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Abstract:

Addressing environmental challenges in the con-
struction sector, particularly high resource consump-
tion and waste generation, this thesis explores the po-
tential for industrial symbiosis (IS) in Nordic Wood
Industries (NOWI). IS provides a collective approach
to address these challenges, but its application within
corporate groups and wood residues remains under-
explored in the construction sector. Therefore, this
thesis examines how NOW!I can enhance value re-
tention from wood residues through IS. A single em-
bedded case study was conducted using a mixed-
methods approach, with an emphasis on qualitative
methods. The thesis adopts an abductive approach,
guided by the institutional capacity building (ICB)
framework. Wood residues were mapped, revealing
a potential for IS, but current practices prioritise en-
ergy recovery, limiting value retention. To address
this, a workshop inspired by the LEGO® Serious
Play® methodology was held to co-create a shared
vision for managing wood residues, resulting in a
model for increasing value retention. A subsequent
gualitative survey assessed the ICB for sustaining IS
efforts, and findings illustrate that ICB has increased,
supported by stakeholder engagement and facilita-
tion efforts. The thesis proposes several recommen-
dations, including a sustainability assessment of the
proposed IS model, a roadmap for further IS develop-
ment and improved data collection. This thesis rec-
ommends theory development to advance the ICB,
emphasising further research on implementation as-
pects like facilitation and economy.
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Abbreviations

CE: Circular Economy

DTE: Dansk Treeemballage

EIP: Eco-Industrial Park

GHG: Greenhouse Gas

IC: Institutional Capacity

ICB: Institutional Capacity Building
IS: Industrial Symbiosis

LCA: Life Cycle Assessment

NOW!I: Nordic Wood Industries

Glossary

C24: Coniferous trees are sorted based on their strength according to DS/EN 14081-1 (Andersen
2024). C24 is a common strength class used in buildings.

Circular Economy: Defined as: "[CE] an industrial system that is restorative or regenerative by inten-
tion and design. It replaces the ‘end-of-life’ concept with restoration, shifts towards the use of renewable
energy, eliminates the use of toxic chemicals, which impair reuse, and aims for the elimination of waste
through the superior design of materials, products, systems, and, within this, business models™ (Ellen
MacArthur Foundation 2013a)

Co-creation: Defined according to Cambridge Dictionary (N.A.): "'to make or invent something new
together with one or more other people".

Construction Sector: Defined as a sector consisting of many different stakeholders providing var-
ious services and products related to construction, such as building, maintaining, and renovating
buildings (Dansk Industri N.A.). This definition does not include infrastructure.

Facilitation: It is defined as a process in which external or internal facilitators support new pos-
sible collaborations by creating a space for interactions where knowledge can be shared and trust
can be built (Park et al. 2018).

Industrial Ecology: Defined as: "'Study of flows of materials and energy in industrial and consumer
activities, the effects of these flows on the environment, and the influences of economic, political, regulatory,
and social factors on the flow, use and transformation of resources™ (Allenby and Richards 1994)

Industrial Symbiosis: Defined as: "Industrial symbiosis is the sharing of surplus resources between
two or more companies, such as materials, energy, by-products, and water. It can also be common solutions



in logistics, facilities, and expertise. Companies can be located close to each other or far from each other and
they can be in the same industry or widely differgiirngv et al.2020a)

Institutional Capacity and Institutional Capacity Building: IC is de ned in IS literature, as
the ability of actors to collectively nd solutions to enhance the development of IS (Mortensen
2023). Institutions are de ned as structures in society, whereas capacity refers to the acquired
competences and resources such as knowledge, relations and the ability to mobilise (Mortensen
2023). ICB refers to the continuos development of IC within an organisation.

LEGO® Serious Play®: De ned as: "a mode of activity that draws on the imagination, integrates
cognitive, social and emotional dimensions of experience and intentionally brings the emergent bene ts of
play to bear on organizational challeng€Rboset al.2004, p. 563).

Network: De ned as "a structure involving multiple nodes, i.e. agencies and organisations with multi-

ple linkages, working on cross-boundary collaborative initiatives.[...] A network brings together the knowl-
edge experience of the component organisations to attempt to align their actions with the network goals"
(Wang et al.2017).

Roadmap: De ned according to (Seet N.A.), a roadmap is more speci ¢ than a strategic plan, as
it describes precise actionable tasks within a shorter time frame.

Sustainability: De ned according to World Commision on Environment and Development (1987):
"Sustainable development is development that meets the needs of the present without compromising the
ability of future generations to meet their own needs."

Systems Perspective: Is de ned as "A systems perspective enables the decision maker to understand
interactions among smaller systems within the larger system and identify potential synergies or harms that
should be explored before implementatigftimanyika et al.2010).

Value Hill and Value Retention:  Value hill is a conceptual framework, describing how mate-
rials gain value through the processing to products, with the highest value obtained at the user
(Achterberg et al.2016). After end of use, several strategies can be applied to retain value, with re-
pair and maintenance providing the highest value, and recycling providing the lowest measures
of value retention (Achterberg et al.2016). Value retention thus refers to the circular strategies
ensuring that products retain their value as high as possible (Haupt and Hellweg 2019)

Wood Residues: Residues refer to speci ¢ leftovers of e.g. wood, which still hold potential value
for further use through e.g. circular strategies (Grebner et al.2022). When the residue is used by
another, it becomes a resource, and what is de ned as waste, residues, or resources thus depends
on the perspective (Greer et al.2021).



Dansk Resume

Byggebranchen star for en betydelig del af de globale miljgpavirkninger, hvorfor branchen har et stort
ansvar for at genteenke eksisterende praksisser og derigennem bidrage til den baeredygtige udvikling.
Koncernen Nordic Wood Industries (NOWI) gnsker at bidrage til den baeredygtige udvikling gennem
deres arbejde med treebaserede byggeelementer og er herigennem interessede i at undersgge poten-
tialer for industriel symbiose (1S).

Konceptet IS betegner et symbiotisk system mellem ere virksomheder, der deler fysiske og videns-
baserede ressourcer. Det er ofte affald eller overskudsressourcer, der kan anvendes af andre virk-
somheder, og der sikres mest cirkuleer vaerdi, nar produkter anvendes sa teet pa deres oprindelige
form og funktion som muligt. Dette kan bidrage til sget gkonomisk og cirkulaer veerdi.

| byggebranchen har IS primaert veeret fokuseret pa ikke-fornybare ressourcer sdsom metal og cement,
samt store strategiske industriparker. Der har derfor veeret et begraenset fokus pa, hvordan IS udvikles
og implementeres i koncerner, samt pa treebaserede produkter. Forankret i dette forskningsbehov, samt
interessen fra koncernen, undersgger dette speciale derfor fglgende problemstilling:

Hvordan kan Nordic Wood Industries gge veerdibevarelsen af resttrae gennem industriel symbiose?

Dette undersgges gennem et eksplorativt single embedded case studie af NOWI, med de re selskaber
Scandi Byg, Roust Element, Palsgaard Speer og Lilleheden som underenheder. Specialet er udarbejdet
gennem en socialkonstruktivistisk tilgang, og tager derudover afseet i teorien institutionel kapacitet-
sopbygning. Dette muligger undersggelsen af, om NOWI har kapacitet til at fortsaette arbejdet med
IS. For at undersgge potentialet for IS i NOWI anvendes bade kvalitative og kvantitative metoder, og
gennem denne metodetriangulering styrkes resultaternes validitet.

Resttraeet i NOWI blev kortlagt gennem kvantitativ affaldsdata, observationer og interviews i produk-
tionshallerne. | 2024 havde NOWI en mangde pa ca. 4.500 tons resttree. Dette bestar primeert af
svensk gran og opstar iseer i forbindelse med tilskeeringsprocesser, udendgars opbevaringslasninger og
designvalg. 72 % af det samlede resttree afbraendes med henblik pa energiudnyttelse.

Gennem en workshop, inspireret af LEGO® Serious Play® metoden, byggede virksomhederne en
LEGO® model, som er et resultat af de indledende ideer om en faelles vision for handtering af resttree
i NOWI. De konkrete lgsninger, beskrevet i modellen, bidrager til veerdibevarelse gennem forskellige
cirkuleere strategier, herunder genbrug og genanvendelse.

Vii



Et kvalitativ spgrgeskema blev udarbejdet for at vurdere workshoppens ind ydelse pa den institu-
tionelle kapacitet. Herigennem blev det identi ceret, at workshoppen havde bidraget til gget viden
om resttrae og forbedret relationerne pa tveers af virksomhederne.

Det kan saledes konkluderes, at der er tilgeengeligt resttrae, som kan anvendes til symbiotiske |gs-
ninger for at gge veerdibevarelsen, og at der ligeledes er opbakning til at fortsaette udviklingen af IS
i NOWI. Specialets eksplorative karakter begraenser dog mulighederne for direkte implementering af
initiativerne fra workshoppen, hvorfor en reekke anbefalinger er udarbejdet til NOWI.

Det anbefales, at der skabes bedre dataindsigt om resttrae i NOWI, da dette pavirker validiteten af ko-
rtleegningen. Med bedre data vil det veere muligt at minimere maengden af resttree ved kilden, hvilket
er vaesentligt for at undgd, at IS initiativer legitimerer processer der skaber resttrae. Derudover er
det vigtigt, at der udarbejdes bzeredygtighedsvurderinger af initiativerne, for at undga suboptimer-
ing. Desuden anbefales det, at der identi ceres nye kompetente facilitatorer, da specialet hidtil har
haft denne rolle. Disse aspekter er fundet mangelfulde i den anvendte teoretiske ramme, hvorfor dette
speciale identi cerer et behov for teoriudvikling, der fokuserer pd, hvordan IS initiativer faciliteres og
implementeres.
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EMSS 4. Semester
Chapter 1

Introduction

The construction sector* contributes signi cantly to global environmental impacts, including emis-
sions, resource extraction, and waste generation (Stylianou et al.2024). In 2021, the construction sector
accounted for approximately 30% of global solid waste (Soto-Paz et al.2023) and 37% of global carbon
emissions (United Nations Environment Programme 2022). Additionally, 59 billion tonnes of materi-
als, approximately 55% of the total global material demand, were linked to the built environment and
mobility (United Nations Environment Programme 2024). This highlights the urgent need to rethink
current patterns of resource consumption in the construction sector to improve sustainability*.

Wood is often promoted as a sustainable material due to its regenerative nature and has therefore
gained increasing attention (Thybring N.A.; Maier 2022). However, wood use also raises concerns
related to land use and biodiversity, and increasing climate change affects the quality of wood (Bekin
2023; Pretzschet al.2014). Thus, a shift to biobased materials alone is insuf cient to ensure sustainable
practice (Jensen 2023; Pederseat al.2021).

Global and European policy initiatives, such as the Paris Agreement and the European Green Deal,
highlight the need for a transition to a circular economy* (CE), with the construction sector playing a
central role (United Nations 2015; European Commission N.A., 2024, 2020). One approach supporting
this transition is industrial symbiosis* (IS), a collaborative strategy that rethinks resource use and waste
generation without compromising economic viability (Mulrow  etal.2017; Neveset al.2020). IS has been
studied since the 1990s and is rooted in the elds of industrial ecology* and CE (Baldassarre et al.2019).
Symbiosis refers to organisms coexisting and mutually bene ting from one another (Chertow 2000).
Inspired by this, IS builds on the principle that one company's waste is another's resource, creating
more collective value than can be achieved individually (Chertow 2000; L. Karngv, personal commu-
nication 2025; Wang et al.2017). However, this de nition has faced criticism for focusing too narrowly
on closing resource loops (Mirata 2005). Utilising waste to produce unnecessary products cannot be
considered sustainable (Schluter et al. 2023a). However, IS can result in more than closing loops (L.
Mortensen, personal communication 2025). Recent developments in IS have expanded the concept to
include shared expertise, logistics, and strategies for value retention* beyond recycling (Kerngv et al.
2020a). The following literature review will explore current research on IS in construction, highlighting
opportunities for further investigation.
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Chapter 2

State of the Art: Industrial Symbiosis in Construction

This chapter presents the key ndings from the systematic literature review, focusing on trends, chal-
lenges, and research gaps related to IS in the construction sector. The methodology behind the literature
review is described in Section 4.2.1. The subsequent section will build upon grey literature to position
the thesis in the context of the Danish construction sector.

2.1 Key Findings from the Literature Review

Based on the literature review, it was evident that research on IS in construction has existed for over 20
years, with a noticeable increase in publications since 2010. Yuet al.(2014) describe how the research
on IS has evolved from practical examples to broader systemic theory building research. This is also
re ected through this review, where it was evident that the literature generally divides into two main
groups, where one focuses on an operational IS which examines speci ¢ materials (e.g., cement) and
secondly, strategic IS focusing on broader eco-industrial parks* (EIP). As the main focus of this study
is wood, the studies on cement were noted, but not further assessed in the analysis. It was found
that the EIPs generally were strategic and broad in their scope, consequently not solely focused on the
construction sector. This may be a result of the IS concept not being isolated to a single sector, but being
able to cover multiple sectors. Therefore, this review is based on the 22 articles that were read in full
text. Findings are structured into subsequent aspects of focus: bene ts and barriers, existing examples,
success factors, institutional capacity* (IC), and the identi ed research gap.

Bene ts and Barriers

Several publications highlight IS bene ts, particularly in minimising resource depletion, greenhouse
gas* (GHG) emissions, and waste generation (Chenet al.2022; Putraet al.2025; Cudecka-Purinaet al.
2024; Zhu and Ruth 2014; Tehet al.2014). Parket al.(2018) further stress that IS provides the involved
companies with a competitive advantage, as the IS mechanisms lower the costs related to the purchase
of products and waste treatment. Economic bene ts are recognised as a key driver for IS development
(Yedla and Park 2017; Domenechet al.2019). Additionally, several publications argue that collective
bene ts created through IS collaboration are greater than what the companies could achieve individu-
ally (Yedla and Park 2017; Romero and Ruiz 2014). Consequently, Baldassarreet al.(2019) position IS
as an important aspect of transitioning to a more sustainable world.



Besides the potential bene ts from IS, there are also several publications highlighting barriers and chal-
lenges such as Ling Zhanget al.(2010), who stress that a major barrier for the environmental bene ts of
IS is that many EIPs tend to focus on just closing loops and hereby neglect the primary CE-strategy of
reducing waste and resource consumption at the core activity. Other barriers relate to economic chal-
lenges due to limited funding, geographical proximity challenges, but also a limited engagement from
companies (Ling Zhang et al. 2010; Schliteret al. 2023b; Yedla and Park 2017). de Abreu and Ceglia
(2018) stress that lock-in mechanisms generate an institutional problem when trying to change linear
systems through IS, and through this, they argue that without political engagement and regulatory
changes, most waste would still be sent to land Il, as this remains the cheapest. Another barrier identi-
ed by Yedla and Park (2017) is that the bene ts of engaging in an IS collaboration are company speci ¢
and can vary, which can create signi cant challenges in the negotiation process when forming a part-
nership. Furthermore, Romero and Ruiz (2014) highlight that the interactions between participating
companies can pose challenges in the practical implementation of IS.

Success Factors

One of the rst examples of IS is the Danish Kalundborg case (Park et al.2018; Domenechet al.2019;
Zhu and Ruth 2014). The model has developed through the last 50 years, and contains more than 20
different streams, such as water, energy, and materials, between 17 companies (Kalundborg Symbiosis
2025). However, existing literature also highlights examples of EIPs from China, for instance the EIP
case of TEDA (Wang et al.2017). TEDA is one of the rst and largest EIPs in China, and mentioned
in several publications in the review (Liu et al.2018; Wanget al.2017; Putraet al.2025). Furthermore,
China has the highest number of publications related to IS, largely due to its long-standing top-down
policy approach to resource ef ciency (Liu et al.2018). Apart from Denmark and China, IS cases are
found in other countries such as the US, Australia, UK, Finland, Japan, South Korea, Sweden, Norway,
Iceland and the Netherlands (Boons et al.2017; Zhu and Ruth 2014; Schluteret al.2022).

Park et al. (2018) describe how existing examples of IS have made researchers try to identify what
made these examples a success. Consequently, IS has been widely researched over the years, with
several publications focusing on the success factors in various contexts (Schliteret al.2023b; Putraet al.
2025). Putraet al.(2025) provide a framework of three phases of EIP evolvement, with a key success
factor being the ability to include EIP goals into national or local development strategies. Schliter
et al.(2023b) discuss the two diffusion types; replication and reproducibility, as success factors for EIPs,
where they provide a framework with four phases for EIP evolvement. Furthermore, Schlliter et al.
(2023b) stress that empowerment and knowledge diffusion are key factors for EIP implementation
success. This is also supported by Zhu and Ruth (2014); Freitas and Magrini (2017). Mortensenet al.
(2024) also support the aspects of knowledge and political support to be critical factors to success, but
also address the importance of having shared visions and a speci ¢c roadmap*.

The literature on EIPs generally focuses on physical resource exchange (Chenet al. 2022; Parket al.



2018; Tehet al. 2014), but Yu et al. (2014) argue that collaboration and existing relationships between
companies are more effective for developing a more sustainable industry.

There is a broad consensus in the literature that replicating successful IS models requires adaptation
to local institutional, social, and material conditions (Putra et al.2025; Schluteret al.2023b). However,
studies such as Schliteret al. (2023b), Boonset al. (2017), and Parket al.(2018) describe this variation
in context by emphasising the embeddedness of factors that hinder comparison across IS cases. The
context-speci c factors such as; trust, attitudes, social factors, material characteristics, and institutional
factors emphasise the embeddedness of such factors (Parket al. 2018; Yedla and Park 2017). As part
of context-speci ¢ adaptation, Park et al. (2018) argue that facilitation* plays a key role in IS. Their
study examines how facilitation impacts various categories, including organisational, technical, and
institutional aspects, which is closely linked to the theory of institutional capacity building* (ICB) (Park

et al.2018).

Institutional Capacity Building

Mortensen et al. (2024) state that ICB is of great importance for the establishment of IS, and several
researchers have drawn upon the theory to study the development IS around the world (Wang et al.
2017; Parket al.2018). de Abreu and Ceglia (2018) argue that this is because IS requires collaboration
between different companies, and that the collaboration is in uenced by the IC embedded in the net-
work*. According to de Abreu and Ceglia (2018), ICB plays a crucial role in determining the success of
collaborative efforts in IS.

Identi ed Research Gaps

Despite extensive research on IS in industrial parks and material-speci ¢ applications (e.g., cement and
metals), little attention has been given to how IS principles can be applied within corporate groups and
their subsidiaries. This is particularly relevant for regenerative materials like wood, which hold sig-

ni cant sustainability potential, as this is one of the main waste fractions (Freitas and Magrini 2017).
Building on this gap, and the Danish position and experience with IS (Mortensen et al.2024; Kalund-
borg Symbiosis 2025), the following section explores the current situation of wood waste in the Danish
construction sector.

2.2 The Danish Construction Sector and Wood Waste

The identi ed research gaps are relevant in a Danish context, where wood is gaining attention (Ped-
ersen et al. 2021; Indenrigs- & Boligministeriet 2021). Furthermore, Denmark's political commitment
to CE principles (Miljg- og Fgdevareministeriet 2018; Miljgministeriet 2021), and its leading position
in sustainable construction make it a valuable setting for exploring how IS practices can be opera-
tionalised within corporate structures (Indenrigs- & Boligministeriet 2021). However, Radet for Grgn

Omstilling (2024) argues that Danish legislation inadequately focus on CE and resource consumption,



which does not create an incentive in the sector to reduce resource consumption. The Danish construc-
tion sector currently put more emphasis on lowering energy consumption and greenhouse gas emis-
sions, rather than promoting a resource agenda (Radet for Gran Omstilling 2024; NIRAS 2024). With
the increased focus on greenhouse gas emissions, wooden building elements have gained increasing
attention.

The increased use of wood in construction makes it relevant to identify how the waste is handled to en-
sure most value is retained (Pazzaglia and Castellani 2023). Ahoet al.(2022) estimated that the Danish
construction sector generated 195,000 tonnes of wood waste in 2021, of which 82% were recycled and
18% were used for heating. However, Aho et al.(2022) articulate the challenges with generating data
related to waste. These data challenges align with Kanafani et al.(2023), who nd limited knowledge
and data gaps to challenge the existing awareness of the construction sector environmental challenges.
With new legislative updates to the Danish Building Regulations the generation of waste at the con-
struction sites become mandatory (Social- og Boligstyrelsen 2025). This has the potential to increase the
awareness of potential value retaining practices that could optimise the current practice.

Addressing the gap from the scienti c literature review along with the tendencies in the Danish con-
struction sector, Nordic Wood Industries* (NOWI) is a relevant case for investigating value retention
of wood waste through IS. NOWI is one of the leading manufacturers in Denmark of prefabricated
wooden building elements and spans several companies, enabling an exploration of potential syner-
gies across the subsidiaries. As Yuet al.(2014) identify relational structures to have great importance for
the success of IS development, it is especially interesting to explore if the corporate structure in NOWI
can have a positive in uence on the ability to develop IS solutions. By exploring the case of NOWI, this
thesis provides an empirical case for exploring the research gap of IS in corporate groups with a focus
on wood, and hereby enables insights with both academic relevance and practical applicability.

The state of the art and the Danish construction sector's wood waste illustrate an important terminol-
ogy challenge, as both tend to use the term waste to describe surplus resources. As this is misleading
in a CE perspective, this thesis will refer to wood residues* (Greer et al.2021). Through this, the thesis
addresses the overall research question:

How can Nordic Wood Industries increase value retention of wood residues through industrial symbiosis?
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Chapter 3

Theoretical Framework

To explore whether IS can be established in NOWI, it is essential to assess the IC to collaborate and
share resources. However, IS is not solely dependent on physical exchanges (Kagrngvet al.2020a). It
also relies on social and relational capacities among the involved actors (Yu et al.2014). ICB ensures
the inclusion of these aspects and will therefore serve as the theoretical framework of this thesis. The
following section will provide a brief description of the theory followed by a description of how the
theory is utilised in this thesis.

3.1 Introduction to Institutional Capacity Building

The ICB theory provides a framework consisting of three main aspects: knowledge resources, relational
resources, and mobilisation capacity (Lindfors etal.2020; Boons and Spekkink 2012). Firstly, knowledge
resources refer to the quality and depth of actors' existing knowledge, their prior experiences, their
shared understanding of challenges, and their ability to acquire new knowledge (Lindfors et al.2020).
Secondly, the relational resources are connected to the speci c relationships between the actors, the
level of trust within the network, and the degree of engagement in collaborative efforts (Lindfors et al.
2020). Thirdly, mobilisation capacity refers to a network's ability to integrate additional companies that
possess essential characteristics for collaboration. It also encompasses the development of a shared
vision and the role of change agents in driving collective action (Lindfors et al.2020; Spekkink 2015).

The theory of ICB has been used in IS research to understand the dynamics involved in the develop-

ment of IS (de Abreu and Ceglia 2018; Lindfors et al.2020; Mortensenet al.2024; Parket al.2018; Wang
et al.2017). For example, de Abreu and Ceglia (2018) investigate how ICB in uences IS in the UK by

identifying critical aspects related to knowledge, relations and mobilisation through interviews. (Wang

et al.2017) also provide an exploration of ICB in the Chinese IS case TEDA, which is also conducted
through interviews.



3.2 Institutional Capacity in NOWI

Knowledge about residues is crucial for establishing an IS (Wang et al. 2017; SchlUteret al. 2023b).
Therefore, the rst analysis focuses on mapping the wood residues within these companies. This is
described as a theory-informed use according to Karngv (2014).

Mobilisation capacity plays a key role in enabling stakeholders to recognise potential steps to drive
development (Boons and Spekkink 2012). Therefore, the second analysis includes a workshop explor-
ing the companies' opportunities for collaboration. Additionally, potential opportunities and barriers

for IS are identi ed within NOWI. This is characterised as a theory-informed use according to Kgrngv
(2014).

In the nal part of the workshop, participants completed a detailed qualitative survey designed to
assess the IC in NOWI. Since the questions were developed based on the theoretical framework, this
phase is considered theory testing according to Kagrngv (2014).

By combining theory informing and theory testing approaches, this thesis aims not only to apply ICB
as an analytical tool, but also to re ect critically on its applicability in the context of IS within corpo-
rate structures. Potential theoretical limitations and suggestions for further development are therefore
addressed in the analytical chapters.
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Chapter 4

Research Approach and Methods

The philosophy of science provides the foundation for how this thesis is carried out, impacting the
ontology, epistemology, and methodology. This thesis adopts a social constructivist stance, as it aligns
with the aim of exploring the possibilities of IS with NOWI. IS is not a universal truth, but rather

a socially constructed phenomenon that is dependent on collaboration across companies and actors.
Therefore, actors' perceptions and relations are crucial for exploring IS in NOWI. The epistemological
perspective in social constructivism, views knowledge as interpretive (Egholm 2014). Consequently,
knowledge is constructed by people, and as this thesis applies a workshop methodology, this illustrates
how knowledge is co-created* (Roos et al.2004). In relation to ontology, it is assumed that there is no
single truth, but that reality is subjective, and is formed by the social context, including both discourses
and institutional settings that actors are part of (Egholm 2014).

4.1 Research Design

This thesis is structured around the following research question: How can Nordic Wood Industries in-
crease value retention of wood residues through industrial symbioss@xplore this research question,
three sub-questions have been formulated and investigated through a mixed-method approach. The

rst sub-question : SQ1: What are the types and hotspots of wood residues generated by NOWI companies
over a year?contributes to the research question by providing information related to what type of
residues and quantities the NOWI companies generate. The rst sub-question is investigated by ap-

plying a mixed-method approach, combining quantitative residue data with qualitative insights from
observations and eld interviews, to gain a comprehensive understanding of the wood residues in the

NOWI companies (Brinkmann and Tanggaard 2015). The approach begins deductively, using a semi-
structured guide inspired by the Ishikawa diagram. However, as observations evolve with context and

events, inductive elements emerge. Thus, the overall logic for the rst sub-question is abductive. The
second sub-question: SQ2: How can a model of industrial symbiosis be designed in NOWI to retain value
of wood residues and what are the main challengsséontributing to the research question by provid-

ing an exploration of how a model of IS could be designed in NOWI. This sub-question is explored
through a workshop methodology inspired by LEGO® Serious Play®*, which follows a deductive de-

sign. However, the co-creation aspects involve inductive reasoning. As a result, the overall approach

to the second sub-question is abductive.



The third sub-question: SQ3: How has the industrial symbiosis workshop contributed to the institutional
capacity building in NOWI?contributes to the research question by evaluating if the IC is suf cient for
proceeding with IS development in NOWI. The evaluation used a qualitative survey with theory-based
guestions, re ecting a deductive approach. However, inductive reasoning was applied during data
analysis to support interpretation. Thus, the overall approach to the third sub-question is abductive.

An overview of the thesis structure is provided in Figure 4.1.

Figure 4.1: Research design



4.2 Methods

The following section outlines how the data for this thesis was collected and analysed. To ensure a
comprehensive exploration, this thesis employs triangulation by using multiple methodologies to ex-
amine the problem from different angles (Aarhus Universitet N.A.). By combining qualitative and
guantitative methods, triangulation offers a more nuanced perspective and helps mitigate the limita-
tions inherent in each approach, serving as part of the validation process supporting the thesis ndings
(Aarhus Universitet N.A.).

4.2.1 Literature Review Process

To investigate the state of the art in research related to IS in
the construction sector, a systematic literature review was con-
ducted. The review was carried out in February 2025 with
the aim of mapping and categorising the existing academic
literature to identify gaps (Grant and Booth 2009). The re-
view speci cally explores how IS has been implemented in
the sector, the challenges involved, and the potential sustain-
ability bene ts of IS. The review was designed based on the
methodological principles presented in Kristensen and Mos-
gaard (2020); Snyder (2019), and Pautasso (2013). The method-
ology behind the literature review is illustrated in Figure 4.2.
The literature review was conducted in the database Scopus
using the following search string:

"industrial symbiosis" AND (construction OR building)

The search string was applied to the title, abstract, and key-
words, resulting in 291 publications. Hereafter, three lIters
were applied to omit irrelevant publications from the search.

1. Subject Area Filter: Limited to Engineering, Environ-

mental Science, Earth and Planetary Sciences, omitting Figure 4.2: Research process for literature re-
view. Author generated with inspiration from

51 publications (Kristensen and Mosgaard 2020)
2. Language Filter: limited to publications in English, omit-

ting 15 publications.

3. Document Type Filters: Limited to articles, reviews, con-
ference papers, and book chapters, omitting two publica-
tions.
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The 223 publications were hereafter manually assessed to identify the relevant literature.

1. Screening Titles: Omitted 63 publications (e.g., related to water management and agriculture),
leaving 160.

2. Screening Abstracts: Omitting 59 publications not focusing suf ciently on IS in construction,
resulting in 101.

During the abstract screening, several key themes emerged, including geographical scope, gaps, chal-
lenges and applications (e.g., case studies). Categories were developed based on content analysis.
Following this, similar codes were merged (e.g., residue ow mapping and residue ow analysis).
Subsequently, a matrix was created with the categories represented by columns and each publication
with a row. This matrix structure enabled the identi cation of tendencies across studies.

Based on the aim of the review, publications were manually selected based on their relevance. Speci -
cally, studies on the implementation of IS, associated challenges and barriers, as well as opportunities,
were included for further analysis. This selection process resulted in 22 publications. The literature

review is available in the supplementary information titted  "IS Literature Review"

4.2.2 Case Study

This thesis employs a single embedded case study approach to gain deeper insights into residue man-
agement and IS exploration within NOWI (Tight 2022; Yin 2009). According to the de nition of single
embedded case study from Yin (2009), this study is appropriate when the aim is to study a phenomenon
within the existing context and system, and where multiple sub-units exist within an organisation.

NOWI was selected for its industrial and research relevance, as well as the existing collaborative frame-
work within NOWI, which fosters trust and facilitates IS implementation. Additionally, the geographic
proximity of several companies allowed for on-site observations and direct employee interviews, en-
hancing data collection opportunities, facilitating close engagement with NOWI, and enabling the de-
sign and facilitation of a workshop. NOWI was established in 2016, and serves as a corporate group
with subsidiaries, specialising in wood-based products. NOWI consists of eight companies, with four
having production facilities in Denmark. In this thesis, the case of NOWI encompasses four companies
as embedded units; Scandi Byg, Lilleheden, Roust, and Palsgaard. NVIRO is not currently producing
products but has shown interest in this thesis and contributed in part by participating in meetings.
However, the company was not involved in the analysis activities, such as residue mapping or the
workshop. The companies work as independent units. However, within the last year, they have ini-
tiated several different networks across NOWI, to share knowledge. This includes sustainability, pro-
duction, and procurement networks. As these networks are in their early stages and have held limited
meetings, collaboration and relationships between companies are still emerging.

An overview of the companies included in this thesis is provided in Table 4.1 and Figure 4.7 illustrates
some of the products from the companies.
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