg Municipality as the only shareholder.
Located predominantly in the eastern part of the city of Aalborg, Denmark, the port spans an area of
5.5 km of quay and 5,200 ha of industrial areas encompassing its present infrastructure (quays,
roads, buildings, halls, etc.). The Port of Aalborg is the fifth largest port in Denmark measured on
revenue. However, it is a smaller port, having a turnover of approximately €26 million, 90 employ-
ees, and up to 3.1 million tons cargo throughput (Port of Aalborg 2015, 2018), when compared to
large ports such as, e.g. Port of Rotterdam, which has a turnover of €710 million, 180,000 employees,
and 467.4 million tons cargo throughput (Port of Rotterdam 2018). The Port of Aalborg functions
as both a traditional port (with traditional port activities such as logistics and cargo management)
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and as a landlord port (owning and managing the sites in the port’s perimeter). Recently, the port
has taken an active role in transforming the existing industrial system at its hinterland into
a sustainable ecosystem through collaborative strategies. The Port of Aalborg’s continuous and
direct hinterland spans more than 150 companies within a wide range of businesses organized in
several clusters, such as cement, wind energy, oil, waste management, food companies, ventilation,
logistics, etc. The port has taken a series of actions related to sustainable hinterland development in
recent years and thus is an interesting case.

5.2. Evolution in actions at Port of Aalborg

The document analysis and the discussions at the focus group interview, followed-up by individual
conversations and participant observations, revealed multiple actions regarding environmental and
sustainability concerns shaping the port’s development from 2007 to 2017, as presented in Table 1.

Table 1. Actions regarding environmental and sustainability concerns shaping the Port of Aalborg’s development over
2007–2017 period.

No. Action Year

1 Fjord clean-up activities. Attention is given to environmentally friendly sediment clean-up in the Limfjord
and dredging activities. Limfjord is the sound that separates the Nørrejyske Island from the rest of Jutland
peninsula and on which shores Aalborg is situated. The Port of Aalborg is responsible for the
maintenance of the fairway.

2007–2008

2 Infrastructure improvement actions.
2a Building a cold store for goods transported through the harbour (more efficient than many small stores). 2007
2b Enlargement of the container terminal, allowing the movement of a larger quantity of goods. 2007
3 Employment of the first environmental coordinator. 2009
4 Implementing the environmental management system ISO 14001 at the port. 2010
5 Employment of a new environmental coordinator with a more strategic orientation. 2011
6 Establishment of Business Network 9220 in the Aalborg East area with a green ambition. 2011
6a Promoting industrial symbiosis in Aalborg East through the Business Network 9220 activities. 2012
6b Approaching port development deliberately through different levels of environmental awareness. 2011–2012
7 Customer oriented environmental services
7c Improving the processes of obtaining environmental permits. 2011–2012
7d Using the environment as a lever in developing relations with new customers. 2011
8 Voluntary environmental improvements
8a Establishing energy-saving and optimisation solutions at the port’s perimeter, such as LED bulbs, solar

panels, and passive buildings.
2012

8b Improving the waste management on the port’s territory. 2013
9 Increasing focus on waste management companies and developing environmental clusters at the port’s

perimeter.
2012

10 Sustainability strategy development and formulation of decision principles leaning on sustainability. 2014
11 Voluntary environmental improvements
11a Introducing efficiency activities such as diesel filters on the port’s equipment. 2014
11b Establishing the railway for goods transportation connecting the port with national/international railway

lines.
2015

12 Decision to become a CO2-neutral port. 2014
12a Increasing the focus on companies working with green energy solutions. 2014
13 Developing a compliance analysis in relation to planning and environmental law. 2015
14 Exploring possibilities within circular economy principles application. 2016
15 Initiating the strategic initiative Environment++ with a focus on developing sustainable business models in

the port’s region through industrial symbiosis.
2016

15a Initiating an industrial PhD with a focus on strategic stakeholder engagement in Environment++ 2016
16 Enlarging the port’s environmental management system to incorporate quality and risk assessment

systems.
2017

17 Developing the Port Reception Facilities (PRF), such as onshore sewage facilities for ships. 2017
18 Adoption of the quadruple helix approach within the port’s activities. 2017
19 Considering environment as a strategic parameter in relation to the port’s customers. 2017
20 Developing a voluntary environmental codex for the port’s customers. 2017
21 Working with sustainable development goals. 2017
22 Mapping the existing industrial symbiosis in the Aalborg region. 2018
23 Deciding to make Aalborg East the most sustainable part of the city. 2018
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The key actions identified were mapped by the respondents and the result is pictured in Figure 2.
The figure shows that the Port of Aalborg is concerned with environmental issues and has acted in
all quadrants of the analytical framework over time. The actions are presented chronologically in
Figure 2.

A closer analysis of the key actions identified by the respondents in the specific quadrants
indicates a change in the environmental focus, developing from a narrower (sector-oriented)
concept of environment to a broader (holistic) sustainability one. Whereas the more sector-
oriented activities (e.g. cleansing of sediment, energy saving) continue as part of the ordinary
port operation, wider and more holistic initiatives are being launched for future port and hinterland
sustainable development. This observation makes it possible to group the actions in four categories,
presented in Figure 3. Actions characterised as being internally oriented and reactive are about
standardising internal environmental compliance to contextual developments. Actions charac-
terised as externally oriented and reactive are about improving environmental compliance in the
port’s hinterland. Actions characterised as internally oriented and proactive are about fostering
a sustainable port. Actions characterised as externally oriented and proactive are about co-
generating sustainable hinterland development. The relatively longer list of actions on co-
generating sustainable hinterland development in the last couple of years seems to indicate the
present direction and future tendency of port development. However, the recurring actions in the
other quadrants seem to suggest that attention and actions in these categories need to be
a continuous focus.

5.2.1. Standardising internal environmental compliance

In the period before 2009, the Port of Aalborg was confronted with initial environmental challenges
arising from dredging and sediment clean-up activities in Limfjord (i.e. the sound that separates the
Nørrejyske Island from the rest of the Jutland peninsula and on the shores of which Aalborg is

Figure 2. Respondents’ mapping of significant actions in relation to the level of reactiveness–proactiveness and the level of
collaboration–proactiveness.
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situated) and energy efficiency challenges related to the storage of goods. The port took a reactive
attitude towards establishing supporting infrastructure benefiting the customers [2],1 using the best
available technology at that time, and began to consider environmental protection actions focusing
on internal environmental issues [1]. Based on these considerations, interview respondents classi-
fied these actions as proactive. These were the first steps towards putting environmental issues on
the port’s agenda and articulated the port’s decision to make the environmental aspect
a competitive parameter for port development. The focus on transforming environmental issues
from a threat into economic possibilities, and the managerial and leadership support for this, sets
the foundation of port transformation through further environmental and sustainability actions.

5.2.2. Fostering a sustainable port

The actions towards sustainability achievement at the port’s perimeter were consolidated with the
employment of the port’s first environmental coordinator [3], who was later replaced with the
present one [5]. The employment of an environmental coordinator was perceived as a proactive
action at the firm level, as it has generated and contributed to the implementation of a series of
further environmental actions that drove organisation and sustainability at the company level. One
of the first actions towards organising and standardising the port’s environmental compliance was
implementation of the environmental standard ISO 14001 [4]. It was first thought of as an
instrument to react to environmental challenges at the firm level (hence its position on the
graph). Later, this view on ISO 14001 changed, and, based on observations, it is currently used
for proactive port development, being integrated with risk- and quality-management systems [16].
Implementation of ISO 14001 has generated continuous focus on environmental improvements,
a strategic approach to environmental development, and savings from the environmental improve-
ments that have been implemented. Integrating it further with the risk- and quality-management

Figure 3. Categorisation of the activities of the Port of Aalborg in the four quadrants.
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systems is expected to result in an increase in environmental benefits and a decrease of risk
regarding environmental and quality issues.

This work at the company level, and an increasing customer engagement in 2010 and 2011, led to
actions towards fostering and co-generating sustainable hinterland development. Establishment of
the Business network 9220 [6] is perceived as the first collaborative action proactively catalysing
sustainable hinterland development. The experiences from being one of the co-founders of the
network fuelled port development towards adopting a more proactive attitude towards environ-
ment and sustainability as a whole. The activities of the network were based, among other things, on
promoting industrial ecology through developing symbiotic linkages among and in collaboration
with different industries in the port hinterland. As a result of this work, the port’s commitment to
environmental development is structured and port development is approached through the various
environmental awareness levels. Furthermore, the establishment of the Business network 9220 has
contributed to the establishment of a collaboration platform, improved knowledge capabilities of
port and other companies in the hinterland, improved relations between the port and the compa-
nies in the network, and the establishment of collaborations among companies regarding waste
management. Internally, at the port’s level, customer-oriented services such as improvements in the
process of obtaining environmental permits were offered and environmental aspects started to be
used deliberately and proactively as a lever in developing relations with new customers [7] aiming
for sustainability achievement.

The increased environmental awareness and concern with implementing environmental activ-
ities led to a series of voluntary technical improvements at the port territory [8]. Energy-saving and
optimisation solutions such as LED bulbs, solar panels, and passive buildings were established; the
waste management on the port’s territory was likewise improved. The focus on waste management
increased the focus on waste management companies [9]. These technical improvements increased
the port’s energy efficiency and savings on energy. The technical improvements at the port allowed
for the shaping of the port’s experience with energy technology and waste management possibilities
that later could be transferred to customers and other companies in the business network and in the
port’s hinterland.

Furthermore, technical improvements contributed to formulating the port’s first sustainability
strategy [10] and to encouraging the port in establishing the ambition of becoming a CO2 neutral
port in 2014 [12]. As a result of the port’s technical improvements, the negative effect on the climate
steadily decreased in the years up to 2017 at which time these improvements contributed to the port
reaching a CO2 neutral state.

Even though it was perceived as a proactive action taken at the company level, the sustainability
strategy’s implementation was through a series of other technical improvements and environmental
actions taken in collaboration with and for the port customers and stakeholders [11]. Efficiency
activities such as introducing diesel filters on the port’s equipment and the railway for goods
transportation, and connecting the port with national/international railway lines, were established.
These actions were perceived by respondents as a significant success, as they contributed to the
port’s image and were a profound example of sustainability in practice in focusing on internal
matters (such as creating practical examples of environmental improvements) or in focusing on
developing collaborations (such as developing networks and improving the company’s relational
capacity). They inspired the port to continue with other voluntary technical initiatives.
Furthermore, the first sustainability strategy that was formulated encouraged the identification
and formulation of decision principles used in the port’s overall decision-making process based on
the sustainability concept.

Moreover, the formulation and implementation of a sustainability strategy [10] and the devel-
opment of a compliance report [13] that advised the port to take a more proactive attitude than it
had before kick-started an avalanche of ambitions. These are the background for anchoring
environmental aspects and sustainability actions deeper into the port’s development. One
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respondent mentioned that they ‘dared to think big and set some “crazy” goals’ and that this had
inspired them to think differently and see different ways of port development.

5.2.3. Co-generating sustainable hinterland development

At the same time, focus has been raised on the port’s relation to its hinterland. The concepts of
industrial ecology and the circular economy have infiltrated into national and international policies.
The Port of Aalborg let itself be inspired by these trends and has started to explore the possibilities
of applying circular economy principles and use them proactively in the port development strategy
[14]. Environment++ [15] is one of the largest initiatives that the port has developed with a focus on
actively using environment as a strategic growth parameter. Attention has been given to both
contributing to the initiation of new sustainable businesses at the port perimeter and its hinterland,
and to actually thinking about and developing a model for encouraging and sustaining these
through investments in an industrial PhD project focusing on these aspects. These initiatives
were unanimously mapped as proactive, in that respondents agreed that these investments are
probably ‘the most daring “soft” investments.’ Soft investments include and contributed to creating
the knowledge infrastructure necessary for developing newmodels driving sustainable development
in the port hinterland. These initiatives are still unfolding and no specific contributions, other than
the acquisition of knowledge, relational, and mobilisation capacity are yet identified. It is, however,
expected that a multitude of synergies will be established as an outcome of these initiatives and these
will lead to a specific amount of CO2 savings and resource efficiency.

The last couple of years can be characterised by steadily increasing levels of proactiveness and
collaboration balanced with reactive actions. In line with this ambition and building up on
Environment++ actions, the port has taken an increasing role in the sustainable development of its
hinterland through the mapping of existing industrial symbiosis linkages in the Aalborg region [22] and
contributing to new ones. The port also got involved in developing (technical, knowledge, and social)
infrastructures, such as the establishment of new port reception facilities (e.g. onshore sewage facilities
for ships) [17], and networking activities. Furthermore, sustainable development goals [21] have been
considered in addressing the port’s transformation towards fostering environmental actions and
catalysing sustainability within its hinterland. The most strategic and collaborative action is perceived
to be the adoption of a quadruple helix approach to environmental challenges [18], accentuating the
high ambitions of making the Aalborg East area the most sustainable part of the city.

5.2.4. Improving environmental compliance in the hinterland

An incident with a waste management company on the ports’ perimeter caused environmental
problems with significant economic consequences in 2016. This triggered the port to adopt
a strategic environmental attitude towards its customers [19] when organising environmental actions.
The company’s problem provoked similarly reactive, but more collaborative actions such as devel-
oping a voluntary environmental codex [20] addressing the companies at the port’s perimeter and
within its hinterland. However, it is found that incidents not only provide the background for
environmental sustainability improvements but also organisational restructuring and new acquisi-
tions. For example, acquisition of new quay areas in January 2016, where windmills had previously
been established, and the focus on implementing the port’s sustainability strategy, provided the
possibility and background for the long-desired goal of becoming CO2 neutral [12]. This inspired
the port to take further actions in the pursuit of this goal and towards achieving sustainability.

6. Discussion

6.1. Methodological considerations

The paper studied the Port’s actions towards catalysing sustainable hinterland development. The
research took a reflexive approach on the port’s own actions without including the voices of hinterland
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actors. This was due partly to the need for ports’ acknowledgement of their own evolutionary path and
partly due to the fact that no effects can yet be quantitatively measured in the hinterland. First indices on
actions’ effects are taking shape, but it is yet too early in the process to be quantitatively measured.
Further monitoring and research on actions, resources used to implement them, and actions’ effects on
sustainable hinterland development are needed. Including the voices of hinterland actors will bring
significant value to further studies.

6.2. Small- and medium-sized ports versus large ports

This study aimed at supplementing the considerable literature on large port development with insight
into smaller port development through the case of the Port of Aalborg. It is therefore relevant to discuss
similarities and differences between the Port of Aalborg and the literature on large ports.

The evolutionary path of the Port of Aalborg has exemplified a possible development trajectory for
smaller ports. This trajectory has proven to follow the developmental path of larger ports, albeit time-
delayed.

A shift in (both larger and smaller) ports’ roles from marine and cargo handling to being ‘a
multimodal node in logistical chains’ and to a focus on the sustainable development of their inlands-
hinterlands poses an increase in the complexity and uncertainty of ports’ strategies and actions (Taneja,
Ligteringen, andWalker 2012, 84). Just the size of ports may indicate different strengths and weaknesses
in this situation: large ports have resources and competences to manage increased complexity and
uncertainty, whereas smaller ports may be more agile (Paixão and Marlow 2003) with faster decision-
making systems, less bureaucracy, and higher adaptability levels. This study indicates that smaller ports
like the Port of Aalborg may have an advantage in being agile and thus have the potential to be
frontrunners in sustainability initiatives. In the case of the Port of Aalborg, the agile organisation is
combined with a profound bottom-up decision-making model, labelled by one focus group participant
as ‘professional democracy,’which seems to be a strong approach towards being proactive on contextual
developments.

Whereas large ports have considerable resources, e.g. human, land, and financial, and are able to self-
support many of their port-development actions, smaller ports depend on resources among actors in
their hinterland and contexts to support their ports’ development (OECD and ITF 2009). In the case of
the Port of Aalborg, these resources are found to be in strong collaboration between the Port and its
stakeholders: Aalborg University, Aalborg Municipality, businesses in Aalborg, etc. Smaller port hinter-
lands set specific requirements and expectations on port development (Merk 2013) to a larger degree
than larger ports’ hinterland. It is therefore likely that the environmental development actions of smaller
ports are dependent upon and influenced by other actors to a higher extent than in larger ports. This
might pose considerable challenges to smaller ports’ ambitions on sustainability, and smaller ports’
actions may thus need to be even more collaborative to create the desired developments. As in the case
of the Port of Aalborg, the environmental pro-activeness of the port has increased with the years and so
have the collaborative actions. Even though the port is the one taking the environmental initiative and
pushes its hinterland development towards sustainability, it cannot do it alone, but rather only in
collaboration and in partnerships with hinterland actors. How this is similar or different from larger
ports’ relationship with their hinterlands needs to be identified through further research. Special focus
on the effects of actions is needed in order to identify the exact outcomes of actions.

6.3. Future development as institutionalisation of actions?

The evolution of the Port of Aalborg indicates a stepwise institutionalisation of actions: The reactive and
internally oriented actions have been made for several decades and have now been well standardised.
The proactive and internally oriented actions also have a long history and have recently been standar-
dised inmanagement systems and strategies. The reactive and externally oriented actions are historically
newer and have been systematised in a codex. The proactive and externally oriented actions are still
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developing in nature and format; however, the Port of Aalborg is eager to institutionalise these actions
through partnerships. One interviewee formulated it: ‘[Otherwise, we cannot] get close enough [to
stakeholders and] achieve our vision. The role distribution is missing, in one way or another. You get it
through partnerships.’ The interviewees are aware that acting in partnerships requires them to ‘redefine
nearly everything’ in terms of self-understanding and port identity, because ‘the control is dispersed
among actors within the [partnership] network.’ The port has a need to reflect on and develop new
capacities to navigate within collaborations and partnerships. Questions such as ‘what kind of power lies
in the different models of [network] governance?’ and ‘what is our role and what should we do?’ are
outlined by interviewees as key challenges. The future development of the port depends on how the port
will interpret and act on such questions, but also on the port’s awareness of its own capacities and
openness for building new ones.

In contrast to this institutionalisation of action, the study also indicates a dynamic movement of
actions across quadrants. As examples, observations of the Port’s activities indicate that the initiative on
the UN’s Sustainable Development Goals is changing from reactive action to proactive action, as is the
initiative on an environmental codex. As another movement, the Port’s initiatives on being a CO2-
neutral port and the implementation of the port sustainability strategy seem likely to be increasingly
collaborative actions due to the dependency on other actors, especially in the implementation.

7. Conclusion

The in-depth investigation of environmental actions in the evolution of the Port of Aalborg provided
detailed insight into the smaller ports’ trajectories and possibilities for sustainable development. The
study provides empirical insight into (smaller) modern ports’ evolution and contributes thus to the
literature on port development and ports’ roles for sustainable hinterland development.

The analysis of actions leads to identification of four action categories undertaken by the Port of
Aalborg in its evolution towards catalysing sustainable hinterland development. Although actions
from all categories occur simultaneously throughout the studied decade (2007–2017), the actions on
‘co-generating sustainable hinterland development’ are dominant, especially in recent years.

In discussing the findings of the case study in relation to developments in large ports, arguments are
provided to support the idea that large and smaller ports have different strengths and weaknesses in
their capacities to develop and implement sustainable strategies. Smaller ports, it is argued, are more
dependent on other societal actors than larger ports. As a consequence, sustainability may be a vital
instrument to uphold societal support and to survive as a port. These arguments support the tendencies
of increased collaborative and proactive actions in smaller port development, as observed in the Port of
Aalborg. In this way, the paper outlines important insight and inspiration for how modern (smaller)
ports can adopt more proactive roles in sustainable port and hinterland development.

With the findings on the Port of Aalborg, numerous smaller ports worldwide can now be regarded as
potential core actors in local initiatives for promoting a more sustainable society. Further research on
other smaller ports is suggested as a means to validate and better understand evolutionary paths and
possibilities among smaller ports and to clarify and substantiate the smaller ports’ potentials in terms of
sustainable hinterland development.

Note

1. The numbers in brackets correspond to the items listed in Figure 2 and Table 1.
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7.2 AALBORG EAST PORT INDUSTRIAL AREA’S 
CHARACTERISTICS: INITIAL CONDITIONS FOR 
INDUSTRIAL SYMBIOSIS EMERGENCE 

Port of Aalborg’s evolution has built its capacity for IS-aiming initiatives. 
Analyzing the environmental evolution of the Port of Aalborg, as presented by 
Mortensen et al. (cf. 2020 #2), permits the observation that the port’s environmental 
evolution has brought the port towards deeper engagement with sustainability through 
the application of IS strategies. Catalyzing industrial symbiosis emergence and 
development in the port industrial area through Environment++ appears rooted in the 
port’s environmental decisions and actions taken through the years, both at the 
organizational level and in the relation with its hinterland. These appear to be built on 
the port’s various motives and the capacity accumulated over the years through 
experiences from such activities. 

First, experiencing environmental issues that increasingly put pressure on the port’s 
development and that were associated with increased costs, in 2009 the port 
established an environmental department and made the strategic decision of “making 
environment the port’s competitive parameter” (Focus group interview, 2018). 
Because “if it only becomes a cost, we will die in competitiveness … we need to create 
something more valuable than just a cost” (Focus group interview, 2018). With this 
decision, the port moved from being reactive to having a “compliance plus” strategy 
(Roome, 1992, pp. 18–19). The decision to establish an environmental department 
marked an increased focus on environment as the port’s competitive parameter and 
started a series of environmental actions, which Cerceau et al. (2014, p. 11) calls 
“short-term reactions to a declared urgent situation and the middle-term strategy of 
precaution in response to environmental challenges”.     

The perceived need to increase the port’s competitiveness through creating good 
stories and providing inspiration for other companies in its hinterland through own 
environmental actions led the Port of Aalborg to engage with implementing energy 
saving, waste reduction, and management initiatives through the last decade. Such 
actions seem to have created credibility around other actors in the port hinterland and 
legitimized the port’s role as a catalyst for later IS initiatives. The value of the concrete 
and visible results was highlighted by the focus group interviewees (Focus group 
interview, 2018): “Some of the things, we know are good for something like this, is 
that we get it out in the open—that there is something to see. We are an engineering 
company where you can see and fee+l it and show it to other people, so it shows you 
are in progress.” Having concrete examples to show others demonstrated the port’s 
seriousness and commitment: “We showed others in the world that we meant this. The 
solar panels were the symbol of it” (Focus group interview, 2018). Through these 
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actions, the port got experience with environmental processes, acquired knowledge 
and information on various (legislative, energy, etc.) aspects, and created new 
relations with various partners, including researchers at AAU, the municipality, and 
private companies that provided the technology needed.  

Later, in 2017, learning from the experiences with a company going bankrupt at the 
port’s perimeter and leaving its environmental challenges to the port, the port decided 
to integrate environmental concerns and risks into its business strategy and into the 
port’s relationships with companies at its hinterland: “It [was] not about that X going 
bankrupt, but it was about not to be scared [of such incidents] and to want to become 
more competent [tackling such situations],” and “we are getting wiser and stronger. 
Because we say ‘that’s what we cannot afford’ ... we simply have to arm the system, 
so that we become immune” (Focus group interview, 2018). This experience seems to 
have accentuated the necessity of the port taking more pro-active action towards its 
own organization and toward sustainable hinterland development. 

The acceptance of risk in not showing proactivity with regards to environmental 
concerns was balanced against the acknowledgement of the business opportunities 
that could lie in environmental proactivity: “What would be great is if you can do 
both: Create [economic] prosperity while benefiting the environment. This is actually 
the art. Because if it only becomes a cost, we will die in competitiveness … We shall 
be able to do this in every aspect—also commercial” (Focus group interview, 2018).  

The port’s motivation, rooted in the convergence between economic growth and 
environmental protection, combined with the acknowledgement of its own role within 
its hinterland encouraged the port’s engagement with circular economy principles. 
These, as Mortensen et al. (cf. 2020 #2) present, are used actively in port and 
hinterland development, and the port adopted industrial symbiosis as a strategy for the 
Aalborg East port industrial area’s development and initiated Environment++. The 
vision is to make the port industrial area in Aalborg East an incubation area for modern 
and sustainable solutions and business models based on industrial symbiosis (Port of 
Aalborg, 2019b).  With this initiative, the port sought to create sustainable business 
development, generating new jobs in the area and its surroundings, and to increase the 
competitiveness of existing companies while increasing the attractiveness of the entire 
area. Such motivations for adopting industrial symbiosis for both port and hinterland 
development are in line with the developments in other port areas as presented in 
section 2.1. and confirms what Cerceau et al. (2014) call a long-term ambition in order 
to provoke needed change towards regional sustainable development.  

The port’s geographical, institutional, logistical, and infrastructural resources 
make the port industrial area a natural habitat for IS-aiming initiatives. Modern 
ports, as section 2.1. presents, are perceived as fruitful geographical and institutional 
contexts with capacity for fostering eco-industrial activities and, through this, 
catalyzing regional sustainable development. The role of ports in transportation 
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networks and value chains, as well as a spatial framework accommodating various 
types of industries and business organizations, has led industrial ecology research to 
recognize ports as veritable hot spots for IS emergence (Schiller et al., 2014). 
Examination of IS emergence process through the Sustainable Synergies project, 
presented in chapter 6, points to specific geographical and institutional characteristics 
that function as resources important for IS emergence, making the port industrial area 
a relevant geographical space and institutional environment. These characteristics are 
shaped by the specificity of the port area and the interest of the Port of Aalborg in 
supporting IS. 

As a geographical space, the Aalborg East port industrial area is the bed for industrial 
co-location, accommodating a considerable number of diverse organizations from a 
variety of sectors, as described in the section 2.1.2. The area accommodates more than 
200 small-, medium-, and large-sized companies at the Port of Aalborg’s perimeter 
and in its hinterland with close geographical proximity. This co-location of diverse 
companies forms an agglomeration of diverse industrial activities that can constitute 
the basis for symbiotic linkage emergence and development. The presence of a 
concentrated pool of industries at the Aalborg East port industrial area appears to 
constitute an important pool of (material, knowledge, and liquid) resources that could 
be uncovered by the facilitation team within the Sustainable Synergies project and 
could shape the emergence of the symbiotic linkages as described in section 6.3 – 6.5.  

The insights from the IS emergence process through the Sustainable Synergies project 
show that such co-location can be conducive to IS emergence to some extent. Based 
on the screening for potential results, the facilitative team identified six symbiotic 
linkages possible among co-located companies, four among geographically dispersed 
companies and one as a mix of these. Involving companies across geographical 
borders was necessary as competences and capacities dealing with the potential 
resources identified at port industrial area were not present or were not sufficient. 
Thus, despite the various roles of geographical proximity for the symbiotic linkages’ 
initiation, it is not certain that the geographical proximity of organizations clustered 
at the port industrial area can further facilitate symbiotic connections. This 
observation is in line with the discussions present in IS literature and disagreements 
on the extent to which geographical proximity influences IS emergence and 
development (Jensen et al, 2011). 

Interestingly, geographical co-location did not only present benefits for the IS 
emergence process in port industrial area in Aalborg East. It was observed that the co-
location of organizations presupposes past relationships and existence of a 
collaborative tradition. When collaborative experiences and traditions were positive, 
the companies involved within Sustainable Synergies were more open to 
collaborations than when historical experiences consisted of unsuccessful 
collaborations between potential partners. Thus, geographical proximity can also 
inhibit the initiation of symbiotic relations.  
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Nevertheless, the Sustainable Synergies project seems to have benefited to some 
extent from the existing knowledge sharing traditions and relationships developed 
among companies. Some companies participating in the Sustainable Synergies project 
at the port industrial area in Aalborg East seem to have known each other, and some 
of them already had (business, economic, etc.) relationships with each other. These 
were members of similar networks and shared interaction platforms where knowledge 
and experience were shared, and relationships were built. Sharing information, 
knowledge, and relationships with each other encouraged the creation of a certain 
degree of trust among organizations (in a few of the emerging symbioses) and among 
the facilitator and companies (in most of the emerging symbioses), which benefitted 
the project and IS emergence in the Aalborg East port industrial area. Such benefits 
confirm the findings in IS literature referring to the externalities of geographical co-
location (Chertow et al., 2008).  

As an institutional environment, the Aalborg East port industrial area rests on the 
integration of public and private interests, due to the presence and role of the Port of 
Aalborg in the area (Group interview 2, 2019; Brunø Stål, 2019). As a publicly owned 
company, the port is a special entity that accommodates both private and public 
interests. As such, the port has access to various relational resources from both the 
private and public sectors. The insights from the IS emergence process through the 
Sustainable Synergies project, as presented in section 6.4., acknowledge the Port of 
Aalborg’s bridging position of opening doors to companies and to authorities, and 
bridging the communication between these. This ‘double’ (public-private) identity of 
the Port of Aalborg makes it act both as a company and as an authority. As such, the 
port can provide inspiration for other companies and authorities in taking pro-active 
action regarding IS emergence by entering symbiotic linkages itself, and by initiating 
IS-aiming initiatives. For example, the Port of Aalborg, through entering symbiotic 
linkages with other companies in the region, developed experiences with IS (Schlüter 
& Milani, 2018). Communicating such experiences to other companies could inspire 
these to enter into symbiotic linkages. Through co-founding the Environment++ 
initiative, the port took the role of an integrator, providing support to other companies 
for entering IS. This initiative could inspire the municipality to take pro-active action 
towards more IS emergence in Aalborg. Thus, the port has a specific institutional 
status that can be beneficial for IS emergence when activated and mobilized. 

The second group interview with the facilitation team (Group interview 2, 2019) 
pointed at the emergence of symbiotic linkages in the port industrial area being 
dependent on the logistical possibilities that the port context presents. Ports are 
important logistical and infrastructural hubs. The Port of Aalborg’s availability of 
encouraging and supporting infrastructure, such as roads, pipes, quays, cranes, 
utilities, and facilities, can provide infrastructure opportunities for new activities 
involving flows of material, which can make the implementation of IS real and 
motivate actors to get involved. Furthermore, the willingness of the Port of Aalborg 
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to support more infrastructural projects that can lead to IS emergence can be observed 
in the continuous development projects implemented at the port’s territory.  

To conclude, it can be stated that the Port of Aalborg has important geographical, 
institutional, logistical, and infrastructural resources that could facilitate IS 
emergence. While the institutional resources seem to have mostly supported the 
implementation of the Environment++ initiative, bridging contacts and engaging actors 
in IS emergence process across sectors, the geographical, logistical, and 
infrastructural assets have benefited Sustainable Synergies. However, important 
resources at both the port’s perimeter and its hinterland remain underutilized by the 
Sustainable Synergies project so far and thus are available for further IS emergence. 

Related to the further IS emergence in the Aalborg East port industrial area and the 
Port of Aalborg’s engagement with IS emergence, Mortensen et al. (cf. 2020 #2) point 
at future tendencies and ambitions that the port has. A holistic approach to regional 
development (with equal focus on the three aspects of sustainability: economic, 
environmental, and social) is sought within Aalborg East port industrial area and 
“more holistic initiatives [are] being launched for future port and hinterland 
sustainable development” (p. 10). Among others, taking a quadruple helix approach 
to managing environmental challenges and port and hinterland development is the one 
that characterizes the port’s future engagement with IS emergence. The following 
section details the port’s future ambitions with IS emergence and development. 

The Port of Aalborg has ambitions to increasingly enter partnerships for 
fostering industrial symbiotic relationships. The port respondents at the focus 
group interview (2018) made it clear that entering partnerships with various actors for 
creating regional growth and achieving symbiotic relationships between societal, 
industrial, and public partners in the future is the port’s strategy. The port’s new 
strategy specifies that the port aims to enter partnerships with public and private 
actors, research and education institutions, and the community for achieving its 
mission: To make the port and its hinterland an attractive area for business 
organizations (Port of Aalborg, 2020).  

One of the initiatives that lay the foundation for further IS emergence, and within 
which the Port of Aalborg is an important driver, is the establishment of a National 
Green Test Center. The port, together with a coalition of other actors, including 
Business Region North Denmark (BRN)11, Aalborg University, House of Energy, Port 

11  BRN is a collaboration among 11 municipalities in North of Jutland and the Region 
Nordjylland. The collaboration focuses on creating business development in the region. (BRN, 
2019) 
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of Aalborg, Invest in Aalborg12 , North Denmark Chamber of Commerce 13 , and 
Business Network 9220, lobby for establishment of physical areas as platforms for 
testing (e.g. energy and water) technologies, where consumers and companies meet 
within the frameworks of large-scale test projects (Port of Aalborg, 2019c).  

The port takes various smaller (symbiotic) initiatives to establish test beds on some of 
the port’s territory. One of the initiatives is the development of a new 110.000m2 

industrial area at the port’s territory. The development of this area is perceived by the 
port as a direct continuation of Environment++. The initiative applies industrial 
symbiosis as a strategy for sustainable business development. The aim is to “unfold 
the idea behind Environment++ within a test area, where we can develop optimal 
frameworks for business organizations to share resources among each other from the 
start” (Port of Aalborg, 2019c, p. 16). Industrial symbiosis is thought of as a strategy 
to attract companies to a new area where they can join other companies in the sharing 
of resources. In this way, the area will function as a prototype of a symbiotic platform 
where synergistic flows, digitalization, and collaboration among business 
organizations and new technologies will provide innovative frameworks for 
organizations to be established (Port of Aalborg, 2019c, p. 16). Aalborg municipality, 
Aalborg Utility companies, Aalborg University, and other actors joined the 
collaboration for making this test area a reality. At the moment, the initiative has 
encountered institutional challenges and has not developed as desired. However, the 
experiences, knowledge, and relationships developed during Environment++ can be 
mobilized to address these challenges and support further symbiotic initiatives’ 
development.  

Another initiative that deserves to be mentioned is the development of the business 
concept Sustainable Industrial Park AALBORG (SipAAL). Through launching the 
SipAAL initiative, the port aims at transforming the port industrial area into an 
attractive sustainable area for existing and new companies. The ambition is that 
SipAAL functions as a platform for growth, development, innovation, cluster 
formation, and green transformation (Port of Aalborg, 2019b). Through this initiative, 
the port wants to offer companies at its perimeter and hinterland, sustainable 
frameworks for their development, as well as a unique position, possibility, and active 

12 Invest in Aalborg is a collaboration between NOVI Research Park, Port of Aalborg, Aalborg 
University and the City of Aalborg to ensure businesses one-point-of-contact and easy access 
to location and research possibilities, and local authorities. (Invest in Aalborg, 2020)

13 North Denmark Chamber of Commerce is Aalborg and Northern Denmark region’s largest 
interdisciplinary business network focused on creating collaborations across various areas such 
as collaboration with the public sector, education and employment, and infrastructure. (Erhverv 
Nord Danmark, 2019)
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support to meet their own organizational aims regarding sustainable development. 
Through localizing in the industrial park, companies are expected to secure access to 
knowledge environments at Aalborg University and join an important network of 
start-up and scale-up companies in the region. The concept develops at the port’s 
initiative and in partnership with Aalborg University, Aalborg municipality, and 
private actors that support growth and green transformation in Aalborg. (Port of 
Aalborg, 2019b) 

 Thus, the Port of Aalborg has significant ambitions and visions regarding future 
engagement with IS. These, however, can be overshadowed by the challenges that 
acting in partnerships poses. The actual initiative aiming at fostering IS emergence, 
Environment++, is characterized by the disagreement and challenges to finding an 
agreement on a way to continue the partnership and establish a fruitful platform for 
facilitating IS emergence in the Aalborg East port industrial area. The partners’ roles 
and functions within such collaborative structures as partnerships that can facilitate IS 
emergence in the port industrial area seem to be unclear. Insights into other IS 
emergence processes in similar contexts could provide inspiration for both the Port of 
Aalborg and the other partners in shaping their own roles within Environment++. 
Mortensen et al. (cf. under review #3) engaged in a study of three processes of IS 
emergence in distinct port industrial areas and provide insights into various roles that 
can be fulfilled within IS emergence processes and collaborative structures aiming at 
IS emergence. Moreover, such insights also present ideas for how such collaborative 
structures as Environment++ could be organized so that they lead to further IS 
emergence in the Aalborg East port industrial area. The next chapter examines these 
aspects among others.  
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8 DEVELOPING A DEEPER UNDERSTANDING 
OF INDUSTRIAL SYMBIOSIS EMERGENCE  

The last chapters conceptualized IS emergence and complemented its understanding 
with empirical insights from real-time processes in the port industrial area in Aalborg 
East. The empirical insights confirmed the conceptualization of IS emergence as a 
dynamic social process where multiple (groups of) actors are engaged in various 
activities, within which they play different roles at different times in the process. The 
empirical insights point at the presence of a facilitator as the most important factor 
enabling IS emergence. Furthermore, it is found that geographical and institutional 
environments can create specific contextual conditions for fostering IS emergence. 
The port industrial area in Aalborg East benefits from the existence of co-located 
companies and the specific character of the Port of Aalborg being a publicly owned 
company integrating both public and private interests.   

Mortensen et al. (cf. 2020 #2) complement the findings regarding IS emergence 
through the Sustainable Synergies project by examining antecedents of the emergence 
process. The authors do this by exploring the environmental actions that the Port of 
Aalborg took before initiating the IS-aiming initiative, Environment++. These actions 
are perceived as the antecedents and initial conditions supporting the present process. 
The findings of Mortensen et al. (cf. 2020 #2), and the subsequent discussions in 
section 7.2, raise awareness and interest in the future role of the Port of Aalborg within 
IS emergence processes, pointing to partnership creation as a way to facilitate IS 
emergence.  

While the new Port of Aalborg strategy (Port of Aalborg, 2020) provides insights into 
what the port would like to achieve, empirical insights from the Sustainable Synergies 
project and the study by Mortensen et al. (cf. 2020 #2) provide important insights on 
the port’s actual roles and actions in IS emergence processes. Based on these, it 
remains unclear what role can the port (and the other partners) take within 
collaborative structures that support and encourage IS emergence and how these can 
be established. Within the Environment++ initiative, the port was one of the initiators 
together with DCEA. The port supported the initiative financially and acted as a bridge 
between companies, authorities (and other relevant actors), and the facilitation team. 
The Sustainable Synergies project finishes in June 2020, and the Environment++ 
initiative has an ending date in December 2020 with an intention of prolongation. In 
addition to these, the port engages in and initiates a few other initiatives that aim at 
symbiotic relationship formation. This puts the port (and the other actors) in the 
position of redefining its role with IS emergence. Furthermore, it positions the 
partners in the Environment++ initiative to redefine the initiative’s vison and mission, 
and to reformulate strategies and plans for continuation. How can Environment++ 
continue and how can it absorb the experiences and insights gained from the 
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Sustainable Synergies project? What form can the collaboration among partners 
within such collaborative structures take? What roles can the partners play within such 
collaborative structures facilitating IS emergence? —These are questions addressed 
in this chapter.    

To answer these, inspiration from three cases of IS emergence processes in three 
European port industrial areas are brought in. Mortensen et al. (cf. under review #3) 
presents the study, which is included in the following section. The authors consider 
IS emergence as “the collective efforts of actors to bridge economic, environmental, 
and social objectives across private and public sectors” (p. 1). Perceiving IS 
emergence as the actors’ collective effort across sectors resonates with perceiving IS 
emergence as a collaborative process (which the authors refer to as “stakeholder 
processes”), which can result in (new) collaborative business models. Collaborative 
business models refer to the symbiotic connections resulting from the collaborative 
process. This conceptualization of the IS emergence process is shown schematically 
in Figure 18. Mortensen et al. (cf. under review #3) focus on the process that leads to 
collaborative business models, which are the symbiotic relationships between 
business companies. 

 

 

The authors present arguments for how IS can be perceived as a collaborative business 
model. According to these, industrial symbiosis is a collaborative business model 
because the value proposition of symbiotic relationships stem from the (material, 
liquids, and energy) resource flows and benefit more than one actor. The symbiotic 
flows are assumed to create value for more than just the actors implementing the 
synergy, as they can benefit the environment and society.  

Furthermore, Mortensen et al. (cf. under review #3) acknowledge the fact that the 
actors14 through entering collaborative processes (or partnerships), which can lead to 

14 Mortensen et al. (cf. under review #3) refer to public authorities, knowledge institutions, 
private actors, and consultancies, whereas Mortensen and Kørnøv (cf. 2019 #1) refers to public 
bodies, research and education institutions, businesses, and consultancy companies. These are 
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symbiotic relationship emergence, can establish collaborative business models and 
create another type of IS. This can be based on sharing and/or exchanging information, 
capacity, and competences, and aim at initiating symbiotic relationships among 
business companies. This is in line with Spekkink (2016) perceiving IS as a social 
process based on collaborations that can lead to symbiotic exchanges of resources 
among companies. Wang et al. (2017) refers to such collaborations as to an IS 
coordination network.  This is the collaboration among actors across sectors who 
engage in collaborative processes. Such collaborative processes within IS 
coordinative networks can lead to symbiotic relationships that can develop into an 
inter-firm IS network Wang et al. (2017). This kind of network is formed by symbiotic 
relationships based on (material, energy and liquid) resource flows, and which 
Mortensen et al. (cf. under review #3) refer to as collaborative business models based 
on IS.   

By perceiving IS emergence as a collaborative process and addressing the form of the 
collaboration structures and partnerships together with the role of Port of Aalborg 
within these, new insights are added to the understanding of the IS emergence in port 
industrial areas. The conceptualization of IS emergence, as resulting from the 
compilation of the findings of Mortensen and Kørnøv (cf. 2019 #1), Schlüter et al. (cf. 
2020 #4) and the empirical insights from the Sustainable Synergies project in Aalborg 
East, is enriched. More exactly, by examining how IS emerges in other port industrial 
areas (insights obtained through interviews, document analysis, and archival 
documents), Mortensen et al. (cf. under review #3) shed further light onto the IS 
emergence process and factors that facilitate it in such areas. Moreover, by applying 
the knowledge acquired to the case of IS emergence in the Aalborg East port industrial 
area, insights are obtained into the specific characteristics and capacities that this area 
has, which can further facilitate IS emergence. Section 8.1. presents the study by 
Mortensen et al. (cf. under review #3) and section 8.2. connects their findings to the 
IS emergence in the Aalborg East port industrial area context. Thus, the chapter feeds 
directly into all research questions as shown in Figure 19.  

used interchangeably in this thesis and refer to public authorities, research, education and 
knowledge institutions, business companies, and consultancy firms.
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8.1 INDUSTRIAL SYMBIOSIS EMERGENCE IN OTHER PORT 
INDUSTRIAL AREAS 

 

This section contains article #3:  

How Industrial Symbiosis Emerges through Partnerships: Collaborative 
Business Models in Port Industrial Areas 

 

Lucia Mortensen1, Louise Brøns Kringelum2, & Allan Næs Gjerding2  
 

1 The Danish Center for Environmental Assessment, Aalborg University, 
Rendsburggade 14, 9000 Aalborg, Denmark 
2 Department of Business and Management, Aalborg University, Fibigerstræde 2, 
9220 Aalborg 

 

 

 

 

This is a Pre-Print version.  

The final version of the article is published in the International Journal of Innovation 
and Sustainable Development, Vol. 17., no. 1-2, and can be accessed at 

https://doi.org/10.1504/IJISD.2023.127927   
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