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ABSTRACT

Purpose: The construction industry is responsible for great amounts of resource consumption, waste gene-
ration and both carbon and greenhouse gas emissions in the European Union. The currently still predominant
linear mindset of take-make-consume-dispose must shift to reduce the industry’s environmental impact and
enable the transition towards a circular construction industry. Circular material hubs facilitate more circularity
by collecting, processing, and redistributing secondary building components to make them available for an-
other life cycle. In literature, little can be found about the system circular material hubs are embedded in and
their connection to architects. This study investigates the system of circular material hubs in the Netherlands,
its challenges, opportunities, and potential future developments in the transition towards a circular construction
industry. A special focus is placed on the role of architects within this system, as a circular construction industry
also needs designers to include secondary building components in designs. The Netherlands is one of the top
nations in the reuse of secondary raw materials and therefore provides as an exemplary setting for this explo-
ratory research.

Methodology: An exploratory, qualitative research approach was chosen. Fourteen semi-structured interviews
were conducted with representatives from circular material hubs, architects, as well as experts in the fields
of circular economy, circular construction industry and construction logistics. Practitioner interviews aimed at
identifying practices performed within the system of circular material hubs, and detecting challenges, oppor-
tunities and potential future developments as perceived by practitioners in the field. Expert interviews were
conducted to validate the information gathered through literature review and practitioner interviews.

Findings: The research found four practice bundles which are important for the system of circular material
hubs. These practice bundles are acquisition practice, processing practices, sales practices, and material
harvesting practices. Within these practice bundles, different practices and performances of these practices
were identified. The practices influence each other. Which building components are acquired influences which
processing practices need to be performed. The type of building component also influences the sales practice
as different building components target different groups of clients and are sold through different communication
channels. It is also crucial whether the building components are sold offline or online. The online marketplace of
Insert was found to be particularly helpful, as it is specifically designed for the construction industry and used
by circular material hubs as well as architects. This shows the influence of the choice of communication channel
on a circular design practice and scouting practices. By providing as much information as possible about the
secondary building component at hand, circular material hubs also facilitate a circular design practice. Additio-
nally, challenges, opportunities, and potential future developments of the system of circular material hubs were
identified. Challenges the system faces are related to uncertainty and irregular assortment, guidelines, costs,
and the provision of guarantees, while opportunities are governmental decisions, the provision of information
and the use of shared online marketplaces. Missing collaborations are both a challenge and an opportunity.
Future developments are primarily related to changes in the provision of secondary building components,

Research limitations: The limitations of this study are that social practice theory was not applied to the entire
research as it is not suitable for the assessment of challenges, opportunities, and potential future developments.
A greater variety of circular material hubs, not in number but in their field of activity, could present a different
view on the system. Semi-structured interviews also always have certain limitations. Identifying the practices
while they are being performed could also have led to more in-depth results.

Originality/value: By providing a comprehensive view on the system of circular material hubs in the Nether-
lands, this research helps to understand the dynamics within the system and allows the identification of potential
interventions based on the practices that constitute the system.

Keywords: circular construction industry, circular material hubs, material scouting, circular design, social prac-
tices



PREFACE

In front of you is the result of a twelve-month journey that has been characterized by a few setbacks,
highs and, finally, many new experiences for which | am truly thankful. This journey | am talking about
is my very personal journey of writing a master thesis, the biggest challenge and yet most rewarding
project | have worked on so far. Despite this thesis being the culmination of my two year MADE jour-
ney, it has thought me much more about myself than | had ever expected.

Twelve months ago, | was confronted with the question which topic | want to work on for my master
thesis and for once in my life it was easy to make a decision. | knew that | want to work on a topic
that is related to the construction industry and circularity. My interest for circular material hubs and
building component reuse stems from my background in architecture and the realization that what |
love so much, namely buildings and the beauty of the built environment, have a great environmental
impact. Therefore, | wanted to do research on a topic that has the potential to decrease the environ-
mental impact of the construction industry while also supporting the industry’s transition towards more
circularity. All these requirements in mind, circular material hubs seemed like the perfect topic and
now at the end of this journey, | am still happy with my choice.

At this point in my master’s thesis, it is time to thank the people who have supported me over the last
few months. First, thanks to my supervisors Mart van Uden and Bas van Vliet. Mart, thank you for
supporting me from the first second of this thesis onwards. You helped me to narrow down my topic,
you taught me and, what | am most thankful for, you helped me to navigate through a time of major
doubts by believing that this research can be finished. Bas, thank you for joining the team quite late in
the process when | was in need for a second supervisor and for making the team complete. You have
always been there to advise me, and your constructive criticism has helped me to complete this work.
Next in line to be thanked is Quinten, thank you for our regular discussions on the topic and especially
on Social Practice Theory. Your approach to understanding this complex, yet very interesting theory
was inspiring and helped me to understand myself how it can be applied. Now, it is time to thank my
friends who have been by my side the whole time. They encouraged me in my decisions, listened to
my when | was in doubt, comforted me when | needed it, celebrated every little milestone with me and
gave me honest feedback. Not to forget, thank you to my family. Even though they were over 1000
kilometers away, they helped me to overcome the challenges along the way by always believing in
me. Finally, thanks to all those who were willing to be interviewed and thus enabled me to collect the
data for this thesis.

Without the help and support of all of you, wiring this thesis would not have been possible, so all | can
say is, thank you!

Now that | have thanked everyone, it is time to wish you a lot of fun reading this work. | hope it provo-
kes you to reflect on what all of us can do, no matter how little, to take care of the earth we are living
on and gives you new insights into a world that still offers much to explore.

Irina Kéhrer
Amsterdam, February 2024
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GLOSSARY

Building component harvesting

In the construction industry, harvesting refers to the dismantling of building components from buil-
dings that are deconstructed. Depending on the building components, the harvesting process can
be done either manually using tools or with machines (e.g. doors and windows can be harvested by
hand, while heavy elements require machines) (Lukkes, 2019).

Building component scouting

This study understands building component scouting as the practice of looking for secondary buil-
ding components and deciding which ones match the requirements. Contrary to the harvesting prac-
tice, the building components are not dismantled by the scout. Scouting practices can be performed
online, by visiting online marketplaces and online shops, or offline, by visiting for example a donor
building (explanation by the author).

Built environment

The built environment is everything in our daily living space that is made by humans, not only those
parts which are evidently created by people, such as buildings or streets, but also those that intend
to bring a sense of nature into a city, for example, parks and green spaces, also including humans
themselves as inhabitants of the built environment (definition by the author).

Circular built environment

The circular built environment must (1) support human-wellbeing and natural systems; (2) be guided
by system thinking; (3) be leveraged by digital technology; (4) implement holistic urban planning; (5)
foster continuous material cycles; (6) design for maintenance and deconstruction; (7) provide flexible
productive buildings; and (8) combine integrated infrastructure systems® (Anacapi et al., 2022, based
on Ellen MacArthur Foundation, 2018).

Circular construction industry

A circular construction industry applies the circular economy concepts to the construction industry.
This translates into a more responsible use of materials and building components and regarding
construction and demolition waste as a source for new building components. It focuses on recycling
and reusing the industry’s waste (Lieder and Rashid, 2016 & Schroeder et al., 2019 & Tukker, 2015
& One et al., 2015, as cited in Osobajo et al., 2020) and the handling of a building (component) at its
end-of-life phase.

Circular economy

The CE is a ,human-centred regenerative and restorative socio-economic system which increases
human choices and builds human capabilities by recapturing value of materials and waste for people
through slowing, closing, and narrowing material and energy loops that minimise resource inputs
and waste, emissions, and energy leakage. This can be achieved by empowering workers, enabling
social inclusion and fostering sustainable lifestyles through applying practices and policies for long-
lasting human-centred design, maintenance, ensuring rights to repair, reusing and sharing, remanu-
facturing, refurbishing, and recycling” (Schréder et al., 2020, p. 5).

Circular material hubs

Circular material hubs are hubs which, by processing and supplying secondary building components,
help to enable more building components to be reused in the construction industry. They contribute
to improved logistics for and facilitate the use of secondary building components by bridging the gap
between various actors in the material cycle (definition by the author).

Sustainable Development Goals

The Sustainable Development Goals (SDGs) are seventeen internationally agreed sustainability in-
dicators which were presented by the United Nations in 2015 ,as a universal call to action to end
poverty, protect the planet, and ensure that by 2030 all people enjoy peace and prosperity” (United
Nations Development Program, n.d. para. 1).

GLOSSARY
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REGULATIONS, LAWS &
INSTITUTIONS

Here, all national and international regulations, laws and institutions mentioned in this work
are listed.

Dutch Coalition Agreement:

The Coalition Agreement is a plan developed by the Dutch government (i.e. the coalition
parties) which includes the planned achievements for the next Cabinet period. This thesis
refers to the 2021 to 2025 coalition agreement between the People’s Party for Freedom and
Democracy (VVD), Christian Democratic Alliance (CDA), Democrats '66 (D66) and Christian
Union (CU) (People’s Party for Freedom and Democracy et al., 2021).

EU Taxonomy for sustainable activities

The EU taxonomy is an EU-wide classification system for sustainable activities which aligns
with the net goal zero goal and the European Green Deal (European Commission, n.d.-b).

European Green Deal

The European Green Deal is a set of policy initiatives designed to guide EU countries in their
goal to be climate neutral by the year 2050 (European Commission, 2021).

Housing program (Programma Woningbouw)

The Housing program (programma woningbouw) is a plan of the Dutch government that fa-
cilitates the construction of 900,000 new homes required by 2030 as a rection to the housing
shortage in the Netherlands (Ministry of the Interior and Kingdom Relations, 2022).

Waste Framework Directive

The Waste Framework Directive provides a description and definition of principles linked to
waste management (European Commission, n.d.-c).

World Green Building Council

The World Green Building Council is a national network working towards a more sustainable
and healthier built environment (World Green Building Council, 2023-a).

REGULATIONS, LAWS, INSTITUTIONS



1. INTRODUCTION

The construction industry is not only one of the largest resources consumers but is responsible
for over 35% of the waste that is created in the European Union (EU) (European Commission,
n.d.-a). On a global level, the industry is responsible for 40% of the carbon emissions (Osoba-
jo et al., 2020) and five to twelve % of greenhouse gas (GHG) emissions on a national level
within the EU (European Commission, n.d.-b). However, while generating large amounts of
waste, only 30% of the materials and components that become available during the demolition
of a building are reused or recycled (Ellen MacArthur Foundation, 2013, as cited in Osobajo
et al., 2020). In 2022, the resources available each year were consumed within the first seven
months of the year (Green Building Council, 2023). According to the World Green Building
Council (2023), ,,by 2050, the global demand for conventional materials, such as steel, cement
and aluminum, is projected to increase by a factor of two to four“. Due to the production of
large amounts of waste, the emission of GHG and the consumption of primary resources, the
sector contributes significantly to environmental pollution. Hence, when thinking about the fu-
ture of the construction industry, it must be placed in the context of environmental pollution, ex-
ploitation of natural resources and climate change. Since ,climate change and environmental
degradation are an existential threat to Europe and the world“ (European Commission, 2021),
the EU has developed the European Green Deal. Through this concept, the EU does not only
want to become resource-efficient but be the first climate-neutral continent by 2050. To do so,
one of the first milestones is to reduce the net GHG emissions by 55% by 2030 compared to
1990 levels (European Commission, 2021). Due to the high GHG emissions caused by the
construction industry, the sector plays a major role in reaching the targets set by the EU.

The Netherlands is one of the top recycling na-
tions in the EU and ranked third on a European
level in 2016 (Centraal Bureau voor de Statistiek,
2018; Centraal Bureau voor de Statistiek, 2021;
European Environment Agency, 2022). Depen-
ding on the source, the recycling rates in the Net-
herlands are between 57% (European Environ-
ment Agency, 2022) and 80% (Centraal Bureau
voor de Statistiek, 2018). In the Dutch construc-
tion industry, 38% of the materials that were used
in this sector in 2016 were recycled materials
(Centraal Bureau voor de Statistiek, 2021). Due
to its relatively advanced recycling activities in an
EU comparison, the Netherlands were chosen as
the research area for this study.

In line with the targets of the EU and the European

Green Deal, the Dutch government is also wor-
king on reaching its climate objectives. Both the
European Green Deal as well as the new Dutch
coalition agreement stress the importance of the
circular economy (CE) in the process of achie-
ving climate objectives (European Commission,
2021; People’s Party for Freedom and Democra-
cy etal.,, 2021). In a CE, the take-make-consume-
dispose mentality of the linear economy is repla-
ced by the circular approach of prolonging the
life cycle of materials instead of regarding them
as waste. In order to reach the targets set by the
European Green Deal, decrease the environmen-
tal impact and contribute to the transition towards
a CE, the EU aims to increase material reuse whi-
le decreasing waste production through its Was-
te Framework Directive (European Commission,
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n.d.-a). Next to this, the EU published a taxonomy
for sustainable activities (European Commission,
n.d-b.). This EU-wide classification system helps
to achieve the net zero goal by 2050 and aligns
with the European Green Deal. It ,allows financial
and non-financial companies to share a common
definition of economic activities that can be con-
sidered environmentally sustainable® (European
Commission, n.d.-b). Annex Il of the Taxonomy
published by the European Commission in 2023
contains a chapter on construction and real esta-
te activities, including numbers that must be met
for the construction of new buildings, the renova-
tion of existing buildings and their demolition to
qualify as a contribution to the transition to a CE.

For an economic activity, and therefore also for a
construction project, to qualify as a contribution
to the transition towards a CE, the EU Taxonomy
(EC, 2023) defines the following numbers: When
it comes to the construction of new buildings, a
minimum of 90% of non-hazardous construction
and demolition (C&D) waste must be prepared
for reuse or recycling. Additionally, the primary
raw material consumption must be minimized by
using secondary raw materials. For the renova-
tion of existing buildings, a minimum of 70% of
non-hazardous C&D waste has to be prepared
for reuse or recycling and at least 50% of the
structure of the existing building must be retai-
ned. To achieve these goals, a change in thinking
is needed to make material reuse a standard fea-
ture rather than an additional hurdle. This starts,
for example, with deconstructing buildings rather
than demolishing them, collecting, controlling,
and preparing materials and making them availa-
ble for reuse (EC, 2023).

The need for reducing the environmental impact
of the construction sector contrasts with the gro-
wing demand for housing and the building of new
housing units. As the Netherlands is currently
facing a housing shortage, the government has
set a target to create 900,000 new homes by
2030 (Interior and Kingdom Relations, 2022). In
its housing program (Programma Woningbouw),
the Ministry of the Interior and Kingdom Relations
(2022) states half of the annual housing produc-
tion shall be achieved through circular and indus-
trial construction by 2030. Although increased
circular construction is an objective, it is put in
the context of industrial construction, including
digitalization, automation, unification, and stan-
dardization. All this contributes to more circularity
and can reduce waste production, but it does not
aim at extending the life cycle of materials that
are already available and still usable. Since C&D

waste is generated throughout the entire life cyc-
le of a building, from the design stage, through
the construction stage, maintenance stage, to its
end-of-life stage when it gets demolished, many
materials would be available for reuse. To make
construction materials that can be found in alrea-
dy existing buildings at their end-of-life phase
available for reuse, deconstruction must be cho-
sen over demolition.

However, released building components are not
always reused, but often downcycled instead,
which leads to a loss of material value. To give
an example: Even though it was found that mate-
rials with a value of 688 million euros are released
through renovation and demolition in Amsterdam,
down cycling leads to a loss of 50% of this value
(Rau and Oberhuber, 2022, Madaster section).
This shows that even in countries like the Nether-
lands, which are among the top nations in materi-
al reuse, there is still work to be done to establish
reuse practices in the construction industry. The
fact that the construction industry is a sector that
is slow to change (Zulu et al., 2023) does not help
to achieve success quickly, but it is a reason to
start making changes now.

1.1.

The construction industry is one of the biggest
resource consumers and waste producers in the
EU (European Commission, n.d.-a). To reduce
both of these numbers and decrease environ-
mental impact, the construction industry must
become more circular.

Problem statement

Some authors, such as Hosseini et al. (2015),
state that designers should take the lead in the
transition towards more material and building
component reuse and by that a circular construc-
tion industry. To use secondary building compo-
nents in architectural designs and consequently
in new construction projects, they must be avai-
lable for reuse. If there are no secondary building
components available, it is, first, hard to justify
why to include them in designs and, second, im-
possible to build new projects with them. In line
with this, Gorgolewski (2020) states that a shift
in the design process may occur when provision
of secondary materials and building components
becomes more available. This, again, points back
towards the availability of secondary materials.

For already used building components to be avai-
lable for reuse, buildings must be deconstructed
instead of demolished once they reached their
end-of-life phase. Currently, it is not always possi-
ble to bring the dismantled building components
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directly to the new construction site. Therefore, in
some cases harvested or scouted building com-
ponents must be stored until they are reused. This
is where circular material hubs become relevant
since they offer space to store secondary buil-
ding components temporarily. Circular material
hubs, as defined for this study, are hubs which,
by processing, storing, and supplying secondary
building components, help to enable more buil-
ding components to be reused in the constructi-
on industry. They contribute to improved logistics
for and facilitate the use of secondary building
components by bridging the gap between vari-
ous actors in the material cycle. From a transition
perspective, circular material hubs can support
the transition towards a circular construction in-
dustry. By storing and providing previously used
building components, they become more easily
accessible for reuse.

When it comes to the transition towards a circu-
lar construction industry, we know much about
circularity indicators for the built environment
(e.g. Heisel & Rau-Oberhuber, 2019; Cottafava
& Ritzen, 2020), C&D waste management (e.g.
Ruiz et al., 2020; Kabirifar et al., 2020; Zhang et
al., 2021), life-cycle assessments (e.g. Lei et al.,
2021; Has et al., 2020; Rios et al., 2019) and the
importance of resource reuse and designing for
reuse (e.g. Kozminska, 2019; Bertin et al., 2022).
Yet, little can be found on material hubs, let alo-
ne circular material hubs, since this is a concept
that is only emerging in the last few years. Studies
published on the topic of circular material hubs
focus mainly on spatial parameters and factors
influencing site selection (e.g. Tsui et al.,2023;
Yang et al., 2023; Duarte et al., 2023). There is an
increasing number of student theses about cir-
cular material hubs focusing on types of circular
material hubs (Nieuwhoff, 2022), their profitability
of as a waste management strategy (Karamanou,
2019), how they support the transition of building
material circularity in the cities (Shan, 2023), or
factors that influence practices within their supply
process (Isselman, 2023). In literature, however,
little can be found about the system of circular
material hubs, i.e. the target group of circular ma-
terial hubs, the channels through which they sell
secondary building components, by whom they
then in turn get scouted and how these practices
influence a circular design practice performed
by architects. This knowledge gap subsequently
leads to a lack of research on the system of cir-
cular material hubs, the correlation of practices
performed within this system and its contribution
towards a circular construction industry.

1.2.

The main objective of this research is to gain
more knowledge on the phenomenon of circular
material hubs in the Netherlands.

Research objective

As mentioned already, the construction industry
consumes a great number of natural resources
and produces large quantities of waste (Euro-
pean Commission, n.d.-a). To decrease the in-
dustry’s environmental impact, the construction
sector must become more circular. This includes,
for example, an increased reuse of building com-
ponents. This is when circular material hubs en-
ter the picture. Secondary building components
are processed in circular material hubs and pre-
pared for reuse. The question, however, is what
happens once the materials can be resold. Who
are the customers, how are they reached, who is
scouting building components, and how can this
be linked to a circular design practice?

This research therefore aims at investigating (1)
what the system of circular material hubs consists
of, (2) which practices are performed within the
system, and (3) how they together can facilitate
a transition towards a circular construction indus-

try.

1.3.

The main research question investigated during
this study is as followed:

Research question

What does the system of Circular Material Hubs
in the Netherlands currently consist of, and which
practices performed within this system facilitate
material reuse in architectural design practices in
the Dutch construction industry?

To answer the research question, four sub-ques-
tions are explored:

SRQ1: Which practices are performed in circular
material hubs to reintroduce secondary building
components into the material cycle and make
them available for reuse?

SRQ2: Which practices performed in circular ma-
terial hubs facilitate the reuse of building compo-
nents in circular designs?

SRQ3: Which different building component scou-
ting practices are there in connection to circular
material hubs?

SRQ4: What are opportunities, challenges, and
potential future developments of circular material
hubs in the Netherlands?

INTRODUCTION



1.4. Academic relevance

In academic literature, little can be found on the
topic of circular material hubs and the system
they are embedded in. As a recently emerging
topic in research, a more in-depth understanding
of circular material hubs is needed. This includes
the need to gain a broader view on the system
they are embedded in. Circular material hubs
as physical locations where secondary building
components are handled are not only interesting
because of the physical work that happens direct-
ly at the location to prepare building components
for reuse, but also because of the role they poten-
tially play in increasing the reuse of building com-
ponents. Next to the focus on the circular material
hub itself, it is important to understand the system
they are embedded in, or better the system they
constitute. It is important to understand the con-
nection between circular material hubs and other
actors in the construction industry to develop a
more in-depth understanding on the role they
play in the transition towards a circular construc-
tion industry. By understanding the role of circu-
lar material hubs within the system they are em-
bedded in allows to gain a better understanding
of their role in the transition towards a circular
economy. Circular material hubs facilitate the use
of secondary building components by making
them available to other actors in the construction
industry. Hence, they inherently contribute to the
transition towards a more circular construction
industry. However, it is important to understand
how they, next to the mere provision of seconda-
ry building components, potentially contribute to
greater building component reuse. Detecting the
connections and influences that appear within the
system does not only help to understand how the
system works, but also how it can be improved.
By improving the system, the aim is to achieve
a greater contribution to the transition towards a
circular construction industry.

1.5.

This research contributes to gain a more compre-
hensive view on circular material hubs and the
system they are embedded in. This is not only inte-
resting for practitioners in the construction indus-
try, but also benefits society. As the construction
industry is a major contributor to GHG emissions,
waste production and therefore environmental
pollution, it has a significant impact on people
and the planet. Practices that are directly related
to circularity and therefore resource protection or
efficiency as well as waste prevention add value
to both humans and the environment. Circulari-

Societal relevance

ty contributes to greater sustainability and helps
to achieve the climate goals that are necessa-
ry. As circular material hubs provide secondary
building components, they inherently contribute
to building component reuse. Providing a more
in-depth understanding of this system therefore
also contributes to an increased understanding
of potential factors that influence the transition to-
wards a circular construction industry. The more
circular the construction industry becomes, the
less impact it has on the planet, and therefore
also on humans. Replacing the take-make-con-
sume-dispose mentality by the circular approach
of prolonging the life cycle of materials instead of
regarding them as waste decreases the need of
primary raw materials. Additionally, if more mate-
rials are reused, less waste is produced, which in
turn also contributes to a healthier environment.

The societal relevance of the present research
can also be explained by means of the Sustai-
nable Development Goals (SDG). SDGs are se-
venteen internationally agreed upon sustainabili-
ty indicators which were presented by the United
Nations in 2015 ,as a universal call to action to
end poverty, protect the planet, and ensure that
by 2030 all people enjoy peace and prosperity®
(United Nations Development Program, n.d. para.
1). According to Ogunmakinde et al. (2022), se-
veral SDGs can be directly and/or explicitly as-
sociated with the construction industry. By pro-
viding a more comprehensive understanding of
the system of circular material hubs, this research
contributes to the following SDGs: SDG 8 (decent
work and economic growth), SDG 11 (sustaina-
ble cities and communities), SDG 12 (responsible
consumption and production), and SDG 15 (life
on land). Figure 1.1 provides an overview of the
SDGs this research contributes to.

DECENT WORK AND 12 RESPONSIBLE 15 LIFE
ECONOMIC GROWTH CONSUMPTION ONLAND
AND PRODUCTION

~
~
. >

1

Figure 1.1 Overview of the SDGs, this research
contributes to. From United Nations Development
Program.

o

The SDGs, European Green Deal and Dutch coa-
lition plan can all be linked to each other. Since
the CE contributes to reaching the set climate tar-
gets, it also contributes to the SDGs. The circular
construction industry, in turn, is placed is the con-
text of the transition towards a CE and therefore
also contributes to the SDGs. Ultimately, all of this
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provides a contribution to reach the climate ob-
jectives and limit exploitation of both the environ-
ment and humans.

1.6.

The present research was conducted over a pe-
riod of twelve months and focuses on the inves-
tigation of the system of circular material hubs in
the Netherlands.

Scope

Qualitative data was collected through semi-
structured interviews. The interviewees relevant
for this study can be categorized into three diffe-
rent groups: representatives of circular material
hubs, architects who consider secondary buil-
ding components in their designs, and experts
who are knowledgeable on different topics rela-
ted to a circular construction industry.

The study draws a clear line between material
hubs, which are mostly contributing to improve
transport logistics, and circular material hubs,
which are contributing to material reuse by col-
lecting, processing, and offering secondary buil-
ding components. Only circular material hubs
are considered in this study. It is not considered
important what exactly these hubs call themsel-
ves, as long as they work with secondary buil-
ding components and fulfil the other criteria (see
Table 5.1). Circular material hubs which only of-
fer components to produce secondary raw ma-
terials, e.g. ground concrete or shredded wood,
but no building components which can be used
immediately, i.e. structural elements, non-structu-
ral elements, or furniture, are not within the scope
of this study. For further information on all criteria
that must be fulfilled by the chosen circular mate-
rial hubs, see table 5.1. Circular material hub re-
presentatives interviewed for this study are wor-
King in management positions. This means that
their field of work does not include manual work
in the circular material hub (e.g. cleaning or re-
manufacturing secondary building components).

Further, within the scope of the study are archi-
tects who already include secondary building
components in their designs and therefore per-
form a circular design practice. Architects who
are not working with secondary building compo-
nents are not included in the present study. All
architects must be located and active in the Net-
herlands to be considered part of the investiga-
ted system of circular material hubs.

Experts incorporated in this study must have
knowledge on the circular economy, the circular
construction industry, construction logistics, cir-
cular material hubs, and designing with secon-

dary building components. Interviewees who are
considered experts do not have to be active in
the Netherlands but must have knowledge about
the current situation in the country.

The decision to only consider circular material
hubs in the Netherlands can be explained by
the country’s position amongst the top countries
when it comes to the reuse of secondary raw ma-
terials. For this reason, it was decided to inves-
tigate what the system of circular material hubs
consists of in a country that is one of the pioneers
to form a basis for future research on this topic.
The exact location of the circular material hubs
within the Netherlands had no influence on whet-
her they were eligible for the study. This means
that the circular material hubs did not have to be
located in a specific province due to the limited
geographical extent of the country, the resulting
spatial proximity and embedding in a similar sys-
temic environment.

The circular material hubs under investigation re-
present a variety of circular material hubs in the
Netherlands, e.g. by targeting different groups of
clients, their size, and the building components
they work with. The research recognizes that
there are many other circular material hubs and
architects present within the system of circular
material hubs in the Netherlands whose inclusion
could lead to a broader view of the system of cir-
cular material hubs in the Netherlands, e.g. be-
cause of different practices that potentially could
have been identified. However, by choosing cir-
cular material hubs according to predefined cri-
teria (see Table 5.1.), it was possible to intentio-
nally select them based on their differences and
similarities. By choosing circular material hubs
based on their differences, a wide range of the
system could be represented. Those differences
are, for example, the target groups they focus on
or the building components they handle. At the
same time, circular material hubs were also cho-
sen based on certain similarities such as their lo-
cation in the Netherlands and their ability to sup-
ply secondary building components for middle to
large scale construction projects to enable com-
parisons.

1.7.

This document is structured in a way that guides
the reader to understand the research from the
start to finish. Chapter 2, Theoretical background,
provides the reader with the most important in-
formation, concepts and strategies related a cir-
cular economy and circular construction industry

Outline
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that form the basis to understand the topic under
research. In chapter 3, Theoretical framework,
an explanation of social practice theory is provi-
ded. This can be understood as the lens through
which the topic of research is looked at. Chapter
4, Research methodology, is an explanation of
the analytical framework and the data collection
methods is provided. Following this, chapter 5,
Results, presents the findings of the research.
This chapter forms the base for chapter 6, Di-
scussion, where the findings are synthesized,
discussed, and compared to literature. Finally,
chapter 7, Conclusion, provides the conclusion
of the present research, including its limitations
and recommendations for both practitioners and

future research. Table 1.1. visualizes the study
outline and shows in which chapters the sub-re-
search questions are targeted.

Reader’s guide

The general outline of each chapter is as follows:
in the beginning, an introduction provides an out-
look on the content of each chapter, including
a summary of the most important topics. In the
main body of each chapter, the respective chap-
ter topics are covered, explained, and discussed
in detail. At the end of each chapter, a chapter
summary brings together the most important in-
formation and take aways.

Related sub-research question

SRQ1: Which practices are performed in circular material

hubs to reintroduce secondary building components into

the material cycle and make them available for reuse?

SRQ2: Which practices performed in circular material

hubs facilitate the reuse of building components in circular

designs?

SRQ3: Which different building component scouting

practices are there in connection to circular material

hubs?

SRQ4: What are opportunities, challenges, and potential

future developments of circular material hubs in the

Netherlands?

Chaoter 1 Introcution
Chaoter 2 Theoretical background
Chaoter 3 Theoretical framework
Chaoter 4 Research methodology
52
52
Chaoter 5 Results
52
5.2
Chaoter 6 Discussion
Chaoter 7 Conclusion

Table 1.1 Overview of the study outline and the sub-research questions.

INTRODUCTION



2. THEORETICAL BACKGROUND

The Theoretical background chapter provides an overview of concepts related to the circu-
lar construction industry which are necessary to understand why a transition towards more
circularity is needed and how this supports national and international efforts of climate pro-
tection. First, the current state of our economy will be described, including different types of
economies and material loops. Second, advantages of a circular economy will be highlighted
and its importance for the environment, society and economy are described. Following this,
an explanation of the R-ladder, one of the ways to measure the degree of circularity, will be
provided. This is important to provide the reader with a tool to distinguish different stages of
circular progress. This also helps to categorize the various processing practices for secondary
building components in circular material hubs later in this study. Subsequently, the focus will
be placed on the circular built environment and circular construction industry. This part of the
chapter is especially important for the present study to understand the context of the research

as it also focuses on circular material hubs.

2.1.

Currently, the linear economy (LE) is still the
predominant economic concept when it comes
to the use and management of resources. It is
characterized by a take-make-consume-dispose
mentality where natural resources are extracted,
turned into goods to generate profit, and dispo-
sed when they are not needed anymore (Sariatli,
2017). The circular economy (CE) is the antithesis
to the LE and provides a concept which is con-
sidered a key strategy for enhancing sustainabi-
lity (Preston, 2012 & Lieder and Rashid, 2016 &
Ghisellini et al., 2018, as cited in Osobajo et al.,
2020). Potting et al. (2017, p.4) state that ,as a
rule of thumb, more circularity equals more en-
vironmental benefits”. The CE aims at a reduction
of natural resource and material consumption,
while minimizing waste production, decreasing
the release of pollutants into the soil, water, and
air, and retaining value over a longer period (Pott-
ing et al., 2017; Morseletto, 2020). Instead of dis-
posing products once they reach their end-of-life
phase, they are returned to the system (Ogunma-
kinde, 2022). There is a broad concept of what

Linear and circular economy

a CE is, including certain characteristics and
aspects. However, there is no commonly accep-
ted definition of a CE yet (Kirchherr, 2017; Yama-
guchi, 2022). In 2017, a study by Kirchherr et al.
found 114 definitions of a circular economy. Only
a couple of years later, in 2023, Kirchherr et al.
published a follow up study which included the
analysis of 221 CE definitions that were published
after 2017. This shows that there are a large num-
ber of CE definitions. Some definitions that can
be found in literature are primarily concerned with
material resources and waste, while others argue
for a transformation of the entire economic system
(Rizos et ak., 2017). Geissdoerfer et al. (2017)
found that the majority of authors do not consi-
der the three dimensions of sustainability (social,
economic, environmental) comprehensively, but
primarily look at the environmental performance
enhancement that can be achieved through a
CE. Furthermore, social wellbeing is only cove-
red marginally by most CE authors, leading to
many CE concepts that “appear to exclude large
parts of the social dimension” (Geissdoerfer et
al., 2017, p. 766). According to Jaeger-Erben
(2021) this lack of attention to social sustainability
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Figure 2.1 Comparison of linear economy, recycling economy, and circular economy, visualizing the handling
of resources. Adapted from Council for the Environment and Infrastructure, 2015, p. 60.

and social change has been reason for criticism.
In 2023 (p. 6), Kirchherr et al. found that social
issues such as “human health, well-being, and
development, ‘just’ transitions, and the concept
of a circular society” are also dealt with throug-
hout the sample of definitions that were published
recently (e.g. Schréder et al., 2020; Friante et al.,
2020; Jaeger-Erben et al., 2021)).

The present study is also in favor of a CE definiti-
on that does not only combine economic benefits
with necessary environmental efforts, meaning
that the current linear behavior is replaced by
a circular behavior while still supporting the un-
derlying mechanisms that characterize the linear
system today. Hence, this research aims for a CE
definition that rethinks the system and considers
social aspects as well. Based on the CE definition
provided by Geissdoerfer et al. (2017, p. 759),
Schréder’s et al. (2020, p. 5) attempt to define a
CE including a focus on human development is
as follows: The CE is a

~human-centred regenerative and restorative
socio-economic system which increases hu-
man choices and builds human capabilities by
recapturing value of materials and waste for
people through slowing, closing, and narrowing
material and energy loops that minimise resour-
ce inputs and waste, emissions, and energy
leakage. This can be achieved by empowering
workers, enabling social inclusion and fostering
sustainable lifestyles through applying practi-
ces and policies for long-lasting human-centred
design, maintenance, ensuring rights to repair,
reusing and sharing, remanufacturing, refurbis-
hing, and recycling.”

The definition provided by Schréder et al. (2020)
is also the one used in this research.

2.2.

One of the main differences between different
economic concepts such as the LE and CE is
the way resource use is handled. Since nothing
is black and white, there are also concepts which
are positioned between LE and CE, for example
the economy with feedback loops, which is also
known as recycling economy (RE) (Council for
the Environment and Infrastructure, 2015). Figu-
re 2.1 shows a graphic from the Council for the
Environment and Infrastructure (2015) which de-
picts the differences in resource use between LE,
RE and CE. LE does not consider reusing and
recycling materials and products at all. As al-
ready mentioned before, this economy is solely
focused on a single life span of a product. One
step further is the so-called recycling economy,
where materials are recycled, but raw materials
are still added, and waste is generated. This me-
ans that although a cycle already exists, it is not
completely closed yet, and the focus is on recy-
cling and recovery (rather than reuse). In a CE,
however, the loops are fully closed, and materials
and products are reused repeatedly (Council for
the Environment and Infrastructure, 2015). A cir-
cular approach to managing the use of resources
would mean that materials and products stay in
the chain as long as possible and are used again
after a product is disposed, ideally maintaining
their initial quality (Potting et al., 2017). Despite
all circularity efforts, it must be emphasized that
it is not possible to close the material loop 100%
due to additional materials that must be added to
keep the original ones in the cycle (Eberhardt et
al., 2019, as cited in Benachio et al., 2020).

Material loops in different economies
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2.3. Environmental, social,andeconomic
advantages of a circular economy

According to van Buren et al. (2016), shifting to-
wards a CE creates economic, social, and en-
vironmental value and Ghisellini et al. (2018, as
cited in Osobajo et al., 2022) state that material
reuse provides both environmental as well as
economic advantages. The Dutch government
claims that a transition towards a CE is required
to meet their climate targets and creates new
economic opportunities such as new markets,
new income streams and more collaboration but
also stresses that new economic structures must
be developed for these opportunities to arise (Mi-
nistry of Infrastructure and Water Management,
2021).

The following three benefits were found by van
Buren et al. (2016):

1. Less dependency on other countries for im-
porting natural resources to produce goods.

2. Employment generation due to an increased
need for regional reuse, repair, remanufactu-
ring, and reclamation activities. These activi-
ties were traditionally outsourced to countries
with lower wages but are recently relocated
closer to the place the end products are sold.
Additionally, more jobs are created in indus-
tries which offer innovative expertise, advan-
ced technologies and services for circular
production-consumption chains and protec-
tion of the environment.

3. Possibility of an immediate and substantial
decrease of environmental impact.

In this context, the question arises whether circu-
lar business models per se are enough to facili-
tate a transition towards a CE. Hart et al. (2019,
p. 620) argue that, despite circular business mo-
dels often being seen “as enablers and facets of
CE”, it depends on the context whether they are
enablers or barriers. When it comes to alternative
ownership models, for example, a performance
contract on its own is not enough. As an example,
Hart et al. (2019) refer to the pay-per-lux model
for lighting. Instead of solely providing the lumi-
naires, it is crucial to consider future dismant-
ling, disassembly, and upgrading. Additionally,
Maitre-Ekern (2021) stresses the importance of
producer responsibility for repair and so-called
take-back schemes. This means that they must
produce products that can be used for as long
as possible, with materials that can be used for
as long as possible. If producers must take back
their products at the end of their life cycle, either

to prepare the product for another use time or to
use use its components for another product, it is
an incentive to (1) produce products that can be
disassembled, and (2) use materials that are of
good quality to reduce economic losses. Produ-
cers “must plan for waste avoidance, not waste
management” (Maitre-Ekern, 2021, p. 10)

A factor that also plays a role in the question of ex-
tending the life cycle and usage time of materials
is of financial nature. Rau and Oberhuber (2022,
Write down, not off section) provide an example
about furniture use duration in hotels. According
to them, furniture in big hotel groups is changed
after five to seven years. Even if the furniture was
still in good condition, it would be replaced due
to the financial depreciation period. This example
shows that materials or products can still work
perfectly fine, even after they reach their first end-
of-life phase. It is therefore important to ensure
that discarded materials and products are reu-
sed to reduce excessive and unnecessary use of
primary raw materials.

2.4. The R-ladder, measuring circularity

The R-ladder or R-list is a hierarchy of strategies
to achieve more circularity and a useful way to
talk about or measure the degree of circularity.
There are various ways to assess the degree of
circularity. This research uses the concept of the
R-ladder, as it is also part of EU policies and the
Waste Framework Directive, a concept which tar-
gets the basic waste management principles and
defines what waste is (European Commission,
2008).

The R-ladder has its origin in the ,Ladder of Lan-
sink* (,Ladder van Lansink" in Dutch), a concept
for waste management and resource protection
introduced by the Dutch politician Ad Lansink in
1979. Other names for the ,Ladder of Lansink"®
are ,Waste Hierarchy or ,Hierarchy of Was-
te Management® (Recycling.com, 2021). There
are several advantages associated with the im-
plementation of a waste hierarchy, including re-
duced energy consumption, decreased harmful
substances, protection of resources, encourage-
ment of green technologies and prevention of ha-
zardous GHG emissions (Recycling.com, 2021).

Over time, different variations of R-ladders were
developed, which differ mostly in the number
of circular strategies (i.e. numbers of Rs on the
ladder). While the original ,Ladder of Lansink*
consists of six steps, namely reduce, reuse, re-
cycling energy recover, incineration and landfill
(Recycling.com, 2021), there are versions with
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Waste hierarchy

PRODUCT
(NON-WASTE)

PREVENTION

PREPARING FOR RE-USE

RECYCLING

RECOVERY

DISPOSAL

Figure 2.2 Waste hierarchy of the EU, visualizing the
preferred hierarchy from prevention to disposal, from
EC, 2008.

up to ten circular strategies (RO - R9), including
recover, recycle, repurpose, remanufacture, re-
furbish, repair, re-use, reduce, rethink and refuse
(Potting et al., 2017). Even though there is also an
R-ladder specifically designed for the construc-
tion industry, the so-called Delft Ladder, which
is based on “prevention, construction reuse, ele-
ment reuse, material reuse, useful application,
immobilization with useful application (recycling,
composting, anaerobic digestion), immobiliza-

l. Prevention

Il. Preparing
for re-use

lll. Recycling

IV. Recovery

@ V. Disposal

tion, incineration with energy recovery, incinera-
tion and landfill”. (Zhang et al., 2021; Hendriks &
Dorsthorst, 2001), this study will use a five-step
waste hierarchy provided by the EU which con-
sists of prevention, preparing for reuse, recycling,
other recovery, and disposal (EC, 2008). Figure
2.2 shows the EU waste hierarchy. Regardless of
which R-ladder is chosen, the following applies to
all: the lower the R-number, the higher the degree
of circularity (PBL Netherlands Environmental As-
sessment Agency, 2018).

The CE also works with R-based principles, also
called a 3R rule, namely reduce, reuse, and recy-
cle (Zhang et al., 2022). Comparing the Rs used
in the CE framework to the Rs used in the waste
hierarchy, one can see that the former does not
include disposal, while the latter does (Zhang et
al., 2022). According to Zhang et al., (2022), an-
other similarity is, that both the CE and the waste
hierarchy take the entire life phase of a product
into account, which means that they consider the
pre-use (prevention), use (preparing for reuse),
and post use (recycling, other recovery, dispo-
sal) phase of a product.

Actions undertaken prior to materials or products
becoming waste, which reduce the amount of waste,
it’s impact on both environment and human health
and the level of pollutants in materials and products.

Re-use is the action of using products or components
which are not waste again in their original application.
Preparing for reuse are therefore all steps that need
be taken before a product or component can be
re-used, including checking, cleaning or repairing,
but excluding any other pre-processing.

Actions which include reprocessing waste materials
into products, materials or substances for their initial
or a different use. Excluded are actions such as
energy recovery and reprocessing waste into fuel or
backfilling.

Actions which lead to waste fulfilling a useful functi-
on, either by substituting for other materials or by
processing it to perform a specific function.

Actions other than recovery, including those which
might have recovery of substances or energy as a
side effect.

Figure 2.3 Explanation of the concepts used in the five-step waste hierarchy from the EU, illustrated by the

author.
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The decision to work with the waste hierarchy of
the EU was made to directly link the present re-
search to the targets of the EU. Furthermore, not
all strategies included in larger R-ladders such
as the one with ten steps are important for this re-
search, as the focus is on strategies to extend the
life cycle of building components and keep them
in the loop for longer. To understand the used R-
ladder or five step waste hierarchy better, Figure
2.3 provides a definition of all concepts included
according to the definitions provided by the EU
(EC, 2008).

2.5.

Before discussing a circular construction indus-
try, it is necessary to address the circular built
environment. To do so, the term built environment
must be defined, as this definition provides the
basis for a conversation about a circular built en-
vironment.

The circular built environment

The built environment

There is no commonly accepted definition of
the built environment (Ancapi et al., 2022). Whi-
le some scholars refer to construction elements
or infrastructure, others focus on multiple levels
within the urban scale. The EC defines the bu-
ilt environment as “everything people live in and
around, such as housing, transport infrastructure,
services networks or public spaces” (European
Parliament, n.d., para. 2). Bolton et al. (2018, p.
27) provide a similar but more detailed definiti-
on: ,All forms of buildings (residential, industrial,
commercial, hospitals, schools), all economic in-
frastructure (above and below ground) and the
urban space and landscape between and around
buildings and infrastructure®. This study defines
the term as follows:

The built environment is everything in our daily
living space that is made by humans, not only
those parts which are evidently created by peo-
ple, such as buildings or streets, but also tho-
se that intend to bring a sense of nature into a
city, for example, parks and green spaces, also
including humans themselves as inhabitants of
the built environment.

The inclusion of humans in the definition of a build
environment can be argued as follows: First, they
play a crucial and leading role in the construction
of the built environment, namely as initiators and
builders of, for example, new construction pro-
jects. Second, they can and do intervene in na-
ture and the built environment according to their
wishes. If they want to seal an area or remove
trees to build there, they can do so, if permission

is granted. Therefore, humans are considered
part of the built environment, too. This means that
everything that would not be there without human
intervention, including humans themselves, can
be summed up as built environment in this study.

The circular built environment

The circular built environment, in turn, is about
implementing the concept of CE in the built en-
vironment and applying CE characteristics to
reduce its environmental impact. According to
Ogunmakinde et al. (2022, p. 2) ,the World Green
Building Council acknowledged the CE as one of
the innovations that could enable the built envi-
ronment contribute to sustainable development®.
This notion is also supported by Schroder et al.
(2020) who state that sustainable urban transiti-
ons need an incorporation of CE principles into
the built environment. Similarly, Joensuu and
Saari (2018) state that, due to its large environ-
mental impact, a circular built environment could
lead to a reduction of many issues regarding
sustainability. Furthermore, they note that it is
not only about physical aspects of the built en-
vironment, such as the construction of buildings
and infrastructure, but also about the way they
are ,operated, maintained and used for different
purposes” (Joensuu and Saari, 2018, p. 3). The
approach of not only including physical construc-
tions, but also humans and their interactions with
the built environment, is also supported by other
authors and organizations. Based on Schrdder et
al. (2020) and Korhonen et al. (2018), Ancapi et
al. (2022, p. 1) state that “political, social, econo-
mic and behavioural aspects, which are known to
present essential barriers and drivers to systemic
change” are not considered when it comes to the
circular built environment. Ancapi et al. (2022, p.
2) provide a summary of the understanding of the
circular built environment by the Ellen MacArthur
Foundation in 2018, which does not only refer to
buildings and construction, but must

,(1) support human-wellbeing and natural sys-
tems; (2) be guided by system thinking; (3) be
leveraged by digital technology; (4) implement
holistic urban planning; (5) foster continuous
material cycles; (6) design for maintenance and
deconstruction; (7) provide flexible productive
buildings; and (8) combine integrated infras-
tructure systems.

This study also adopts the view that humans are
part of the circular built environment. If the CE
concept is implemented in the built environment,
and, according to the definition of a CE provided
in chapter 2.1., humans and society must be con-
sidered in a CE, they inherently also must be part
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of the circular built environment. Therefore, the
definition of a circular built environment by the El-
len MacArthur Foundation, as provided above, is
also applicable to this research.

2.6. The circular construction industry

In the context of the construction industry, the
CE concept translates into a more responsible
use of materials and building components and
regarding C&D waste as a source for new buil-
ding components. This means that a circular
construction industry focuses on recycling and
reusing the industry’s waste (Lieder and Rashid,
2016 & Schroeder et al., 2019 & Tukker, 2015 &
One et al., 2015, as cited in Osobajo et al., 2020).
Therefore, the handling of buildings and building
components at their end-of-life phase is crucial.
The importance of a shift towards a more circular
construction industry is highlighted by Kootstra
et al. (2019, p. 3) who state that ,even a \less li-
near’ economy could create large impact, since
the construction sector accounts for large resour-
ce consumption, greenhouse gas emissions and
waste production.*

Construction and demolition waste

A comparison of the C&D waste management
practices of the EU member states (note: EU28)
showed that the Netherlands is the country with
the best C&D waste management (Zhang et al.,
2022).

The construction industry uses 50% of all the raw
materials that are minded globally every per year
(de Wit et al., 2018, as cited by Anastasiades et
al., 2021). While in 1960 approximately 21 billion
tonnes of raw material were extracted, the num-
ber quadrupled, leading to roughly 84 billion ton-
nes of extracted raw materials today (de Wit et
al., 2018, as cited by Anastasiades et al., 2021).
According to Zhang et al., (2021), C&D waste is
the main waste stream of gross waste production
in our society nowadays. According to Reike et
al. (2018), as cited in Anastasiades et al. (2021),
from the 95% of C&D waste that can be recycled,
most is downcycled and used for the foundation
in road construction. The large quantities of C&D
waste can be partly attributed to the fact that the
construction industry still operates on a linear mo-
del, where natural resources are extracted, tur-
ned into building components and assembled in
such a way that they cannot be deconstructed
and therefore must be sent to landfills or incine-
rated (Ellen MacArthur Foundation, 2015 & Man-
gialardo and Micelli, 2018, as cited in Benachio
et al., 2020).

C&D waste is not only made up by waste pro-
duced during the C&D phase of a building, but
also during renovation. While demolition only
accounts for 8% of all building activities, it pro-
duces, depending on the source, 55% to 70% of
C&D waste. New construction, on the other hand,
produces 16% of C&D waste while being respon-
sible for 52% of all building activities. Renovation
accounts for 29% of C&D waste while making
up 40% of building activities (Koutamanis et al.,
2018).

According to Kibert (2016, as cited in Osobajo et
al., 2020), more than 50% and thus most of the
C&D waste is generated during the end-of-life
phase of a building and the demolition process.
Nevertheless, is important to keep in mind that
C&D waste is generated throughout the entire life
cycle of a building, which implies that waste is
not generated only when a building is demolis-
hed or deconstructed. C&D waste can already
be prevented during the design process when
designers are aware of decisions that can be ta-
ken to reduce waste (Esa et al., 2016, as cited in
Benachio et al., 2020). According to Adams et al.,
2017, as cited by Hart et al., 2019, how circular
each stage of a building’s life-cycle can be is in-
fluenced by

Jlegislation and policy; awareness and unders-
tanding, manufacture of construction products
(design for end-of-life); designing and operating
buildings (design for disassembly, adaptability
etc.); recovery of materials and products (mar-
ket mechanisms); business (Circular Business
Models - CBMs, contracts, metrics);, economic
(the financial case for CE)".

The production and sources of waste differ based
on construction activity, site, and process (Jones
& Greenwood, 2003, as cited in Ogunmakinde,
2019). Ogunmakinde (2019) reviewed different
studies to find significant factors which contribu-
te to the generation of C&D waste. As part of this,
Ogunmakinde (2019, p. 25) noted the following
causes for C&D waste:

.inadequate storage facilities, off-cuts of mate-
rials, improper handling of materials, poor site
management practices, material spillage and left
over, poor supply chain management, contrac-
tors’ inexperience, mistakes, rework, and inade-
quate scheduling®.

According to Ghisellini (2008, as cited in Donkers,
2020), the environmental impact can be reduced
by reusing construction elements in their initial
form instead of recycling them first. The material
stock available within the urban fabric and bu-

THEORETICAL BACKGROUND

12



ilt environment can provide resources for future
construction projects once a building reaches its
end-of-life phase (Gorgolewski, 2019).

Building component categories

For this research, four different categories of
building components are important, depending
on how and for what they can be used. In other
words, some products can be used to create new
materials, while others can be directly reused in
the same way they were used in the past. A dis-
tinction can be made between secondary raw
materials, structural elements, non-structural ele-
ments, and interior (Figure 2.4). A differentiation
between the four categories is important as this
research is also concerned with the category of
building components offered by a circular mate-
rial hub. Below, a description of each category
including some examples is given:

l. Secondary raw materials: Secondary raw
materials are those materials which are returned
to the economy and material chain as new raw
materials, e.g. by recycling waste or end-of-life
products (Polidori, 2021). Examples for seconda-
ry raw materials are wood in various forms, pa-
per, glass, metals, or plastics (PPC Group, 2022).
According to the Dutch Ministry of General Affairs
(2023), “in a circular economy, waste is the new
raw material”.

Il. Structural elements: Structural elements
include all elements or building components that
can resist forces and therefore help to prevent a
building structure from collapsing. This includes,
amongst others, foundations, beams, columns,
structural and load-bearing walls, slabs, or roofs
(Law Insider, n.d.).

[l. Non-structural elements: Non-structural
elements comprise all building components that
are non-load-bearing and do not directly absorb
forces but are attached to a building or can be
found within a building. These include, amongst
others, windows, doors, (false) ceilings or panels
(Humanity Development Library 2.0, n.d.; Murty,
C.V.R., nd.).

V. Interior: Even though furniture such as
tables, chairs, shelves, or cupboards, which are
necessary for the operational use of a building,
are also part of the non-structural elements, they

.. ... .... "

Figure 2.4 Overview of the building component cate-
gories. Visualized by the author.

are assigned to the Interior category in the pre-
sent study due to their significantly different na-
ture than non-structural elements.

2.7.

Before discussing circular material hubs, the
concept of material hubs must be explained. This
forms the basis to understand the emergence of
circular material hubs,

Circular material hubs

Material hubs

A material, construction or logistics hub is a fa-
cility that supports the logistics of construction
projects by providing a central location outside
of cities from where building components can be
distributed. Building components are brought to
the material hub in large quantities, stored there
and then transported directly to the construction
site in smaller quantities (van Hoogdalem, 2022).
By organizing and making the logistics for cons-
truction projects more efficient, material hubs
contribute to reduced pressure on the construc-
tion site surrounding, less congestion, improved
air quality and decreased CO2 emissions (Meta-
bolic, n.d.; van Hoogdalem, 2022). Material hubs,
however, do not aim at facilitating more circularity
within the construction industry, as they do not
focus on secondary building components (Meta-
bolic, n.d.).

Circular material hubs

In comparison to material hubs, circular mate-
rial hubs focus on the provision and logistics for
reused building components. Due to a possible
discrepancy between supply and demand, both
in terms of time, location, quantity, and quality,
it is necessary that materials can be stored tem-
porarily (Metabolic, n.d.). This is where circular
material hubs can help. A study provided by Tsui
et al. (2023, p.4) found that there are two unders-
tandings of circular material hubs, namely

“as industrial hubs or clusters, where circular
companies are close to one another in order to
share and exchange resources and knowledge,
or as urban mining hubs, where materials are col-
lected, stored, processed, and re-distributed.”

From this, is can be concluded that circular ma-
terial hubs are characterized either by the co-lo-
cation of companies with a circular mindset or by
the provision of secondary building components.
The present study focuses on the second defini-
tion of circular material hubs as spaces to store
recovered building materials and components
temporarily, verify their condition and quality,
process them, and prepare them for reuse be-
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fore passing them on. Tsui et al. (2023) further
differ between four categories of circular material
hubs, as seen in Figure 2.5, based on their regio-
nal scale, industry perspective, local scale, and
logistics perspective. In the following, a descrip-
tion for each category is given, as provided by
Tsui et al. (2023).

a) Circular industry hubs work on a large scale
(national, provincial) and process bulk building
materials, e.g. asphalt, concrete, sand, gravel, or
topsoil.

b) Urban mining hubs handle building compo-
nents which do not need “processing before re-
distribution” through sorting, storing and distri-
bution, e.g. bricks or doors. There is potentially
one bigger hub connected to smaller so-called
satellite hubs.

c) Circular craft centers and local material banks
together form the category of craft hubs.

a. Circular craft centers work on a more regio-
nal scale and produce small scale products from
residue construction flows, e.g. furniture or retail
areas.

b. Local material banks are often connected to
circular craft centers because they are at the
same location or run by the company. They pro-
cess residue flows which are not interesting for
larger companies and often work together with
people with a distance from the labor market.

The present study focuses on circular material
hubs which fall in the category of urban mining
hubs. These circular material hubs focus on

“housing and offices (...) because they often
have standardized materials, and require regu-
lar renovations ... [and] [g]overnment buildings
(...) [because they] are backed by the govern-
mental circular public procurement strategies,
which allow for more centralized coordination of
construction and demolition” (Tsui et al., 2023,

p. 14).

Regional scale
A

Urban mining
hub

Logistics <

> Industry
perspective

perspective

v

Local scale

Figure 2.5 Different types of circular material hubs.
Adapted from from Tsui et al., 2023, p. 10.

The main activities in circular material hubs are
“inspection, sorting, upcycling, preparation for
reuse/recycle, reuse or storage” (Karamanou,
2019, p. 10)

As shown above, different terms are used in aca-
demic literature and in practice to describe cir-
cular materials hubs. Therefore, it is important to
mention that the similarities between the under-
lying concepts described in various publications
on this topic are important rather than a confor-
mity in names (e.g. circular building hub, circular
material hub, circular construction hub, or urban
mining hub). To conclude, this study understands
circular material hubs as hubs which, by proces-
sing and supplying secondary building compo-
nents, help to enable more building components
to be reused in the construction industry. They
contribute to improved logistics for and facilita-
te the use of secondary building components by
bridging the gap between various actors in the
material cycle.

Materials offered in circular material hubs

Harvesting secondary materials can be suppor-
ted by, among other actors, demolition or salva-
ge companies (Gorgolewski and Ergun, 2013, as
cited in Ditte et al., 2021). For circular material
hubs, especially those building components with
a long life cycle are important, since they can be
reused and therefore offered at those hubs (Lei-
sing et al., 2018, as cited in Ditte et al., 2021).
According to Ogunmakinde et al. (2022), a sig-
nificant proportion of construction materials can
be reused and recycled. In some cases, reusing
a material is the preferred option, while in others
recycling is the better choice. Ogunmakinde et
al. (2022) cite information provided by different
scholars on materials which are preferably reu-
sed or recycled. For windows and doors, reuse
is preferred, while wall and roof structures are
suitable for both reuse and recycling, concrete
and steel are preferably recycled and an entire
building can be reused (Ng and Chau, 2015, Yel-
lishetty et al., 2011 & Al-Obaidi et al., 2017, as
cited in Ogunmakinde et al., 2022).

Contribution towards a more circular construction
industry

The demand for building components cannot be
met with what becomes available through de-
construction (Shan 2023). Nevertheless, circular
material hubs have positive effects on minimizing
demolition waste and increasing both material ef-
ficiency and the proportion of secondary material
used in a project (Shan, 2023). Next to promo-
ting material reuse, they can also contribute to a
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greater stakeholder awareness (CIRCLE Econo-
my & Metabolic, 2022, Economy, 2020, as cited
in Shan, 2023). Shan (2023) states that circular
material hubs can be understood as a supporting
factor in the transition towards more circularity,
but that matching supply and demand is just one
piece of the puzzle in the entire transformation.

2.8. Reuse in the construction industry

LArchitect Jeanne Gang suggests that ,[b]y pro-
posing a building made from materials at hand,
the project introduces an entirely new paradigm
for a project delivery process that has not chan-
ged substantially in the last fifty years. It radical-
ly alters the way a building is both conceived
and made: form follows availability’ (Gang &
Gang, 2010, as cited in Gorgolewski, 2019, p.
2)."

The design phase has been found to be the most
The design phase has been found to be the most
favorable time to decrease C&D waste (Ekanaya-
ke and Ofori, 2004, as cited by Akanbi et al.,
2019). According to Anastasiades et al. (2021),
it is necessary to improve more than just the en-
vironmental performance of materials and the
construction of newly built projects, as it is also
crucial to optimize the design and how it is built.
In line with this, Ditte et al. (2021), who are citing
Johansen and Wilson (2006) and Kibert (2013),
stress the importance of incorporating circularity
at the beginning of a construction project by sta-
ting that the pre-phase of a project might be even
more decisive when it comes to an effective im-
plementation of circular strategies. Steps which
become important during the end-of-life phase of
a building, such as dismantling, reuse or recyc-
ling, must already be considered during the first
phases, when a project is initiated, prepared, and
designed (Ditte et al., 2021). Next to this, Kooter
et al. (2021) state that a more conceptual level of
designing is needed to cope with the unpredicta-
ble supply of building components. This indica-
tes that designers need to change the approach
to a design project and incorporate a circular way
of thinking already at the planning stage.

Literature shows that designing with secondary
building components requires additional skills.
Kozminska (2019, p. 7), for example, states that
architects who are designing with secondary buil-
ding components need more and more expertise
in navigating “between often contradicting cir-
cumstances without compromising the quality
of created sustainable architecture.” According
to Hosseini et al. (2015), designers are often not
concerned with meeting the requirements of de-

construction due to the linear thinking they are
used to. While designers learn how to design
with primary building components during their
education and practice, designing with seconda-
ry building components is often not included in
their education (Kozminska, 2019). Gorgolewski
(2020) states that a shift in the design process
may occur when there is a better understanding
of the use of secondary building components and
when they become more available. This means
that, next to knowing how to design with secon-
dary building components, it is also important
to know where to find the necessary information
about them. When designing with primary buil-
ding components, information about these com-
ponents can be acquired from resources such
as catalogues, brochures, websites, or experts
(Kozminska, 2019). This is more complicated
when it comes to designing with reused building
components, as information regarding their avai-
lability, location and characteristics is not always
available (Kozminska, 2019).

Reuse in the construction industry - challenges

By using secondary building components inste-
ad of primary ones, the environmental impact can
be reduced by two to twelve times (Deweerdt &
Mertens, 2020). In line with this, Anastasiades et
al. (2021) state that building component reuse is
better for the environment than simply recycling
materials. However, the decision which seconda-
ry building components to use is accompanied by
the assessment of a range of technical, aesthetic,
economic and social aspects, which potentially
results in “a longer and more expensive design
and construction process” (Kozminska, 2019, p.
2). In addition to the aspects mentioned above,
designing with secondary building components
has infrastructural, legal, and environmental
challenges (Kozminska, 2019). These challen-
ges or additional requirements also include the
provision of guarantees. While certifications are
traditionally provided by the producer, the use of
secondary building components often requires
designers to obtain the required permits and cer-
tificates (Kozminska, 2019).

Next to the challenges mentioned before, the
stakeholders themselves can also sometimes be
considered a barrier. Hosseini et al. (2015) state
that even though designers need to take the lead
in the transition, the duty and function of other
stakeholders (builders, demolition-subcontrac-
tors, and policy makers) must be revised as well.
Here, it should be added that designers, clients,
and subcontractors are the most critical players
who are not aware enough of the importance of
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CE (Adams et al., 2017, as cited by Anastasia-
des et al., 2021). Kozminska (2019) emphasizes
a need for early collaboration of stakeholders in
the concept development stage of a design pro-
cess. This facilitates an understanding of both
design priorities and decisions that are made
along the way. Nevertheless, awareness is not an
assurance that secondary materials will be used
in new construction projects. The mindset of pro-
fessionals working in the construction industry
and especially the one of architects can be con-
sidered a barrier to including secondary building
components in new design since they consider
reusing materials in terms of time, cost, quality
as a risk to a successful project (Kernan, 2002 &
Sassi, 2004, as cited in Hosseini et al., 2015). In
line with this, Gorgolewski (2020, p. 2) states that
the active integration of secondary building com-
ponents is not only dependent on design choices
and awareness, but also on factors such as ,,avai-
lability, supply chain, ownership, detailing, codes
and standards, acceptability, and availability of
information®.

Especially when it comes to the drivers and bar-
riers of a circular built environment, a focus must
be on the multidisciplinary and complex charac-
teristics of the field. Hart et al. (2019) found that,
besides challenges related to technology or re-
gulations, those connected to culture, finance or
market are more outstanding and hindering in the
transition towards a circular built environment.

Reuse in the construction industry - facilitators

For the direct reuse of building components, it
is important to know what exactly happened to
a building during its use time, including all the

changes that were made to the building to know
the potential impact they had on the building
components (Anastasiades et al., 2021).

Another contributor to easier building component
reuse and adaptability, next to the provision of
detailed information as mentioned above, is “the
standardization of dimensions, components, con-
nections and the compatibility with other construc-
tion systems, both dimensionally and functionally”
(International Organisation for Standardisation,
2020, as cited by Anastasiades et al., 2021, p.
3). This is also supported by Zhang et al. (2022)
who state that building component reuse can be
enhanced through innovation, certification, and
standardization. However, according to Anasta-
siades et al. (2021), designers tend to not design
with standardized sizes due to the availability of a
great variety of sizes and connections. To coun-
teract this, they suggest that lengths, heights,
and connections of building components should
be standardized, while still making sure that ar-
chitects have enough freedom in their designs.

A possible design approach is, for example, De-
sign for Disassembly. As the name suggests,
building components are not fixed permanently,
but can be disassembled when needed due to
the use of reversible connections. Due to the pos-
sibility to disassemble building components, indi-
vidual components can be replaced easier when
they reach the end of their life-cycle. Additional-
ly, it allows dismantling once a building reaches
its end-of-life phase and the dismantled building
components can be directly reused in another
project (Anastasiades et al., 2021).
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3. THEORETICAL FRAMEWORK

The Theoretical framework chapter describes the theory that was used to explore the problem
discussed in the present research. The theory applied is the Social Practice Theory (SPT).
One can therefore say, that SPT is the lens through which the topic is viewed. The structure
of the chapter is designed to help readers to understand the concept of SPT and its potential
to apply it to the (circular) construction industry. First, the fundamental idea of SPT and some
approaches from different scholars are presented. This is to emphasize that SPT does not
have a single definition but can be understood in different ways. After establishing a basic un-
derstanding of SPT, a more detailed description of the approach utilized, and the definition of a
practice used in this study follows. A special focus is also placed on the understanding of bund-
les of practices and the systems of practices, as this is fundamental to the present research.

3.1. Introduction to Social Practice

Theory

To investigate the system of circular material
hubs in the Netherlands, the concept of SPT is
applied. In SPT, the focus lies on practices inste-
ad of individual persons (Svennevik et al., 2021).
,10 understand practice theory, it is important to
realise that it represents a particular way of un-
derstanding society: a way that takes practices
as the fundamental and smallest unit of social
analysis” (Kuijer, 2014, p. 24). Practices can be
seen as tools to comprehend why people act in
a certain way (Smagacz-Poziemska et al. 2021).
The way people act, however, is not determined
by factors such as their attitude, but by the social
practices they are surrounded by and by what
they consider to be ‘normal‘ in their lives (War-
de, 2005 & Shove, 2004, as cited in Hargreaves,
2011). Kuijer (2014, p. 30) states that ,in practice
theory it is awkward to speak about someone’s
practice, (...) no one has ‘complete’ agency or
authority over a practice”. Individuals are therefo-
re just the carriers of practices (Hui et al., 2017).

For this study, SPT was chosen because of its
emphasis on practices instead of human beings.
The study does not deal with individuals and why
they, for example, decide to engage in circular

activities. The focus is rather on practices that
contribute towards more circularity and the rela-
tion between different practices within a bigger
system. The emphasis is not on actions which
are influenced by a person’s attitude, but on
practices which are influenced by what these in-
dividuals perceive as normal. For this research,
the transition towards more circularity shall not
be influenced by personal beliefs or motivations,
as every human being is unique and motives are
different. Therefore, the spotlight is on practices
which support the transition towards more circu-
larity and not on certain individuals who are inte-
rested in it.

SPT application in research

In research, SPT is often applied to end-users.
Practices of this kind are characterized by their
observable features such as “regularity, habitu-
al nature, repetitiveness, recursivity“ (Bourdieu,
1990; Giddens, 1984; T. R. Schatzki, 2002; Reck-
witz, 2002 as cited in Smagacz-Poziemska et al.,
2020, p. 66). These observable features allow us
to understand the implicit aspects of practices.
Everyday practices that meet these criteria and
have already been researched with SPT are for
example cycling (Spotswood et al., 2015), “co-
oking and eating (House, 2019; Twine, 2018),
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using a laundry (Mylan and Southerton (2018),
ballet dancing (Mdller, 2017) or even practices of
parental involvement (Freeman, 2004) or walking
for pleasure with sticks, that is Nordic Walking
(Shove & Pantzar, 2005)” (Smagacz-Poziemska
et al., 2020, p. 66). According to Schatzki (2016),
a focus on practices like the ones mentioned are
also cause for criticism of practice theories. Prac-
tice theories are criticized for being well appli-
cable to “local or small phenomena such as co-
oking, Nordic walking, and professional practices
but badly to large social matters such as markets,
international federations, the military-industrial
complex, and the Catholic Church” (Schatzki,
2016, para. 5). By implication, this criticism would
suggest that SPT can only be applied to a limited
extent, and only to those phenomena that are lo-
cal or small. The present study, however, does
not look at practices performed by a specific
group of end-users or everyday practices which
are performed solely in a local context. Rather, it
looks at a bigger picture of practices which are
performed within the construction industry, speci-
fically within the system of circular material hubs.
Therefore, it does not support the view that SPT is
only applicable to local or small phenomena. The
reasons for this view and the understanding of a
system of practices, i.e. the application of SPT to
a larger phenomenon, are explained in chapter
3.7. Due to the focus of this study on the system
of circular material hubs in the Netherlands, the
context for this specific study can be understood
as local. Here, it is argued that the local con-
text can be attributed to the exploratory nature
of the research. What has been explained above
is one of the main differentiators to many other
studies performed under the application of SPT.
Nevertheless, SPT has already been applied to
urban studies and studies regarding the cons-
truction industry, e.g. by Smagacz-Poziemska et
al., (2020), Gherardi et al. (1998), and Lowstedt
(2015).

3.2. Different
practices

understandings of

As described above, this study explores practi-
ces which are performed within the system of cir-
cular material hubs. To describe these practices,
it is necessary to dive deeper into SPT and un-
derstand which approaches there are and what a
practice can be.

Schatzki (Cetina et al., 2005) states that there is
no uniform guide for practices, which can parti-
ally be explained by the fact that the concept of
practices is used in various fields such as philoso-

phy, history, sociology, science, and technology.
Since SPT is applied in many areas of research
and life, and, as mentioned before, is also appli-
cable to larger phenomena, it is also suitable for
research concerning the transition towards a cir-
cular construction industry. The lack of a unified
definition leads to different approaches within
SPT and different practitioners advocate for diffe-
rent approaches. To give some examples: While
some practitioners emphasis elements (e.g. Sho-
ve or Reckwitz), others focus on the relationships
between elements (e.g. Schatzki or Warde) or the
role of practices in linking individuals and socio-
technical systems (e.g. Spaargaren or Van Vliet)
(Hargreaves, 2011). At this point it must be noted
that there are many different approaches to SPT
apart from the three mentioned above. Naming a
few of these approaches is intended to show how
diverse SPT is. There is not one single approach
to SPT, hence the right approach is the one that
fits the individual study best.

Similarly to the various approaches in SPT, diffe-
rent scholars define elements of a practice dif-
ferently. Four different definitions are provided
here: (1) For Reckwitz, elements of practices are
defined as bodily and mental activities, objects
or materials and shared competences, know-
ledge and skills; (2) Shove divides them in three
categories, namely material, meanings and com-
petences; (3) Warde argues for understandings,
procedures and engagement; (4) Schatzki links
elements of a practice though practical unders-
tanding, rules, teleoaffective structure, general
understanding and social memories (Hui et al.,
2017).

3.3. The approach of Shove et al. (2012)

For the present study, the theoretical approach
proposed by Shove et al. (2012) is utilized as its
approach to defining practices and the interplay
between different practices fits this research. Ad-
ditionally, materials as defined in this approach
play an important role in the topic studied in
this research. Therefore, it appeared suitable to
choose this approach. Moreover, the approach
of Shove et al. is the most frequently cited one
in SPT (Higginson et al., 2015), which allows fin-
ding inspiration by and parallels or differences to
topics which were already explored through this
SPT approach. This approach is subsequently
used to develop the definition of a practice in this
study.

Meanings, materials, and competences

Shove et al. (2012) propose that a practice is de-
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Competences

Meaning Material

Figure 3.1 Model of a practice. Adapted from Shove
etal., 2012, p. 14.

fined through the interdependency between the
elements materials, meanings and competences.
The division of a practice into these three ele-
ments is shown in Figure 3.1. To understand what
these elements represent, Shove et al. (2012, p.
14) provide the following explanation:

techno-
entities, and

e materials - including
logies, tangible  physical
the stuff of which objects are made;
e competences - which encompass
skill, know-how and technique; and
e meanings - in which we include symbolic mea-
nings, ideas, and aspirations.”

things,

The understanding of the three above explained
elements in this study is almost identical to the
definition provided by Shove et al. (2012). Ho-
wever, to give the reader a better understanding
of what each element refers to in the context of
this study, they will be connected to the exam-
ple of an architectural practice in the context of
a circular construction industry (circular design
practice). This research interprets material as
something that can either be touched physically
or that is needed to perform a certain task. This
could include having access to material hubs, se-
condary building components, material banks or
material passports as well as knowing which ma-
terials are available. Competence encompasses
the skills, knowledge, experience etc. that are
needed to perform a practice. The competences
in an architectural practice could be knowing
how to design with reused materials and what to
pay attention to when designing with secondary
building components instead of new ones. The
term meaning covers why certain practices are
performed, including the meaning behind it and
the reasoning for it. Meaning could therefore be

reducing the resource consumption of the cons-
truction industry and contributing towards a more
circular construction industry.

The definitions provided above form the basis for
understanding practices under the application of
the approach of Shove et al. (2012).

Changing elements over time

Shove et al. (2012) propose that a change in one
of the elements would lead to the following two
possibilities: ,one is that relevant elements exist
but without being linked (proto-practice); the se-
cond is that practices disintegrate when links are
no longer sustained”. On the one hand, elements
are interdependent and on the other hand, they
also shape each other. Sometimes, elements can
link practices. If this is the case, a change in one
of the practices also influences the other one
(Shove et al., 2012). Additionally, some practices
rely on the reproduction of others (Shove et al.,
2012). Applying this to the acquisition of secon-
dary building components by employees in cir-
cular material hubs could mean that they rely on
construction workers and demolition companies
to dismantle buildings in such a way that mate-
rials are not damaged but can be harvested and
prepared for reuse.

In this context it is important to mention that Shove
et al. (2012, p. 21) state ,that practices emerge,
persist and disappear as links between their defi-
ning elements are made and broken®. This high-
lights the role of connections or links between ele-
ments. Additionally, it is important to remark that
elements do not strictly have one fixed place, but
they can change their position within one practice
or move between different practices (Shove et al.,
2012). This change of elements over time can be
seen in Figure 3.2, where the shift in position is
visualized.

3.4. Understanding of practices in this
research

For this research, the theoretical approach pro-
posed by Shove et al. (2012) is utilized to defi-
ne a practice. However, defining a practice is
not done by defining solely it's elements, name-
ly materials, meanings, and competences, as it
is not clear yet where a practice starts, ends, or
changes. This part of the Theoretical framework
chapter therefore provides a description of how
the present study understands a practice.

The practices that will be defined during this re-
search have one thing in common: they can be
connected to the transition towards a circular
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Figure 3.2 The change of elements of a practice over time. Adapted from Shove et al, 2012, p. 33.

economy and aim at the reuse of building com-
ponents. Therefore, the practices which this re-
search wants to detect facilitate the use secon-
dary building components in one way or another.
This does not mean that a practice must directly
result in a higher reuse of building components,
but that the practice through its connection to ot-
her practices leads to an increase of secondary
building component use in construction projects.

Although people ,do not have practices” (Kuijer,
2014, p. 30), but only perform them, the question
is still which practices are performed by practitio-
ners active within the system of circular material
hubs, e.g. by circular material hub employees
or architects. Therefore, even though this study
talks about practices performed in circular mate-
rial hubs, by architects, by material scouts, etc.,
this does not mean that only these groups can
perform the respective practices. The reason for
this wording is to avoid misunderstandings and
specify who performed a certain practice within
the studied context.

Changing practices

In the process of defining what a practice is, the
question arose whether a change in one, two or
all three elements leads to change of an entire
practice. Arguing that a new practice emerges as
soon as one element changes or when at least
two of the elements change may sound applica-
ble at first. However, applying this to some test
scenarios shows that a change of a practice can-
not be detected that easily. Even when all ele-
ments change, the outcome can still be the same
and the practice itself, based on its understan-
ding in this research, does not have to change.
In this context, one must differ between practices
which are similar but still different, and varieties
of the same practice (Kuijer, 2014, p. 62). This
will be explained using the example of designing
a floorplan for a building which uses secondary

building components. To discuss this practice, it
is assumed that the architect must visualize the
floor plan to be able to present it to the client.
Furthermore, the architect needs to know how
to visualize building components which are ty-
pically part of a floor plan, e.g. walls, windows,
doors, or furniture. Finally, the role of circularity
must be considered as well. Why a change in
all three elements does not necessarily lead to a
new practice, but just to a different performance,
is visualized in Figure 3.3. At this point, it must be
emphasized that the assumption that a change
in elements does not necessarily lead to a new
practice applies only to the present study and is
no more than one possible interpretation and ap-
plication of SPT.

CAAD
program
functionalities,

CAAD
program
\\> floor Ian forabundln J
design dto mclude reused

erials

drawing
by han

using less

company
resources

policy

Figure 3.3 Output of a change in elements, which
does not lead to a different practice. Visualized by
the author.

Variation A:

e Materials: Pen, paper, and a ruler are utilized to
draw a floor plan.

e Meanings: Reused building components are
incorporated to decrease resource consumption
and contribute to combatting climate change.

e Competences: Knowledge on how to design a
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floor plan for a design which incorporates secon-
dary building components; Knowledge on how to
draw a floor plan by hand.

Variation B:

e Materials: A CAAD program is used to visualize
the floor plan.

e Meanings: Reused building components are
incorporated to fulfill the company policy which
expects employees to decrease the amount of
primary raw materials.

e Competences: Knowledge on how to design
a floor plan for a design which incorporates se-
condary building components; Knowledge on the
handling of a CAAD program.

Materials, meanings, and competences are dif-
ferent in Variation A and Variation B. The out-
come, however, is the same. This is to illustrate
why changing the elements for this work does
not result in a new practice. The focus here is on
whether changing the elements affects the result.
Since the result in the example given is the repre-
sentation of a floorplan for a building designed to
include secondary building components, despite
different materials, meanings, and competences,
it is not assumed here that it is a different prac-
tice. It can be argued that both performed a va-
riety of the same practice, namely the practice
of designing a floor plan. It does not make a dif-
ference whether the floor plan is drawn by hand
or with-a CAAD program and what the meaning
behind using secondary building components
is. Even though all three elements changed, the
practice itself is still the same and both Variation
A and Variation B are just variations or different
performances of the same practice, i.e. different
practice-as-performance. In the end, both perfor-
mances (practice-as-performance) belong to the
same circular design practice (practice-as-ent-
ity). Therefore, it can be concluded that a change
in one of the elements does not automatically
lead to a new practice. Additionally, as this study
focuses more on practices-as-entities rather than
practices-as-performance, defining practices
based on a change in elements and therefore
performances does not match the research fo-
cus and does not provide the insights this study
aims at. Different practices-as-performance can
have different elements while still belonging to
the same practice-as-entity (see explanation ab-
ove and Figure 3.5). Watson (2012) argues that
practices can change through a change in ele-
ments, a change of the carriers, or how practi-
ces are bundled together. For the purpose of this
research, practices change if their outcome or

result is fundamentally different. This research re-
cognizes that this definition can be too loose in
certain cases, which means that it is sometimes
necessary to decide on a case-by-case basis,
depending on the given context, whether it is a
different practice. However, as this research fo-
cuses on the bigger picture of practices perfor-
med within the system of circular material hubs,
defining practices according to the end result
they lead to fits the purpose.

3.5.

As mentioned in chapter 3.3., elements are inter-
dependent and have the potential to link different
practices. The question how practices can be lin-
ked is especially interesting for the present study
since it focuses on different practices performed
by different practitioners within one system.

Practice bundles and complexes

When talking about the interdependency of ele-
ments and practices, Shove et al. (2012) introdu-
ce bundles and complexes into the discussion.
These terms are defined by Shove et al. (2012,
81) as followed: ,Bundles are loose-knit pat-
terns based on the colocation and co-existence
of practices. Complexes represent stickier and
more integrated combinations, some so den-
se that they constitute new entities in their own
right.“ From this, it can be concluded that, firstly,
practices which depend on each other form com-
plexes and secondly, bundles can evolve into
complexes. This means that multiple practices
can be linked to create bundles or complexes.
Therefore, a multitude of practices can be found
within bundles or complexes.

An interesting aspect of studying practice bund-
les is that they can be extended out in time, both
spatially and temporally, while their extension
can be explored by switching between close and
increasingly distant views (Lamers et al., 2016).
Within SPT, there are different approaches and
concepts to refer to practice-arrangement bund-
les (e.g. “pairs, chains, nexuses, compounds,
complexes, circuits, constellations, networks or
configurations of social practices” (Lamers et
al., 2016, p. 234), depending on the individual
scholars’ understanding of connections between
practices.

While elements from different practices can be in-
terlinked (Shove et al., 2012), practices can also
reinforce each other (Smagacz-Poziemska et al.,
2021). This implies that practices performed wit-
hin the system of circular material hubs, i.e. di-
rectly in circular material hubs or by practitioners
whose practice can be linked to circular mate-
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Figure 3.4 Relationships between practices which are interesting for this study. Practices are linked because
they share one element (l.), influence each other (Il.) or due to a combination of both (Il1.). Visualized by the

author.

rial hubs might amplify or at least influence each
other. So far, however, no further research has
been carried out into what the system of circular
material hubs consists of and how the practices
performed within it relate, which effect they have
on each other and whether they reinforce each
other.

Figure 3.4. visualizes the scenarios interesting for
the present study.

|. Practices are linked by sharing one element.
This, potentially, could also be extended to sha-
ring two elements, which means that two different
practices that only differ from each other in one
element.

[I. Practices are linked because they influence
each other, for example because they are depen-
dent on each other.

lIl. A constellation of practices which includes
[. and Il. In this scenario, multiple practices are
linked because some share the same element,
while others are dependent on them. This sce-
nario, additionally, also includes practices which
are not directly interesting for the study because
they are not related to circularity, but somehow
still influence some of the practices studied (the-
se ones are represented in light blue).

3.6. Practice-as-entity and practice-as-
performance

When talking about practices, one can differ
between practice-as-entity and practice-as-per-
formance. Practice-as-entity understands ,the
practices as a structured organization (...) [which
relies on] (...) repeated performances to remain
alive® (Kuijer, 2014, p. 28). This means that the-
se practices are performed in a certain way. In
comparison, practice-as-performance describes
practices whose performance always differs a litt-
le bit (Kuijer, 2014). Practice-as-entity and practi-
ce-as-performance can be related and somewhat

need each other. Kuijer (2014) states that entity
provides a leading framework for performance
and orders it, while it also emerges from the same
performance. Ordering performances, however,
does not imply that differences are not possib-
le, as performances can vary within the leading
framework. ,A dialectical relationship exists bet-
ween entities and performances because, whilst
practices as entities may guide performances, it
is through these performances that entities are
(re)produced and either stabilised or changed®
(Higginson et al., 2015, p. 953). Multiple different
practice-as-performance lead to a practice-as-
entity, which can be understood as the idealized
version of a practice. Practice-as-entity ,exist
over time and space, even if they are not current-
ly enacted” (Higginson et al., 2015, p.956), while
practice-as-performance are particular for each
point in time. Figure 3.5 visualizes the concept
of practice-as-entity (on the left) versus practice-
as-performance (in the middle and on the right).
The two practice-as-performance differ in their
elements (dots) and connections (lines). The
configuration of elements differs, represented
by different configurations of dots and dot sizes,
and links are varying in strength or importance,
indicated by different line widths. The figure also
shows that the practice-as-entity is formed by
combining the two practice-as-performance.

The question arises whether practice-as-entity
or practice-as-performance is more important for
this research. According to Spurling et al. (2013,
p. 8), focusing on practices-as-entity helps to
avoid that the focus in social change is placed
too much on individual behavior, as “individual
behaviours are, primarily, performances of so-
cial practices”. This study is mainly interested in
practice-as-entities. Practices which are already
performed but potentially not yet fully established
in the construction industry and the connections
between those practices that need to be further
developed to meet the future needs of the in-
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Figure 3.5 Practices-as-entities (I.) and practices-as-performance (Il. and Ill.). Adapted from Higginson et al.,

2015, p. 954, based on Kuijer, 2014, p. 53.

dustry are expected to be detected by focusing
on practices-as-entities. However, the “context
specificity, adaptability and variety” (Higginson
et al., 2015, 953) of practices-as-performance is
important as well.

Looking at practices more from a distance (prac-
tices-as-entities), i.e. zoomed out, rather than clo-
se up (practice-as-performance), i.e. zoomed in,
allows to understand the relationships between
practices performed within the context of circular
material hubs (Higginson et al., 2015). Therefo-
re, a combination of zooming out and in will be
applied. By zooming out, it allows to understand
the connections between different practices and
their allocation within one system. By zooming in,
different practices, whose performances are con-
sidered essential for understanding the system,
can be better understood.

3.7.

As already indicated, this study is not only in-
terested in one single practice-as-entity and its
configuration though different practices-as-per-
formance. The study focus is rather on a multitude
of practices that are performed within a system of
practices that are connected to each other. To
understand this, it is necessary to explain what a
system of practices is and why it is important for
this research.

System of practices

As mentioned before, the focus in SPT is on the
practice that are performed by a carrier rather
than the carrier itself. This leads to the unders-
tanding that, whenever someone does somet-
hing, it is a performance of a practice (Watson,
2012). According to Watson (2012, p. 488), it is
“this understanding which gives the link between
changes in what people do and the rest of any
socio-technical system”. This can be explained
by the view that practices are to some extent for-

med by the socio-technical systems in which they
are embedded, while their performance also con-
tributes to its constitution and sustenance (Wat-
son, 2012). If practices are part of the constitution
and sustenance of a system, this in turn implies
that a system changes if the practices it contains
change, keeping in mind that practices are trans-
formed by their performances (Watson, 2012).
Watson (2012, p. 493) states:

,1he concept of systems of practice aims to
capture, simultaneously, how far practices are
embedded in systemic relations constituted first
by relations with other practices; and second
also through the systemic elements — including
infrastructures, technologies, rules, norms and
meanings — which those practices constitute
and sustain.”

Regarding the idea that systems can change
through changes of practices, Watson (2012) fur-
ther elaborates that these changes can happen
at any level. In an article about the transition to a
decarbonized transport system, Watson provides
an example where the impact of peak oil, which
can be understood as a change on the landsca-
pe level, can lead to a change in attitude towards
cycling. To provide a hypothetical example which
translates the example by Watson to the context
of the construction industry and the transition to-
wards a circular construction industry, it could
be that the depletion of river sand reserves (e.g.
Jiang et al., 2022) and the resulting impact on the
concrete production could lead to alternative pro-
duction methods and potentially greater building
component reuse. This example and the idea that
an entire system can change due to changing
practices is interesting for this study as a tran-
sition towards more building component reuse,
especially as part of a transition towards a circu-
lar construction industry, is needed. Understan-
ding how systems are constituted and the links
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with the system can help to find potential areas
for positive intervention (Watson, 2012).

In this study, the system of circular material hubs
is not limited to the circular material hub as a lo-
cation itself. Rather, it is seen as a connection
or a series of connections of practices that are
performed within the system. This means that,
to study the system of circular material hubs, it
is not enough to focus on those practices that
are performed at the circular material hub loca-
tion. Much more important is to research which
practices are performed in the system and how
these are connected to each other, so that it can
be determined where, for example, intervention
could be made to facilitate a transition towards a
circular construction industry. Important for this
understanding is also a more zoomed out view
on practices to understand the bundles which are
formed by the practices within the system.

Due to the contextualization of this research in a
transition towards a circular construction indus-
try, it is important to talk about the impact of poli-
cy on system change. Rip (2006, as cited by Wat-
son, 2012) state that policy is part of the system

rather than a factor outside of this system which
determines how it is developing. Instead, past in-
terventions form the basis for what is needed for
current interventions of policy.

3.8.

To conclude, it can be said that one of the most
important notions of this chapter is that this study
focuses on the system of practices, i.e. the zoo-
med-out totality of practices rather than a single
practice. The system itself can be understood as
a connection or series of connections of practi-
ces. The practices that are performed within the
system constitute the system. This, in turn, means
that a change in system is initiated by a change
of the practices it is constituted by. Due to the
understanding that the system is constituted by a
multitude of practices and their connections, the
focus of this study is on a variety of practices-as-
entities rather than one single practice-as-entity
and the practices-as-performance it is constitu-
ted by. However, where necessary, practices-as-
performance will be studied as well.

Conclusion
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4. RESEARCH METHODOLOGY

The Research methodology chapter introduces the methods applied in the present research
and the research design. To address the main research question, four sub-questions were
formulated. The sub-questions were framed in such a way that they contribute towards answe-
ring the main research question and provide information relevant to the research. The system
of circular material has not yet been researched in detail yet. Hence an exploratory research
approach was chosen to gain fundamental knowledge on this topic and understand its import-
ance in the transition towards more material reuse in the construction industry. The data was
gathered through literature review and fourteen semi-structured interviews with participants
who are familiar with the topic of circularity in the construction industry, either because they
work in a circular material hub, architectural office, deconstruction company or as a resear-
cher. This enabled them to provide relevant information on building component reuse in the
Dutch construction industry with a focus on practices performed in circular material hubs as
well as design and scouting practices. The names of the interview partners and companies
were anonymized to protect the information shared from being traced back to the participants.
Instead, descriptive pseudonyms are used to give the reader a better understanding of the
interviewee. In the first part of this chapter, the data collection method is described. This in-
cludes a description semi-structured interviews, participants, and criteria for the selection of
circular material hubs. Afterwards, the data analysis is described. This includes information on
the transcription and coding of the interviews as well as the identification of the main themes
that emerged from the interviews and how they are prepared for the presentation of the results
that follows in the next chapter.

cludes (1) where circular material hubs receive
secondary building components from; (2) how

4.1. Data collection

During this research, data was collected through:
(1) text analysis of secondary data, policy docu-
ments, EU regulations, architectural project de-
scriptions, academic articles, research papers
and theses; (2) semi-structured interviews with
practitioners active in the construction industry;
and (3) semi-structured interviews with experts.
These resources together helped to gather infor-
mation about the system of circular material hubs
and the practices performed within it. This inclu-
des:

l. practices performed in circular material
hubs which aim at reintroducing secondary buil-
ding components into the material cycle. This in-

they process secondary building components
directly at the circular material hub location; (3)
whether there are different processing practices
performed within the same hub and what they de-
pend on; (4) to whom circular material hubs sell
secondary building components; (5) where they
sell them, e.g. online or offline, shop or market-
place (hereinafter referred to as communication
channel); (6) how the target group affects the
choice of communication channel, and (7) how
the target groups affects the building compo-
nents they handle.

Il. practices performed in circular material
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hubs which directly influence the material reuse
amongst architects. Here, the focus was speci-
fically on practices and activities which facilitate
the reuse possibilities for practitioners performing
a circular design practice, i.e. how easy it is to
include secondary building components in a cir-
cular design practice. This includes (1) whether
there even is a connection between architects
and circular material hub providers, (2) who takes
over the scouting of secondary building compo-
nents, (3) where the scouting of secondary buil-
ding components takes place, (4) the view of
architects on circular material hubs, (5) the com-
munication between architects and circular ma-
terial hubs, (6) what architects wish they would
receive from circular material hubs, especially in
terms of information, and (7) what circular mate-
rial hubs need from architects to be able to facili-
tate their wishes.

[l. practices performed by architects which
are directly related material reuse. This includes
(1) skills that are needed to design with reused
materials, (2) where architects scout secondary
building components, (3) how they are suppor-
ted in using secondary building components, (4)
what challenges they face when designing with
secondary building components.

V. opportunities, challenges, and potential
future developments of circular material hubs.

4.1.1. Interviews

According to DiCicco-Bloom and Crabtree (2006,
as cited in Kallio et al., 2016) semi-structured in-
terviews are the most applied interview method
when conducting qualitative research. They are
characterized by being “versatile and flexible”
(Kallio et al., 2016, p. 2955), which can be attri-
buted to the fact that they allow the interviewer
to prepare questions beforehand, while leaving
open the possibility of asking other questions
that come up during the interview. By providing
a structure which can be followed during each in-
terview, they additionally prevent the interviewer
from forgetting to ask important questions during
the interview. Semi-structured interviews were
chosen for multiple reasons. First, preparing a set
of questions provides a guideline which can be
followed throughout all interviews. Second, they
allow the interviewer to ask questions which were
not prepared beforehand as a response to what
the interviewee said. Third, interviewees can ex-
press themselves and reply in the way they want
(Hardon et al. 2004, Rubin & Rubin 2005, Polit
& Beck 2010, Robert Wood Johnson Foundation,

2008, as cited in Kallio et al., 2016).

Smagacz-Poziemska et al. (2021, p. 70) state
,that conducting an interview in terms of social
practices requires a special skill: authentic won-
derment that gives the obvious and the ordinary
the status of unobvious, interesting and important
matters®. This shows that conducting interviews
with the aim to get to know more about peoples’
practices requires the interviewer to be intentio-
nal about their questioning style. Therefore, parti-
cular attention was paid to the way the questions
were asked. The aim was to precisely understand
the practices performed by the interviewees. This
was achieved by conducting detailed interviews
about the practices performed by the interview
partners. It was important that the interviewees
described exactly how they perform a practice
and why they perform them in exactly this way.
After each interview, the interviewer had to have
an accurate picture of how the practices are per-
formed, even without being present during the
performance of the practices themselves.

Participants

For this research, fourteen interviews were con-
ducted. Table 4.1 presents an overview of all
interviews, including a description of the organi-
zation as well as the function of the interviewee.
The interviews are split into practitioners’ inter-
views and expert interviews. While practitioner
interviews aimed at identifying practices perfor-
med by the interviewees, expert interviews were
conducted to validate the information gathered
through literature review and practitioner inter-
views.

Practitioner interviews

Eleven interviews were conducted with practitio-
ners working in the construction industry, six of
them with five different representatives of four dif-
ferent circular material hubs, four with architects
from different architectural offices and one with
a representative of Insert. The practitioner inter-
views served to gain a thorough understanding of
the practices performed within the system of cir-
cular material hubs. Therefore, the interviewees
were chosen according to their field of work and
experience.

Expert interviews

Additionally, three interviews were conducted
with experts on the topic of a circular construction
industry. One specialized in construction logistics
and (circular) material hubs, the second specia-
lized in the circular construction industry, circu-
lar material hubs, and designing with secondary
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building components, and the third specialized in
the circular construction industry, designing with
secondary building components, and the circular
economy. The purpose of these expert interviews
was to (1) validate the information collected du-
ring the interviews with practitioners and (2) gain
additional knowledge regarding circular material
hubs and the transition towards a circular cons-
truction industry. The interviews with practitioners

revealed opportunities, challenges, and potential
future developments, as they are perceived by
the practitioners. The expert interviews served to
validate and complete this information. As some
of the experts work in research institutions, it was
therefore also examined how the results found
through practitioner interviews correspond to the
findings of research.

Overview of conducted interviews

Pseudonym interviewee

Description of the organization

Function within the organization

The rejuvenating hub
[inteviewed twice]

A circular material hub that uses
many of its harvested elements to
produce new furniture.

Circular material hub manager

The B2B hub

A circular material hub that uses
many of its harvested elements to
produce new furniture.

Circular material hub manager

The all-rounder hub 1

A circular material hub that offers
a variety of services at its location,
from storage over processing to
advising.

Circular material hub manager

The all-rounder hub 2

A circular material hub that offers
a variety of services at its location,
from storage over processing to
advising.

Circular material hub manager

The all-rounder hub 2

A circular material hub that offers
a variety of services at its location,
from storage over processing to
advising.

Director recycling department

The ambitious hub

A circular material hub that aims at

connecting all parties in the circular
chain to improve the deconstruction
process.

Circular material hub manager

The aware architect

An architectural firm that pays
particular attention in its work to the
fact that people only live on earth
temporarily.

Architect

The thoughtful architect

An architectural firm that beliefs that
a sustainable design must take both
environment as well as humans and
their comfort into account.

Architect

The visionary architect

An architectural firm that does not
shy away from unconventional
application scenarios when desig-
ning with secondary materials or
elements.

Architect

The pioneering architect

An architectural firm that has can be
seen as a pioneering office when it
comes to sustainable and circular
design.

Architect

The circular economy expert
[conducted in German]

An architect and pioneer in circu-
lar thinking who focuses on what
is needed in the future and thinks
beyond the construction sector.

Architect and circular economy expert
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Overview of conducted interviews

Pseudonym interviewee

Description of the organization

Function within the organization

The circular architecture
expert
truction sector.

An architect who creates future
oriented alternatives for the cons-

Architect and circular construction
industry expert

The circular logistics expert

circular material hubs.

An expert in construction logistics
who studies material hubs as well as

Researcher

Insert [no synonym]

industry.

A foundation which offers both an
online market place for secondary
materials and elements as well as
other services connected to the tran-
sition towards a circular construction

Manager of Insert

Table 4.1 Overview of criteria for the selection of circular material hubs.

Interview guide

The interviews centered on practices which are
performed within the system of circular material
hubs, including practices performed in circular
material hubs or those related to them, as well
as circular design practices performed by ar-
chitects. The common characteristic is that they
are related to material reuse in the construction
industry. To achieve the best possible outcome
and collect trustworthy and valuable information,
a semi-structured interview guide was developed
according to the five steps presented by Kallio
et al. (2016, p. 2953): ,(1) identifying the prere-
quisites for using semi-structured interviews; (2)
retrieving and using previous knowledge; (3)
formulating the preliminary semi-structured inter-
view guide; (4) pilot testing the interview guide;
and (5) presenting the complete semistructured
interview guide.”

The interview guide consisted out of a list of open-
ended questions which were slightly adapted to
each interviewee and their field of expertise and
work. The set of questions was divided into those
regarding the main topic, which aim at collecting
information regarding the primary research sub-
ject, and follow-up questions, which are intended
to provide the interviewer with an even greater
knowledge on the topic researched (Kallio et al.,
2016; Turner, 2010, as cited in Kallio et al., 2016).
The primary research subject was to identify
practices performed in circular material hubs and
by architects. In addition to identifying practices
which are performed within the system of circular
material hubs, the interviews also aimed at iden-
tifying opportunities, challenges and potential fu-
ture developments of circular material hubs and
building component reuse in the construction in-

dustry. These questions were not specifically fo-
cused on practices performed by the interviews,
but on their experiences, opinions, and ideas.
However, as the practitioners were chosen due
to the practice they perform, they are also expec-
ted to influence the opportunities, challenges and
potential future developments communicated by
the interviewees.

The expert interviews did not follow the same
interview guide as the interviews which were con-
ducted with practitioners, as they had a different
purpose and focus. While the interviews conduc-
ted with practitioners aimed at identifying and
understanding the practices performed by them,
the expert interviews were conducted for valida-
tion purpose.

4.1.2. Participant selection

In a first step, circular material hub providers
and architects were contacted. Participants were
found through internet research and the first con-
tact was made by email.

The circular material hubs were chosen accor-
ding to a set of pre-defined criteria (Table 4.2).

Architects were chosen based on their previous
experience in working with reused materials. Ini-
tially, the plan was to choose architects who are
collaborating with one of the circular material
hubs under investigation. However, finding archi-
tects in this way turned out to be more difficult
than originally assumed as the selected circular
material hubs are rarely in direct contact with ar-
chitects. It was therefore decided to select archi-
tects who already perform a circular design prac-
tice and therefore have experience with material
reuse.

RESEARCH METHODOLOGY

28



In addition to practitioners (circular material hub
providers and architects), experts in the field of
circular economy, circular construction industry
and construction logistics were contacted.

For reasons of anonymity, interviewees as well as
the organizations they work at are anonymized.
Instead, pseudonyms are chosen to describe
the interviewees or the organizations they work
for. To avoid confusion, the pseudonyms are de-
scriptive and inspired by the characteristics of
the respective interview partner or organization.
It is assumed that it is easier to connect different
but descriptive pseudonyms and the information
provided by them rather than very similar pseu-
donyms that do not reveal any information about
the individual interview partners or organizations.
Therefore, the chosen pseudonyms are not circu-
lar material hub 1 or circular material hub 2, etc.,
but e.g. The B2B hub or The all-rounder hub.

Criteria for circular material hubs

The circular material hubs were selected based
on previously defined criteria. Table 4.2. provides
an overview of all criteria, including the category
they can be allocated to as well as an explanation
and reasoning behind it. The criteria were defined
according to characteristics of circular material
hubs found in literature review and characteris-
tics which were expected to be important for this
study. To elaborate: Criteria |. and Il. can be attri-
buted to the focus of the research. As this study
explores the system of circular material hubs in
the Netherlands, it was important to only include

those circular material hubs which are located in
the Netherlands rather than abroad (Criteria |.).
As this study deals with the current system of cir-
cular material hubs and not with a hypothetical
future system, it was important that the circular
material hubs investigated are already active rat-
her than in the planning stage (Criteria Il.).

Criteria IV. and V. are based on the different ty-
pes of circular material hubs (circular industry
hub, urban mining hub, circular craft center, lo-
cal material bank) described by Tsui et al. (2023)
(see chapter 3.7). The allocation of a circular
material hub to one of the categories mainly de-
pends on their spatial scale (regional or local),
their main activity (processing or redistributing),
the type of materials they handle (secondary raw
materials, structural elements etc.), who they sell
to (e.g. residents), and where they get their buil-
ding components from (e.g. from construction
projects, residents etc.). This study focuses on
circular material hubs which can be allocated
to the category of urban mining hubs. Therefo-
re, the circular material hubs investigated in this
study must be able to supply secondary building
components for construction projects rather than
small scale projects of residents. Additionally, as
this study also focuses on the connection of cir-
cular material hubs and architects designing with
reused materials, the circular material hubs must
provide secondary building components which
can be categorized as structural elements, non-
structural elements, or interior rather than secon-
dary raw materials.

Overview of criteria for the selection of circular material hubs

Nr. Criteria Category

Explanation

. Located in the Netherlands Location

The circular material hub must be in the Nether-
lands. This criterion ensures that the circumstances
within which the hubs are located are similar and
comparable. It is not necessary that all material
hubs are in the same region.

II. Already active entity Existance

The circular material hub must already be active
and in use. Circular material hubs which are still in
the planning phase but do not operate yet do not
qualify. It is necessary that the practices investiga-
ted are already being performed in circular material
hubs rather than being hypothetical practices which
could potentially be performed.

II. Collection by the circular ma- | Collection

terial hub or external parties

The collection of building components handled in
the circular material hubs can be done by (1) the
circular material hub itself or by (2) external parties

the which collaborate with the circular material hub.
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Overview of criteria for the selection of circular material hubs

Nr. Criteria Category

Explanation

IV. Processing in the circular
material hub

Processing

The processing of building components must take
place at the circular material hub. Circular material
hubs that either (1) collect and distribute building
components, but do not process them themselves
or (2) sell building comments that were not proces-
sed by themselves do not qualify for this study.

V. High quantity of available
materials

Availability

The circular material hub must be able to provide
building components not only for private use but for
commercial use such as new building projects. This
ensures that the circular material hub is big enough
to supply construction projects and not only small
scale, private renovations. This, however, does not
mean that the circular material hub (1) must provide
all materials needed for a single construction project
and (2) cannot supply private individuals.

VL. Provision of ready to use buil- | Provision

ding components

The circular material hub must provide ready to

use building components such as beams, columns,
floors, tiles, toilets etc. Circular material hubs which
are specialized on raw materials or little processed
materials such as different concrete components do
not qualify. This ensures that the circular material
hub provides building components which are inte-
resting and in the decision area of those performing

a harvesting or design practice.

Table 4.2 Overview of conducted interviews, including pseudonyms, organization description and function

within the organization.

By choosing circular material hubs according to
the set of criteria, it was possible to study hubs
that do not operate completely the same way but
are to a certain extent similar and comparable. In
fact, it was even desirable to choose hubs that
were not identical to allow the diversity that exists
within the system to be represented. As the aim of
this research is to explore the system of circular
material hubs in the Netherlands, the focus was
to select circular material hubs that represent
multiple aspects of the system as good as pos-
sible, hence represent a great variety. However,
this does not mean that this research claims to in-
clude all possible forms of circular material hubs
that exist within the system. One reason for this
is that only circular material hubs that process
ready to use building components are included.
Circular material hubs which process seconda-
ry raw materials are not included in the research
(e.g. circular material hubs which handle crushed
concrete).

4.2.

A total of fourteen semi-structured interviews
were conducted.

Data analysis

The interviews were recorded and transcribed

(step 1), coded (step 2), and analyzed (step 3).
Afterwards, the main themes were identified (step
4), which formed the basis to decide on a structu-
re to present the results (step 5). In the following,
a description of each step is provided.

Step 1: Recording and transcription

All interviews were either only audio or audio and
video recorded by using a voice recording smart
phone application or the recording function integ-
rated in MS Teams. Depending on the availability
and location of the interviewee, interviews were
conducted in person or online. For interviews
conducted online via MS Teams, the software’s
own transcription function was used. For inter-
views conducted in person, the audio files were
uploaded to Microsoft Word where the software’s
automated transcription function transcribed the
interviews. Even though both options save time
for the initial transcription, compared to transcri-
bing everything manually, it was still necessary to
listen to all interviews again to correct errors.

As the interview guide consisted exclusively of
open questions, the answers were transcribed
verbatim. This means that the answers were tran-
scribed the way the respondent gave them in-
stead of summarizing them. The transcripts were
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cleaned up and word repetitions or filler words
were deleted to facilitate reading and coding.
Here, particular attention was paid to removing
only repetitions and filler words, but not words or
entire parts of sentences that would change its
meaning.

Step 2: Coding

The information obtained through the interviews
is qualitative and descriptive in nature. “Coding is
the process of labeling and organizing your qua-
litative data to identify different themes and the
relationships between them” (Medelyan, 2024).
This means that coding helps to understand the
previously collected data.

In this research, the interview transcripts were
coded using the computer-aided qualitative data
analysis software ATLAS.ti. The coding itself was
done manually rather than automated by using a
thematic coding approach.

There are different possibilities to develop the
codes that are applied to the data. Deductive
or concept-driven coding, on the one hand, is a
top-down approach characterized by developing
codes before the coding process starts (Delve,
2022; Medelyan, 2024). Inductive or open coding,
on the other hand, is a bottom-up approach whe-
re codes are created from the data (Delve, 2022;
Medelyan, 2024). This allows to create codes
which are less biased and more corresponding
to the collected set of data (Medelyan, 2024).

For this research, a combination of both deduc-
tive and inductive coding was chosen. This all-
owed the researcher to follow a more structured
approach and look for certain information within
the data while also providing the freedom to crea-
te new codes throughout the process. Prior to
starting the coding process, the codebook was
developed based on both theory and research
questions. Within the code book, two different
categories of codes were developed. (1) Codes
which are applied to data that help to identify
practices and (2) codes which are applied to
data that describes opportunities, challenges,
and potential future developments of circular ma-
terial hubs. Within each category, different, more
specific codes were developed. Here, special at-
tention was paid to grouping similar topics under
one code and not using several codes for very
similar topics.

An overview of the codes applied during the data
analysis are provided in Table 4.3.

Example coding

Client

Building component

Material scouting

Material scouting: meaning

Material scouting: material

Material scouting: competence

Circular design

Circular design: meaning

Circular design: material

Circular design: competence

Processing

Processing: material

Processing: meaning

Processing: competence

Communication channel: online

Communication channel: offline

Challenge

Challenge: guarantee

Challenge: regulation

Challenge: uncertainty

Challenge: collaboration

Challenge: costs

Opportunity

Opportunity: regulation

Opportunity: collaboration

Opportunity: information & knowledge

Future development

Table 4.3 Codes used for coding the interviews.

Step 4: Identification of main themes

In a first step, the main themes that occurred
throughout the interviews were identified to pro-
vide a structure that leads the presentation of the
results. This was done in multiple rounds. In a
first round, the broad themes were created from
the recollection of the interviewer. In the second
round, these themes were specified, adapted, or
exchanged by an initial review of the interview
transcripts. In the third round, the themes were
finalized by comparing them to the frequency of
the codes applied to the transcripts and the most
frequently occurring topics. As a major part of
this research focuses on the practices performed
within the system of circular material hubs, the
identified practice-as-entities can be understood
as the main themes. The sub-themes are then
equivalent to the identified practices-as-perfor-
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mance. However, as the research also identified
challenges, opportunities and possible future de-
velopments of circular material hubs, the main
themes also emerged from these findings, even
though they do not represent practices.

Step 5: Presentation of results

Once steps one to four had been completed, a
decision had to be made on how to communi-
cate the results. It was decided that the results
are presented according to the main themes that
emerged in the interviews. This means that the
text was structured according to the (1) identi-
fied practices (first part of the chapter) and (2)
challenges, opportunities, and potential future
developments (second part of the chapter). The
textual representation is supported by the integ-
ration of verbatim responses, i.e. quotes from the
interviews. Quotes from the interviews are used to
support both argumentation and storyline. They
are used where it is considered important to pro-
vide the interviewee's exact wording.

The order in which the practices are presented
is based on the path that a secondary building
component must follow, from the demolished
building to a new owner or project. First, the se-
condary building component must be dismant-
led and taken to a circular material hub. There it
must be processed and prepared for reuse be-
fore it can be sold to a customer. The secondary
building component must then be scoutd by a
customer. In the construction industry, however,
first a design needs to be created in which se-
condary building components are installed. This
is a simplified description of the practices and
steps that a secondary building component must

go through. It just aims at creating a picture of
how the results are structured. A more detailed
description, including possible differences, di-
versions etc., can be found in chapter 5, Results.

4.3. Conclusion

[In this methodology chapter, research methodo-
logy and data analysis are explained. A qualita-
tive exploratory research approach was chosen
to explore the topic of circular material hubs and
provide the basis for future qualitative and quan-
titative research. Semi-structured interviews with
practitioners and experts built the foundation for
data collection. Practitioner interviews followed
an interview guide that was specifically designed
to understand the practices performed by the in-
terviewees and to be able to identify which prac-
tices are performed within the system of circular
material hubs in the Netherlands. The expert in-
terviews followed a set of questions specifically
designed for the respective interviewee, as the
expertise of all experts depended on their field
of work.

Additionally, opportunities, challenges, and po-
tential future developments of the system of cir-
cular material hubs were identified through both
practitioner and expert interviews.

A combination of deductive and inductive coding
allowed to create new codes during the coding
process next to the codes that were pre-defined
before the coding started. This allowed more fle-
xibility when the codes already available turned
out to be unsuitable.
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5. RESULTS

In this chapter, the results of the qualitative, exploratory research on the system of circular
material hubs in the Netherlands are presented. At the beginning of each sub-chapter, a short
summary of the main finding is provided. Following this summary, an in-depth description of
the results is given. At the end of the chapter, a summary of all results will be provided. The
first part of the chapter (5.1) is structured around the five main practices discovered during the
data collection, namely acquisition practice (5.1.1), processing practice (5.1.2), sales practice
(5.1.3), circular design practice (5.1.4), and building component scouting practice (5.1.5). It is
shown what the system of circular material hubs in the Netherlands looks like and which prac-
tices performed within this system facilitate material reuse in the Dutch construction industry.
The first part of the chapter ends with a conclusion on the practices identified during the study,
with a special focus on the practices-as-performance. The second part of the chapter (5.2) fo-
cuses on challenges (5.2.1), opportunities (5.2.2), and possible future developments (5.2.3) as
communicated by the interviewees are presented. The chapter ends with a conclusion which

summarizes the findings.

5.1.

Hereinafter, the practice bundles identified du-
ring this research are presented. Each practice
bundle consists of different practices-as-entities.

Practices bundles

5.1.1. Practice bundle |: acquisition practices

The interviews showed that all circular material
hubs under investigation acquire their seconda-
ry building components in a similar way, either
from the demolition department within the same
company or from an external party. To acquire
materials, different practices are performed. All
these practices are part of practice bundle | — ac-
quisition bundle. While some of the practices are
performed in a certain sequence or temporal or-
der, others are optional or do not need a temporal
order. The acquisition bundle contains multiple
practices that potentially influence each other or
are influenced by practices from another bund-
les. Part of the acquisition bundle are practices
which help to get an overview of what is beco-
ming available during a deconstruction process

or which materials and elements can potential-
ly be acquired from an external party, calculate
their value, and decide whether they match with
the circular material hub’s offer. In some cases,
clients are sought even before the materials or
elements have been dismantled. Building com-
ponents that are accepted must correspond to
the circular material hub‘s general range and be
of interest to customers so that they can be sold
quickly and in most cases be old, as old wood is
for example more popular than new wood.

All four circular material hubs included in the
study are part of a larger company that also has
a demolition department. This direct connection
to a demolition department also influences whe-
re the circular material hubs source their building
components from. All representatives stated that
they receive building components from the com-
pany they are part of. Those building components
come either from a deconstruction or construction
site. The former if the demolition department was
commissioned with the deconstruction of a buil-
ding. The latter if a new building was completed
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and the demolition department was responsible
for the deconstruction of the building that previ-
ously stood on the site. One major difference, for
example, is that secondary building components
acquired from deconstruction projects have at
least one life cycle behind them, while those ac-
quired from new construction projects have not
yet been used. Whether and to what extent this
has an impact on other practices in this bund-
le was outside of the scope of this study. There
were differences as to whether the connected
demolition department is the only source of sup-
ply. Only one out of the four circular material hubs
sources its supply exclusively from its own opera-
tions, i.e. from the connected demoalition depart-
ment. The other three circular material hubs also
receive and accept building components from
external parties. In this case it has been shown
that the circular material hubs are contacted by
the external parties when they have suitable buil-
ding components and not the other way around.

Within the acquisition bundle, different practices-
as-entities were found. These are creation of an
inventory list (hereinafter referred to as inventory
practice), calculation of building component va-
lue (hereinafter referred to as value calculation
practice), price calculation for the deconstruction
of a building (hereinafter referred to as price cal-
culation practice) and deciding whether building
components match the circular material hub’s
offer and are accepted or declined (hereinafter
referred to as accepting/declining practice). The-
se practices partly influence each other and are
also partly influenced by practices that are not
part of the acquisition bundle. In the following, all
practices including their influential potential will
be described.

At this point, it must be mentioned that there are
other practices which also must or can be perfor-
med before building components can be proces-
sed at the circular material hub. Examples are the
actual deconstruction or the transportation from
the deconstruction site to the circular material
hub location. These practices can be attributed
to a bundle of practices that has not been within
the scope of this study. As this research focuses
on the system of circular material hubs within the
Netherlands, the focus is on practices or bundles
which potentially influence the entire system in-
stead of just one step within the path of building
components, from dismantling to re-introduction
into the material cycle.

51.1.1.

When building components are acquired from a

Practice I.I: Inventory practice

deconstruction site, a so-called circular advisor
visits the deconstruction site and creates an in-
ventory list of building components that will be
released during dismantling. The circular advisor
walks through the building and writes down all
materials and elements that become available.
Creating an inventory list is important for multiple
reasons. First, it provides an overview of what and
how much is available. Second, it allows further
calculations regarding the value of the available
building components. Third, it allows to calcula-
te the price that is asked for the deconstruction
process. Fourth, it can be used to decide which
materials and elements match the offer of the re-
spective circular material hub. Fifth, buyers can
be sought even before the dismantling took pla-
ce, which reduces the amount of building com-
ponents that need to be transported, processed,
and stored in a circular material hub.

Connections: The inventory practice is connec-
ted to other practices performed within the acqui-
sition bundle. It directly influences the value cal-
culation practice (see chapter 5.1.1.2.), the client
search practice (see chapter 5.1.1.3) and indi-
rectly the decision making practice (see 5.1.1.5).

5.1.1.2.
practice

Practice I.Il: Value caluclation

The value of all available building components is
calculated to estimate how much money can be
generated by the sale of acquired building com-
ponents at a later stage. The basis for calculating
the value of available building components is an
inventory list. The monetary value is influenced by
the popularity of the respective building compo-
nent amongst clients. Based on experience from
previous business activities, circular material hub
employees know which building components are
especially popular and sell well (e.g. old wood).
Hence, knowledge about what the clients of the
respective circular material hub want is needed
to decide whether a building component can be
sold and how much money can be asked. The
monetary value is influenced by the condition and
certain characteristics of the building component.

Connections: The value calculation practice is
connected to the inventory practice (see chap-
ter 5.1.1) and the price calculation practice (see
chapter 5.1.4). The former because an inventory
list is necessary to have an overview of all buil-
ding components and the latter because it has an
influence on the calculated price.

5.1.1.3. Practice L1lI: Client search practice
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It is possible that building components are sold
before they get dismantled. One circular material
hub representative reported that for 60 to 70%
of the building components a new owner can be
found before the deconstruction starts, which re-
sults in the materials and elements never being
transported to the hub. In this case, the buyers
are mostly specialized trade companies instead
of end users. When searching for clients, it is cru-
cial to know which materials become available
to look for potential buyers. In turn, when buil-
ding components get sold and do not have to be
transported to and stored in a hub, it also influen-
ces which process activities must be performed
in a circular material hub, since less components
mean less processing (see chapter 5.1.1.2).
Therefore, selling building components before
the deconstruction process starts leads to less
material transportation, processing, and storing
at the hub.

Connections: The client search practice is di-
rectly influenced by the inventory practice (see
chapter 5.1.1.1), since it is crucial to know which
materials become available to look for potential
buyers. At the same time, it influences the pro-
cessing practice. When materials are sold befo-
re they get to the circular material hub, they do
not have to be processed there. To a certain de-
gree, this also indirectly influences the scouting
practice. If building components are sold before
they get to a circular material hub, it only targets
those carriers of a scouting practice who decide
to scout building components directly from de-
construction projects and not from online market-
places or at the circular material hub.

5.1.1.4.
practice

Practice I.IV: Price calculation

Which price a demolition company asks for the
deconstruction of a building depends on the pro-
ject as well as the building components that get
available during deconstruction. They typically
have standardized contracts and prices depen-
ding on the task and whether all, most or no buil-
ding components shall be deconstructed or de-
molished. During this research it was found that
the contract typically includes that the demolition
company can keep all the building components
that get dismantled. The price calculated for the
deconstruction of a building minus the monetary
value of the building components that can be dis-
mantled results in the price that is asked for the
deconstruction of a building.

Connections: The price calculation practice for
calculating how much the demolition company

asks for deconstructing a building is connected
to the value calculation practice, since the asking
price is made up of the demolition price minus
calculated value of all building components re-
leased (see chapter 5.1.1.2.).

5.1.1.5.
practice

Practice 1.V: Decision making

A circular material hub must decide whether to
accept or decline building components that get
offered by an external party. To decide, it is ne-
cessary to have an overview of the building com-
ponents on offer and their condition as well as
enough experience to know whether these com-
ponents can be sold quickly or not. The price a
circular material hub pays for building compo-
nents that get offered by an external party de-
pend on certain characteristics. For example, the
more nails there are within one meter of wooden
plank, the lower the price will be since more holes
result in less quality due to less load-bearing and
less processable wood. Accepting materials from
external parties is not always equivalent to paying
for these materials, as one hub stated that exter-
nal partners can hand over the materials or ele-
ments to them, but only in some cases they pay a
fee when they are sold. Typically, building com-
ponents from external parties are only accepted
if they match the circular material hub‘s range.
There are two different ways to get an overview
of what is available and to support the decision-
making process. The first one is that a circular
advisor or employee of the circular material hub
visits the building in person, walks through it and
compiles a list of building components that suit
the offer of the circular material hub. This option
was pointed out to be particularly suitable for
larger projects. The second one is to not visit the
deconstruction site in person, but instead ask for
pictures, a video chat and detailed information
of the available building components. By asking
qguestions which are specific enough to unders-
tand the building components on offer, essential
information for the further handling can be col-
lected.

“... how are the planks connected, what do they
look like when they come loose, what will they
look like, are there nails in the planks, is there
material left over on the planks.” (The rejuvena-
ting hub)

This method is chosen if there is no time to view
the materials in person or if the project is too far
away. As one interviewee (The rejuvenating hub)
stated, the reasoning behind checking all mate-
rials and elements is that “| don’t want a surprise
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at my door step with materials | don’t want.”* Once
the basic information explained above is obtai-
ned, the final intake of the building components
depends on storage capacity, demand and po-
tential to find buyers: “We are always checking if
there is enough in store and enough demand, we
don’t want to have the things on the shelf for too
long.” (The rejuvenating hub). Several represen-
tatives from circular material hubs explained that
old or rare items sell particularly well, and that old
wood is especially popular amongst clients. This
illustrates the market insights the material hubs
require to make a qualified decision on whether
to accept a building component or not.

Connections: The decision making practice is
connected to the inventory practice (see chap-
ter 5.1.1.1) and the sales practice (see chapter
5.1.1.3.). Knowledge about which building com-
ponents are on offer forms the foundation for de-
cision making. Additionally, it is crucial to know
whether the building components subsequently
can be sold, which in turn is influenced by the
preferences of potential clients.

5.1.2. Practice bundle Il: Processing

When the building components get to the circular
material hub, processing practices, i.e. practices
that are combined in a processing practice bund-
le, can be performed to prepare the building com-
ponents for reuse. Building components offered
in circular material hubs can be grouped into the
categories secondary raw materials, structural
elements, non-structural elements, and furniture.
The practices in this bundle arecleaning practice,
repurposing practice, remanufacturing practice,
separating practice, and recycling practice.

Once the building components have been ac-
cepted, they are taken to the circular material
hub. There, they are processed and prepared for
reintroduction into the material cycle. Processing,
here, refers to all the practices performed in the
circular material hub to prepare the materials for
a new life cycle. There are various practices wit-
hin the processing practice. Depending on which
materials or elements are offered in the circular
material hub, different practices were identified
that are performed by the employees before they
can re-enter the material cycle. These practices
are cleaning, repurposing, remanufacturing, se-
parating, and recycling. Which practices are per-
formed in a circular material hub depend on the
offer of the respective hub, their focus in terms
of material (e.g. wood) and building component
handling (e.g. mostly non-structural elements),

and the building component at hand. Below, a
classification of the different building component
categories is given, followed by description of
and an example for each practice.

Building component categories

It is difficult to say exactly what is offered in a
circular material hub. The range is constantly
changing and always depends on what beco-
mes available during dismantling projects. This
is also made clear by the statement of one inter-
viewee who said: “Our assortment is changing all
the time, it is not like in a supermarket, we are
dependent on what is coming in“ (The rejuvena-
ting hub). It is, however, possible to determine a
basic range of elements or materials based on
the usual supply. The interviews showed that the
circular material hubs under investigation mostly
sell structural elements, non-structural elements,
and interor.

Examples of secondary building components of
each category sold in circular material hubs are:

e Secondary raw materials: Wood, concrete

e Structural elements: Beams, planks, columns,
concrete stairs

e Non-structural elements: Insulation, doors, win-
dows, locks, panels,

e |nterior: Toilets, sinks, cabinets, kitchen, tables,
chairs

In terms of materials, a tendency towards wood
materials was identified. Half of the hubs survey-
ed have their own wood saw and process wood
products. This also matches with the findings
from this study showing that wood and especially
old wood is particularly popular amongst clients.
As the circular material hubs under investigation
were chosen according to the building compo-
nent categories they sell (namely mainly structural
elements, non-structural elements, and interior),
secondary raw materials apart from wood are litt-
le to not handled. In one example, secondary raw
materials such as concrete are processed (bro-
ken, crushed, washed, sived) by the associated
recycling department, but not by the circular ma-
terial hub department.

5.1.2.1.

Before being able to sell building components,
cleaning of the component in question is someti-
mes needed, and therefore one of the practices
performed at circular material hubs. An example
is the cleaning of toilets which was performed in
one of the circular material hubs under investiga-

Practice Il.I: Cleaning
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tion. Since performing a cleaning practice specifi-
cally for toilets is not a regular practice performed
at the circular material hub in question, a small
wash box in which the toilets can be cleaned had
to be built first. The reason for this was that a cus-
tomer no longer wanted to use new materials for
the project. To be able to reuse the toilets, it was
necessary to clean them. This required the toilets
that need to be cleaned, the employees that per-
formed the practice, a suitable washing facility,
the knowledge of how to clean them and a client
who wanted to reuse building components. Addi-
tionally, circular material hub employees who are
willing to perform a practice they normally do not
perform and even build a tool necessary for per-
forming this practice were needed.

5.1.2.2.

Within the sample population of four circular ma-
terial hubs, one makes completely new items
from secondary building components that no lon-
ger correspond to the original use. For example,
doors are repurposed as tabletops, windows are
repurposed as doors for cupboards and cupbo-
ards are repurposed as parts of kitchen islands
or kitchen counters. To perform this practice,
handicraft knowledge, tools, creative thinking,
and a suitable workplace are required. Additio-
nally, it needs knowledge about certain building
standards such as conventional table heights,
top depths etc.

Practice II.II: Repurposing

5.1.2.8.

Before being able to reuse, remanufacture, re-
purpose, or recycle components, the different
building components (e.g. concrete, wood,
bricks, or roof tiles) must be separated, (1) from
each other or (2) according to their quality. Wood,
for example, is separated according to its quali-
ty into A-wood, B-wood, and C-wood, which can
then further not only be recycled, but also reused,
remanufactured, or repurposed.

Practice II.IV: Separating

5.1.2.4.

Interestingly, circular material hubs do not use
the secondary raw materials themselves. Instead,
they work together with producers and pass the
secondary raw materials on to them so they can
make new products out of it.

Practice I.V: Recycling

“We need producers because we need to make
the raw materials and the producers can use it
for circular products.” (The all-rounder hub 2)

Another option is to pass them on to the recycling

department within the same company. When it
comes to the circular material hubs under inves-
tigation, wood is the material that is recycled the
most. Those circular material hubs which have a
wood saw cut wooden beams into new building
components with different dimensions or make
pressed wood out of it. Other activities such as
crushing, washing, grinding, or shredding, which
are for example necessary to recycle concrete,
are not performed within the circular material
hub, but rather by a recycling department within
the same company.

5.1.3. Practice bundle lll: Sales

The sales practice bundle describes different
practices that are performed in a sequence or
temporal order to sell the building components
offered by a circular material hub. Building com-
ponents are sold through different communica-
tion channels and to different clients. Clients of
circular material hubs can be grouped into four
main target groups: private customers, busines-
ses or wholesale, fixed partners or producers,
and public customers. Communication channels
were identified as the intersection between the
circular material hub and the customer. The five
main communication channels identified during
the study are the Insert marketplace, Marktplaats,
a web shop, a physical shop as well as contac-
ting potential clients directly (e.g. by phone). De-
pending on the client, different communication
channels are preferred by the representatives of
the circular material hubs.

Multiple reasons were found why circular mate-
rial hubs do what they do, i.e. why they collect
or accept, process, and then sell building com-
ponents. Building components that are treated in
a circular material hub are returned to the cycle
by selling them to different parties. By doing this,
they remain part of the material cycle. This return
to the material cycle is one of the first motivating
factors. The representatives report that they see
it as their task and duty to help ensure that more
resources are reused in the construction industry.
The awareness that primary raw resources can-
not be used indefinitely, and that the construction
sector contributes to a large part of the environ-
mental damage is the reason why they are active
in this area. Additionally, the vision of the Dutch
government to become circular and climate neut-
ral by 2050 was mentioned to be a reason for the
company the respective circular material hub is
part of to operate such a department. In a circu-
lar economy, reusing secondary building compo-
nents will be a fundamental part, hence offering
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those is seen as a “...
all-rounder hub 2).

need in the future” (The

It must be noted that the practice of selling se-
condary building components is an economic
activity which is connected to money, profit, and
turnover, as one representative stated: “I'm also
a businessman. | always have to look on return
on investment” (The all-rounder hub 2). Despite
turnover being important, it was found that profit
is not the main motivation behind running a circu-
lar material hub, as they do not generate a lot of
revenue.

“It's not the most profitable part for our organiza-
tion. So everything we do here we do because we
have and want to do something with old materials
from our projects. It's not really a big part of our
revenue.“ (The B2B hub)

As indicated in the introduction of this section,
the practices of choosing a client and commu-
nication channel are crucial for the sales bundle.
Those practices are described below.

5.1.3.1.
practice

Practice Ill.I: Choosing a client

In a first step, the practice of choosing a client or
target group must be performed. Five main target
groups of circular material hubs were identified.
These are private customers, wholesale, fixed
partners or producers and public organizations.

Clients depend on (1) the building components
that are sold, (2) for which target group they are
relevant, (3) who is willing to buy secondary buil-
ding components and (5) an active decision of
the circular material hub providers for or against
a specific target group. To reach different target
groups and potential clients, different commu-
nication channels are used. Therefore, perfor-
ming the practice of choosing a client informs the
practice of choosing a communication channel.
In the following, all target groups are described.
This description forms the basis for the chosen
communication channel, as described in chapter
5.3.1.2and 5.3.1.3.

Target group |: Private customers

Private customers are an important target group
for circular material hubs and for some even the
most important one. Even though “consumers are
very wide, if you look at the target group (...) most
(...) customers are private customers who buy
things for themselves” (The rejuvenating hub).
However, it was found that private customers are
not important for every circular material hub, as a
representative of one hub specifically mentioned

that they actively try to avoid private customers:

"We try to stay away from that. Because it's very
low volume and they need a lot of attention.”
(THE B2B HUB)

A concern mentioned in the context of selling to
private customers is that they not always reali-
ze that the circular material hub does not give a
guarantee on secondary materials and elements.
Hence, it is the responsibility of the private cus-
tomer to check the quality. Despite attempts to
avoid private customers, they cannot always be
prevented when advertising online.

Target group II: Wholesale

Selling to wholesale was found to be attractive for
circular material hubs as it is easier and more ef-
ficient than other ways of selling.

“We try to sell as much as possible to wholesale
because it is easier.” (THE B2B HUB)

It is easier as the circular material hub does not
have to look for buyers, but already knows that
the wholesale partner will very likely buy the buil-
ding components. What needs to be done is to
inform the client about available building com-
ponents and offer a price. Selling to wholesale is
more efficient and less expensive for the circu-
lar material hub operator compared to having an
entire logistical network and warehouse. Additio-
nally, it was found to be as close to the procedure
nowadays considered as standard as possible,
which in turn makes it attractive for other users
such as building companies.

Target group lll: Fixed partners and producers

Selling to fixed partners was found to be useful
as it eliminates the need to search for potential
customers every time. It was found that some
circular material hubs work together with fixed
partners to which they bring back certain buil-
ding components. Within the category of fixed
partners, two different target groups were men-
tioned. Fixed partners can either be companies
such as construction companies, warehouses,
or producers. Within the group of producers, a
distinction can be made between the original pro-
ducer of the respective building component and
producers who create new products from secon-
dary building components but are not the origi-
nal producer. One representative stated: “For all
the mainstream materials we have fixed buyers”
(The B2B Hub). Building components mentioned
in this context were concrete and wood which are
turned into new concrete or new wooden panels.
A reason that was given by one representative
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for not bringing back the materials to the original
producer was that the circular material hub does
not know who the original producer was. A lack of
information regarding who the original producer
is as well as a collaboration with the original pro-
ducer are needed to be able to bring the building
components back.

Target group IV: Public organizations

Targeting public organizations such as schools
or libraries was reported as beneficial by one cir-
cular material hub.

”... one of the possibilities to make more turn-
over is to look at those libraries or schools, be-
cause the government or government branches
are more interested in reusing materials.” (The
rejuvenating hub)

According to the interviewee, this can be attribu-
ted to the circumstance that the municipality has
an interest in making the construction process
more circular, also because of the government's
goal of becoming climate-neutral and circular.
The municipality therefore does not necessarily
select the cheapest offer, but also pays attention
to its circular efforts, whereby more money is in-
vested in secondary building components.

Target group V: Construction sector

A close connection between circular material
hubs and architects could not be detected. Ac-
cording to the representatives of the circular ma-
terial hubs under investigation, architects are not
part of the main target group. Statements such as
“we don't see them a lot in our hub” (The all-roun-
der hub 1), “we talk to architects now more and
more” (The B2B hub) and “we have a separate
department which works together with architects,
but it is at the beginning of the process and not
that far yet” (The rejuvenating hub) show that ar-
chitects are not yet part of the regular clientele.
From the perspective of circular material hub re-
presentatives, architects are interested in reusing
materials, but due to the unpredictable supply
of materials and elements that are offered at a
circular material hub, they think it is difficult for
architects to design with them.

The same applies to contractors or constructors,
as these are, in contrast to architects, seen as
a target group, but are not the main purchasers
of building components sold at circular material
hubs.

"Sometimes there are also companies like small
constructors which [buy building components
that] are already on stock, like old doors or con-

crete stairs, that are also a target groups of us,
but these companies are very small in terms of
total turnover.” (The rejuvenating hub)

5.1.3.2.

It was found that circular material hubs sell secon-
dary building components both online and offline.
Therefore, two sales practices were identified, an
online sales practice and an offline sales prac-
tice. For both practices, different performances
were investigated. In case of online and offline
sales practices, zooming in to different perfor-
mances provides important insights into the dif-
ferences that occur when a practice is performed
in different settings or to reach different target
groups. To be more precise, the performances
differ in where the building components are sold
and are directly connected to the desired target
group. The options for selling materials and ele-
ments are subsequently referred to as communi-
cation channels, as they are a means of bringing
circular material hubs and clients together. As
such, they can be assigned to the material cate-
gory. Through these channels, (1) circular mate-
rial hubs can offer their building components and
(2) customers can find building components. This
means that the communication channels function
bidirectionally and are beneficial both for circular
material hubs, which represent the selling party,
and for customers, who represent the buying or
searching (scouting) party.

Practice IIL.III: Online sales practice

Five different communication channels were
identified. These are the Insert marketplace,
Marktplaats, an individual, company owned on-
line shop, a physical shop or by contacting the
potential client directly. Which communication
channel is used depends on the offer as well as
the target group. In the following, the two different
sales practices identified in this research and dif-
ferent performances of these practices are ex-
plained.

Performance IlL1II.1: the Insert

marketplace

Selling on

The Insert marketplace was found to be one of
the most important players when it comes to con-
necting circular material hubs and potential cli-
ents. The Insert marketplace is an online platform
operated by the Insert foundation where building
components offered by different suppliers can be
found. One interviewee stated: “We have our own
web shop but we also use Marktplaats” (The B2B
hub). After further investigation, it turned out that
the web shop the interviewee referred to was not
a company owned web shop, but the Insert mar-
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ketplace. This shows that the Insert marketplace
is not just seen as a marketplace by many, but as
a company'‘s own store. This can also be obser-
ved from the fact that the Insert marketplace can
be filtered according to the various suppliers, so
that only those building components offered by a
single company are displayed on one page. As a
result, the impression can be conveyed that it is
indeed a company owned online store. The Insert
marketplace is intended to be a business to busi-
ness (B2B) marketplace which targets players
within the construction industry and not private
customers. This is also evident from the structure
of the platform, as it is possible to filter all buil-
ding components according to STABU and RAW
codes (note from the author: STABU and RAW are
systems for providing codes in the construction
industry. RAW is used for residential and non-re-
sidential construction (Ketenstandaard Bouw en
Techniek, 2022), and RAW is used for civil engi-
neering construction (Dreschler, 2009)).

When selling on the Insert marketplace, the fol-
lowing information must be provided: pictures,
material specifications (availability, quantity, di-
mensions, material location), project information
(provider, project, location), additional informati-
on (technical quality, aesthetic quality, raw mate-
rial, type of connection) as well as additional de-
scriptions or information that could be interesting
for a potential client. The price does not have to
be provided, however, the representative of In-
sert stated that providing a price is beneficial as
this is what clients are interested in. To sell on

Floor parts / floor segments
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Figure 5.1 Exemplary screenshot of the Insert online
marketplace.

insert, an employee of the circular material hub
must take pictures of the building components
and put all the information into the system. Addi-
tionally, the circular material hub must have an In-
sert subscription. While building components can
be searched even without an Insert membership,
placing building components in the web shop is
only possible with the standard or pro subscrip-
tion. As mentioned above, clients can get the im-
pression of visiting the web shop of the circular
material hub, even if it is the Insert Marketplace.
This is where the different memberships come
into play once again, as it is also possible to em-
bed a widget on the website of the circular mate-
rial hub with the Pro membership.

The main target groups reached via the Insert
marketplace are architects and other actors wit-
hin the construction sector.

Performance lILI11.1I: Selling on Marktplaats

It was found that the circular material hubs are
not relying on Marktplaats to sell building com-
ponents. Even though Marktplaats is used, it is
not used intensively and can be understood as
a communication channel of secondary import-
ance. Marktplaats tends to be used for smaller
quantities of materials or in addition to other online
or offine marketplaces. To sell on Marktplaats,
pictures and information about the building com-
ponent must be put into the system as well. On
Marktplaats it is not mandatory to provide as
much information as on the Insert marketplace.
When analyzing the posts on Marktplaats, it can
be seen that this lack of required data results in

————
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Figure 5.2 Exemplary screenshot of the Marktplaats
online marketplace.
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less information being provided. On Marktplaats,
mostly private customers or end-users are targe-
ted.

Performance IILII111I: Selling in web shop

It was found that circular material hubs typically
do not operate their own web shop but use the
Insert marketplace or Marktplaats for their online
presence. However, as mentioned before, circu-
lar material hubs can embed an Insert widget on
their website. From the four material hubs under
investigation, one has a web shop which is run by
its own company. All other circular material hubs
offer their building components on a marketplace
run by an external operator (Insert or Marktplaats)
since this is easier. One representative even sta-
ted that selling elements or furniture in a web shop
cause too much distance to the customer. Here, it
must be mentioned that this circular material hub
produces furniture from secondary building com-
ponents, which needs consultation with the client
to understand their wishes. They are unique pie-
ces that are only made when there is a buyer for
them. In this case, a web store would prevent the
customer’s needs and ideas from being precise-
ly understood and implemented. A company ow-
ned web shop targets different groups of clients.

5.1.3.8.

Performance lll.11.I: Selling in a physical shop

Practice IIl.1l: Offline sales practice

It is not usual for building components to be offe-
red in a physical shop or showroom. Selling buil-
ding components directly at the location of the
circular material hub, without there being a de-
dicated shop for this purpose, is not an essential
part of the sales practice, even though customers
sometimes do visit to check the building compo-
nents before they buy them. One of the four cir-
cular material hubs under investigation operates
a physical store which is open to the public. In
the store, structural elements such as doors, win-
dows and stairs are displayed next to non-struc-
tural elements such as door handles, furniture
such as tables and refurbished furniture such as
doors, tables, chairs, cupboards, or kitchens. The
argument for running a physical store was that it
allows close contact with customers and exclusi-
vity. This close contact was found to be especial-
ly important for exactly this hub since it produces
furniture from secondary building components. A
task which requires close connection to clients to
produce a piece of furniture which meets the ex-
pectations and needs of the customers.

"... we lry to connect with the customer, take

them by the hand and go through the progress
with them (...).” (The rejuvenating hub)

In a physical shop, customers can be advised
individually, and it is possible to find out exactly
what they want, for what purpose, and what ideas
they have. Additionally, clients who come to the
shop to purchase a specific element or piece of
furniture might get convinced to buy something
else as well.

“The main attraction are the old doors, they at-
tract and if they come in, we try to get them in on
the weekend and if they look at the showroom
and then they get interest in more and more.”
(The rejuvenating hub)

Selling secondary building components in a phy-
sical shop targets mostly private customers and
small businesses. To conclude, performing an
offline sales practice in a physical shop is benefi-
cial when a close connection to clients is desired
or required.

Figure 5.3 Exemplary picture of a physical shop ope-
rated by a circular material hub.

Performance lll.II.I: Direct selling

Another performance of an offline sales practice
is characterized by selling secondary building
components to fixed partners. The building com-
ponents do not have to be offered online or in a
physical shop but can be offered directly to po-
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tential customers, e.g. by calling them. When con-
tacting the potential client, a circular material hub
employee provides information on which building
component is on offer, the amount and the asking
sales price. The potential customer then only has
to accept or reject the offer. This establishes a
certain regularity in the sales process, and it avo-
ids the need to look for other customers. A direct
sales practice targets mostly wholesale, produ-
cers or other fixed partners the circular material
hub collaborates with.

5.1.4. Practice IV: Circular design practice

A circular design practice can be performed in
multiple ways, i.e. have different performances.
Decisive factors are whether the design or know-
ledge about reusable materials and elements is
first, which materials can be scouted, how the
building components available for reuse can be
found and the partners that are part of the pro-
ject team, meaning whether they support material
reuse or not. Competences that are important for
a circular design process are flexibility and crea-
tivity. In the following, a circular design practice-
as-entity is described.

It was found that there are two ways of appro-
aching a design including secondary building
components.

"Either you look for what's there and make a de-
sign with that or you design a building and then
see how you can fit.” (The visionary architect)

The first option or performance is to identify which
building components are available and after-
wards start a design with the knowledge about
current availabilities. The second option or per-
formance is to create a design and afterwards
look for secondary building components that are
available that could fit the project and design.
Whether the knowledge on available building
components or the design comes first depends
on the project, as in some cases building com-
ponents from a donor building or deconstruction
project are available. One reason given for crea-
ting a design first and then searching for secon-
dary building components was the strict require-
ments and regulations that must be fulfilled. This,
however, does not mean that the entire design
must be finished before the search for building
components can start. If a design just includes
openings and square meters but no materials
specification, it allows to have enough knowled-
ge on what could fit the project without taking
the possibility to change the design according to
the building components that are available. One

expert, however, does not agree with this way of
designing and states:

“It's a disaster that we make designs and then
look afterwards to see how we can actually put
the thing together.” (The circular economy ex-
pert, translated)

Designing with secondary building components
is a skill that needs to be learned, just as desig-
ning with virgin materials requires certain compe-
tences.

“I think you can learn to work with reuse mate-
rials.” (The visionary architect)

It has been shown that architects have generally
a positive attitude and think that other architects
either already know how to design circularly or
can at least learn to do so.

“Many architects, they are willing, they want it
they know how to do it because all it takes is
creativity and the will to do it ... ” (The visionary
architect)

Two skills mentioned by several architects that
are essential when designing with secondary
building components are flexibility and creativity.
Flexibility here refers to the knowledge that chan-
ges may be necessary in the final design stages.
To stay flexible, the final design stage should be
dynamic instead of static. This allows the archi-
tect to adapt the design according to the mate-
rials and elements that are available. As a result,
unforeseeable changes or changes at short noti-
ce can be accommodated.

“I think what is really important is the (...) creati-
ve view on how can we find a way to reuse this
building, all these materials ...” (The visionary
architect)

Creativity, on the other side, stands for the ability
to rethink the design process. Whereas in a tra-
ditional design process any materials can be se-
lected, a circular design process relies on either
the selected materials already being available or
at least being able to be found.

“... It requires a way of thinking and sort of fle-
xibility that enables you to design with reuse
materials and some architects, | think, they just
don't want it or they feel bounded by, for exam-
ple, availability or quality ...” (The visionary ar-
chitect)

Flexibility and creativity are also seen as a poten-
tial reason why architects do not design with se-
condary building components.

“l think architects and designers are visually,

RESULTS

42



they need visuals.” (The visionary architect)

Due to designers responding to visual stimuli, it
was found to be especially helpful if they get an
in-depth understanding of the state of a building
material or element and what it looks like. This also
reduces the risk of creativity, or missing creativi-
ty, being a decisive factor in the choice not to use
secondary building components. The needed un-
derstanding of and information about certain buil-
ding components is hard to obtain while they are
still installed, as it is not clear whether and how
they can be taken apart or how they are attached
to each other. This understanding, however, is
necessary to include a certain building compo-
nent in a design. One argument given was that it
is easier to imagine a reuse scenario if the buil-
ding components have already been dismantled
rather than still being installed in a building. In
this context, direct online access to circular mate-
rial hub offers was identified as support. It allows
them to decide whether it is worth spending time
on visiting the circular material hub and looking at
the available building components or not.

As mentioned above, it depends whether the
knowledge about available secondary building
components or the design comes first. Even
though the performance differs for the two opti-
ons, both, in the end, require secondary building
components that are available for reuse. The dif-
ference is, at which stage of the design process
the knowledge about the available materials is
needed.

Another factor are the partners that participate in
a project. It was found that the project team can
be dependent on whether a design includes reu-
sed materials or not. Being supported by a team,
client, contractor, and advisory partner is neces-
sary to enable reuse among architects.

“... if everyone is against you and actually no-
body wants it ... then it's impossible.” (The vi-
sionary architect)

According to one architect, using secondary buil-
ding components is not always more expensive
and sometimes even cheaper. However, what
makes it more expensive is the work that is ac-
companying the scouting process. When desig-
ning in the traditional way, building components
can be found and selected in a construction shop.
In comparison, when designing with secondary
building components, more time is spent finding
the materials and checking their condition. This
extra work leads to higher costs.

In some performances of circular design practi-

ces secondary building components are prefer-
red to look like they are reused, while in others
they are preferred to look like new, even though
they are reused. It was found that these diffe-
rences depend on the taste of the carrier of the
practice, i.e. the taste of the designing architect
or client. One architect stated that showing exact-
ly where a material came from “can be an interes-
ting aspect to a design” (The visionary architect).

5.1.5. Practice V:
scouting

Building component

Building components can be scouted offline or
online. Offline, building component can be scou-
ted from donor buildings, circular material hubs
or physical shops operated by circular material
hub providers. Online building component scou-
ting can make use of online marketplaces shared
by multiple providers or online shops operated
by a single provider. The scouting practice itself
can be performed by different carriers, namely
architects, material scouts, contractors, clients,
or employees of the Insert Foundation. The Insert
Foundation does not only play a crucial role in the
scouting process by providing an online market-
place which can be used by those performing a
building component scouting practice, but also
by offering a scouting service to look for specifi-
cally required materials.

When it comes to scouting secondary building
components which can be used in a construction
project, two main performances of this practice
were found. The difference between those perfor-
mances is mainly where the building components
are scouted, i.e online or offline. Scouting buil-
ding components offline can be performed by vi-
siting (1) a donor building or (2) a circular materi-
al hub or a physical shop operated by the circular
material hub. A donor building can for example
be a building that currently stands on the site the
new one is planned for or another building that is
currently being or planned to be deconstructed.
Scouting building components online typically
includes visiting (1) online marketplaces, where
building components from multiple suppliers are
offered, or (2) an online shop operated by a sing-
le circular material hub. While an offline scouting
practice requires the person who performs the
practice to physically go to the location where the
secondary building components can be scouted
or harvested, an online scouting practice can be
performed virtually anywhere. Within one project,
one or both performances can be performed.
This means that secondary building components
can either only be scouted online, only offline or
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both online and offline.
Carriers of a scouting practice

Even though the focus is on the practice itself rat-
her than the carrier, this research does not want
to neglect who potentially performs the practice,
as there are certain characteristics related to
each carrier that can significantly influence the
respective performance. Below, an overview of
carriers who can perform the practice of scouting
secondary building components is provided.

Practice performed by architects

Whether building components are mainly scou-
ted by architects and other employees of an ar-
chitectural firm or by an external carrier depends
on the project, but also on the architectural firm.
Architects can look for secondary building com-
ponents either offline or online. Especially when
special secondary building components are in-
corporated in a design, the practice is performed
by architects. Special building components are
those that are significant for the design, and often
especially for the appearance. However, in most
of the architectural firms under investigation, buil-
ding components are scouted not mainly by the
designing architects themselves, but by other
employees who are assigned specifically to this
task. These employees are hereinafter referred to
as material scouts.

Practice performed by material scouts

Material scouts are typically not designing but
only scouting secondary building components or
developing technical details which are influenced
by decisions connected to circularity. While loo-
king for building components that fit the designs
provided by the architects, material scouts are in
contact with other parties that are part of the cir-
cular loop, and they are responsible for making
the contract with the provider once they found
suitable building components.

Practice performed by contractors

It was found that contractors play an important
role when it comes to building component reuse
in a construction project. They are not always the
party performing the scouting practice, but due
to their big network involving them in the process
was found to be helpful. The contractors’ big net-
works were also found to be useful when in need
of a storage space for building components that
can be scouted and harvested early on in a pro-
ject but only be used in a later stage of the pro-
cess. Therefore, through providing the network,
they also contribute by facilitating the scouting
practice performed by other carriers. Only one

interviewee stated specifically that scouting be-
longs to the tasks of a contractor. Nevertheless,
even in this case it was mentioned that architects
can also look for building components themsel-
ves, especially when special building compo-
nents are involved.

Practice performed by clients

It has been found that clients can also perform
the scouting practice, or at least influence it. The
former when they harvest building components
and therefore actively participate in looking for
building components, and the latter if they pro-
vide a donor building, deconstruction project or
already harvested building components.

Practice performed by the Insert Foundation

It has been shown that the Insert Foundation is
not only important for circular material hub provi-
ders by operating an online marketplace, but also
for those who are performing a scouting practice.
The Insert marketplace is also important for mate-
rial scouting by providing a common online plat-
form where secondary building components from
multiple providers are sold. Furthermore, the In-
sert Foundation offers a material scouting service
and looks for special secondary building compo-
nents that are requested by clients. In case the
required building components can be scouted
before the construction project starts, the network
of the Insert Foundation also helps them in fin-
ding temporary storage possibilities. Additionally,
the Insert Foundation can also create an in-depth
inventory of the building components that will be-
come available during the redevelopment or de-
construction of a (donor) building.

One architect states:

“... we collaborate with them quite a lot, espe-
cially for the past couple of months. And for us,

that worked really well ...* (The visionary archi-
tect)
5.1.5.1. Performance V.I: Scouting building

components offline

It was found that it depends on the project whet-
her materials and elements are scouted and
harvested from a donor building, from a circular
material hub directly or from one of the online
platforms available.

Scouting  building from donor

buildings

components

Donor buildings tend to be used when they be-
long to the same contractor or client. However,
buildings that are known to be demolished during
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a project can also be used as donor buildings.
Scouting all building components needed for a
new project from one single donor building was
found to be rather unlikely. Therefore, it is often
necessary to search for the required building
components elsewhere, i.e. different deconstruc-
tion projects, material hubs or marketplaces. In
this case, it is also possible to combine an on-
line and offline performed scouting practice. If
building components are scouted from a donor
building, either material scouts or architects vi-
sit the building to make an inventory of what can
potentially be used. The scouting process itself
can be performed in multiple rounds, as visiting
the same building multiple times is not unusual. It
allows different impressions to be gathered and
means that the inventory list does not have to be
compiled during the first visit. If architects are the
ones performing the material scouting practice,
visiting a donor building multiple times has the
advantage that the first visit can take place com-
pletely without pressure. They can get an over-
view of everything that is available, let the mate-
rials take effect on them and potentially help them
to come up with first ideas of how certain building
components could be included in a new design.
Additional tools such as a decision tree chart can
also be used in the process of deciding whet-
her a building component from a donor building
can be reused or not. Questions that are raised
during this process are (1) whether the building
components can be disassembled, (2) how the
connections work, (3) whether they can be reu-
sed exactly the way they are or if they must be
altered or used for a different purpose and (4) if
they are safe to reuse.

An issue that has been reported with using buil-
ding components from a donor building is that it
is difficult to know what exactly they will look like
before they get dismantled. If building compo-
nents are still installed, the size cannot be mea-
sured exactly, and it is not possible to know in
detail how they were installed and connected.
This is a problem as an in-depth understanding
of the building components, their condition, and
the way their connection works is crucial for both
the scouting and design process. Even if it is not
known yet what the building component looks
like, both in terms of measures and color, kno-
wing how it is connected allows to anticipate how
it can be used. Therefore, information on the con-
nection of building components is crucial for tho-
se performing a scouting practice.

Scouting building components from circular
material hubs

Visiting circular material hubs to scout secondary
building components without previously checking
online whether the required building components
are available has been found to be less prefer-
red. One representative stated that visiting a cir-
cular material hub without knowing whether there
are building components available that match the
search criteria can take away time that could be
spent differently. To avoid this, it is preferred to
first check online which building components are
available if possible. The argument that specific
knowledge is required to scout building compo-
nents directly from circular material hubs is com-
plemented, although in a different respect, by
another interviewee. This interviewee mentioned
that elements such as window frames or doors,
for example, are known to always be available,
but the question is where. Circular material hubs
can help with this, as they are known to sell cer-
tain building components. However, a temporal
level is added, as it is not certain whether specific
building components will be available at a given
time.

Scouting building components through the Insert
Foundation

Secondary building components can also be
scouted by commissioning the Insert Founda-
tion and making use of their scouting service. In
this case, an employee of the Insert Foundation
performs the harvesting practice. This option is
chosen, for example, when those performing a
design practice require a large number of a parti-
cular building component. They approach the In-
sert service and ask if they think they can find the
required building components. If Insert says no,
the design is adapted. Otherwise, Insert is com-
missioned with the task of scouting the required
building components.Additionally, Insert has a
large network and access to its own marketplace,
which enables a larger search radius.

Scouting building components from non-traditional
sources

It has been found that building components can
also be scouted from other suppliers which are
traditionally not within the supply source of cons-
truction projects. One architect, for example,
prefers industrial waste as a source for material
scouting. Reasons given for this preference were
that industrial waste usually comes from one
source and is available in the same quantities
at the same time. This allows to make more re-
liable appointments compared to materials and
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elements that are scouted from deconstruction
projects.

5.1.5.2. Performance V.1I: Scouting building
components online

An online scouting practice is typically performed
by using online marketplaces or online shops.
While online marketplaces such as the Insert
marketplace or Marktplaats provide seconda-
ry building components from multiple suppliers,
online shops operated by a single circular ma-
terial hub provider only offer secondary building
components from one supplier. As a result, the
range of secondary building components on offer
on online marketplaces is generally larger than
in individual online shops. This is beneficial for
those performing a scouting practice, as they do
not have to check the online shops from a varie-
ty of suppliers. When it comes to online market-
places, the Insert marketplace was mentioned by
the majority of the interviewees. Only one inter-
viewee did not know what Insert is. It was found
that, even though Marktplaats is also known as
a platform where building components can be
found, the Insert marketplace tends to be used
more often. Because new and old items are offe-
red on Marktplaats and the platform is consumer
oriented, it was reported to be more difficult to
find building components that suit the respective
project. For this reason, platforms that are busi-
ness to business are preferred. This gives the In-
sert marketplace an advantage over Marktplaats.
Insert allows to find building components from
different suppliers on the same website, whereby
it is clear that these are business suppliers and
not private sellers. Additionally, the Insert mar-
ketplace can be filtered by the so called STABU
and RAW codes which are systems for providing
product information in the Netherlands (STABU is
used for residential and non-residential construc-
tion (Ketenstandaard Bouw en Techniek, 2022),
while RAW is used for civil engineering construc-
tion (Dreschler, 2009)). The use of a generalized
code system facilitates the scouting practice as
those who are looking for secondary building
components are very likely familiar with the sys-
tems and how they work.

5.2. Challenges, opportunities, and possible
future developments

Next to the practices which were identified during
thisresearch and presented in chapter 6.1., the in-
terviewees also shared information on challenges
and opportunities that either relate directly to the
practices they perform or to the system in which

they are performed. Additionally, potential future
developments connected to the current system
of circular material hubs in the Netherlands were
identified. In the following, these challenges, op-
portunities, and potential future developments are
presented. This information is considered essen-
tial to understand the potentials of circular mate-
rial hubs, certain limitations that potentially hinder
or opportunities that support the development of
the entire system in the context of a necessary
transition towards a more circular construction in-
dustry. Additionally, this information also plays a
key role in shaping recommendations for govern-
ment and practitioners.

5.2.1. Challenges

This section describes the challenges identified
by the interviewees. These can be challenges ex-
pressed by architects, circular material hub re-
presentatives or experts. Uncertainty, the need to
be flexible throughout the entire design process,
the status of guidelines and regulations, mis-
sing collaborations between all parties involved
in the project, costs, and the question of who is
providing the guarantee for secondary building
components are the main challenges which have
been named by both architects as well as circular
material hub representatives.

5.21.1. Challenge |: Uncertainty, irregular
assortment and flexibility

Uncertainty can be one of the challenges prac-
titioners have to face during a circular design
practice, specifically during the process of scou-
ting or harvesting building components.

”In the world of reusing materials (...) anything
can happen and you never know if something
turns out differently than you expected, usually
it does” (The visionary architect).

This uncertainty is also exacerbated by the irregu-
lar assortment of circular material hubs. The fact
that the offer of circular material hubs depends
on deconstruction projects and the building com-
ponents that get available reinforces uncertain-
ty and the need for more flexibility. It cannot be
guaranteed that certain building components will
be available in a certain amount or dimension
at a certain time. For practitioners performing a
circular design practice, in turn, this uncertainty
makes it harder to include secondary building
components in their design. However, there is
not only uncertainty when it comes to the offer
available at circular material hubs, but also to the
building components that can be harvested from
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deconstruction projects. Questions such as whet-
her the quality is as expected, how a still built-in
building component is connected, whether it can
be deconstructed without damage and if all safe-
ty regulations can be met with the intended buil-
ding component after its deconstruction lead to
a certain degree of uncertainty that needs to be
taken in to account. This in turn needs flexibility to
adapt the design to possible changes, even at a
later stage in the project, potentially even during
the construction phase.

It has been shown that these uncertainties lead
to projects starting ambitiously, only to realize at
the end that the result is far from the ambitious
goal planned at the beginning. Reasons for un-
foreseeable changes may be that materials have
been damaged during dismantling, that the quali-
ty of the building components do not meet expec-
tations, that regulations cannot be met with what
is available, that the desired building component
cannot be found or that is different from what was
originally assumed. The last case can occur when
building components are scouted from a donor
building. In some cases, it can happen that only
after the deconstruction it is it discovered that the
building component is different from what was
assumed when it was still built in.

5.21.2.

A problem mentioned by multiple interviewees is
the timeline when different parties get involved in
a project. The consensus is that the earlier all par-
ties get involved, the better. This means that

Challenge II: Missing collaboration

“... Incorporate us as early as possible and put
us on the same table as the architect.” (The B2B
hub)

Involved partners starting to work on a project
one after the other instead of at the same time
was considered as a disadvantage. If partners
only become part of the project one after the ot-
her, it may only emerge at a later stage that one of
the partners is unable to perform one of the pre-
viously decided tasks, for example due to a lack
of knowledge and skills. This means that changes
must be made that could have been avoided if all
partners had been on board from the start.

Whether or not it is a good idea to have contrac-
tors involved at the start of the design is judged
differently depending on the architect.

“..as long as it fits our design. We don't mind
if they [the contractors] also look for materials.”
(The visionary architect)

The advantage mentioned was that circular de-

sign decisions regarding the choice of materials
or elements can be made without the contractor
being able to reject them from the outset, as they
only getinvolved in a project at a later stage when
most parts of the design were already developed.
As a result, contractors might be convinced to
reuse more building components. However, this
same argument was also mentioned as a disad-
vantage by another interviewee. If circular propo-
sals are made and contractors only become part
of the team later, it may only become apparent
at an advanced stage of the design process that
the contractor is not able or does not have the
experience to build with the desired secondary
building components.
5.2.1.3. Challenge Ill: Guidelines and
regulations

A major hurdle to reusing building components is
the current guidelines that the construction sector
must adhere to. For example, old doors are avai-
lable in large quantities, but their measures do not
match the current regulations. A similar problem
was found with windows which are also available
in high volumes, but the quality of the glass does
not meet the current requirements. Building com-
ponents which were produced during a time with
different regulations can potentially not be used
in a project nowadays due to deviating measu-
rements, even if they would be safe to use. This
challenge has been named by both architects as
well as circular material hub representatives.

5.21.4.

Another challenge is the financial factor that co-
mes with reusing building components, which in
some cases even prevents their use.

Challenge IV: Costs

“Everybody who thinks linear doesn't go over to
the circular economy, only if it costs less.” (The
all-rounder hub 2)

One representative from a circular material hub
stated that secondary raw materials are more ex-
pensive than virgin materials. The costs for virgin
raw materials are too low compared to the costs
of secondary raw materials, which means that it
would not be an advantage for clients to use the
latter. An increased effort and workload in the lo-
gistics process also results in additional costs.
Workers who need to be trained for deconstruc-
tion, the transport to the storage location and af-
terwards to the new construction site, preparation
for further use and storage costs lead to increa-
sing additional costs.
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According to different interviewees, low costs
are, however, the biggest incentive for decisions
made by clients. That means that clients typical-
ly go for the cheapest option, and if secondary
raw materials are more expensive than virgin raw
materials, material and element reuse is not an
attractive alternative. One architect reported a
case in which they suggested reusing the exis-
ting toilet bowl and only replacing the tiles. Ho-
wever, the client ultimately decided to have new
toilets installed as the contractor calculated that
this would be cheaper than building around the
existing toilets. This shows that clients have the
decision-making power to opt for secondary buil-
ding components, but that a decision for reusing
is more likely when it also provides (financial) ad-
vantages for them.

5.2.1.5.

Depending on the interviewee different answers
were given to the questions who bears the risk
of reusing building components and whether the
issue of providing a guarantee is seen as a pro-
blem. The answer also differed from architectu-
ral firm to architectural firm and circular material
hub to circular material hub. The shared opinion
among architects, circular material hub providers
and experts is that common sense and know-
ledge can be used to decide whether a building
component can be reused or not. A common
opinion of experts and circular material hub re-
presentatives is that the original producer has the
best possibilities for providing a guarantee for se-
condary building components.

Challenge V: Guarantee

In terms of the entire building, the contractor is
giving a guarantee to the client. For the load-be-
aring structure, structural engineers are the ones
giving the guarantee that the materials and ele-
ments used can carry the weight. Next to this,
architects were found to have certain ways of
finding out whether a material or element can
be used or not. One option is to commission a
research institute with the certification of the ma-
terial or element that is intended to be used. An
additional possibility is to certify that the material
or element that is used complies with the current
regulations without obtaining a proper certifica-
tion.

Circular material hubs sometimes, but not always
provide a guarantee for the building components
they sell. They do not provide such guarantees as
on the one hand, they were not produced, built
in, or maintained by them, and on the other hand,
because of missing tools or financial reasons.

5.2.2. Opportunities

Four opportunities for the future of both building
component reuse and the further development of
the system of circular material hubs have been
found. These opportunities are connected to
decisions the government can make to stipula-
te reuse, the collaboration of all parties involved
in a project from an early moment onwards, the
provision of information regarding building com-
ponents on an online platform and the further de-
velopment of the Insert marketplace.

5.2.2.1.
decisions

Opportunity  I:  Governmental

It was found that the common opinion amongst
the interviewees is that the government has the
power to change the current system by introdu-
cing the right laws and regulations.

“So first of all, the legislator must become much
more active, i.e. the market does what is possi-
ble and the state must organize what is neces-
sary” (The circular economy expert)

Architects, representatives from circular material
hubs and experts agree that change not only can
but must be initiated by the government by stipu-
lating material and element reuse.

5.2.2.2.

It was found to be beneficial if all parties get in-
volved in a project as early as possible as good
collaboration can foster the reuse of building
components.

Opportunity Il: Early collaborations

“Trust and working together are two main things
fo be successful in in the circular economy...”
(Insert)

One architect reported that more building com-
ponents could be reused in one of the company's
projects because all parties involved worked clo-
sely together.

"There was a short line between the different ac-
tors which allowed for this high amount of reu-
sed materials.” (The visionary architect)

One representative of a circular material hub sta-
ted that bringing together client, demolition or de-
construction company, architect, contractor, and
construction company at the beginning of a pro-
ject allows to develop a common plan that takes
the abilities of all parties involved into account. To
give an example: Clients can demand that buil-
ding components are dismantled by deconstruc-
tion companies in such a way that they can be
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reused. Architects then already know which buil-
ding components are available before they start
the design process and contractors can com-
municate at the beginning of the project whether
they are able to build with secondary building
components or not.

5.2.2.3. Opportunity Ill: Information and
knowledge

It has been found that an online inventory of the
building components that are currently available
in a circular material hub is considered helpful
and even crucial. Checking online what is avai-
lable before going to the physical location ensu-
res that the desired materials are available. Ad-
ditionally, it also saves time as there is no need
to visit a circular material hub that does not offer
the required materials. This aspect of saving time
also corresponds with the information that scou-
ting takes a lot of time. To facilitate a scouting
practice, as much information about the available
building components as possible should be pro-
vided by the supplier. At a minimum, the following
questions should be answered:

e What is the state of the building component?

e What are the dimensions of the building com-
ponent?

e Does the building component meet the current
regulations (e.g. building physics or safety requi-
rements)?

It was found that seeing different building compo-
nent and variations of one building component at
one place can be inspiring for architects and po-
tentially lead to a change in the choice of building
component towards a more circular option. Addi-
tionally, it was found that both architects as well
as circular material hub representatives think that
knowing from which building components were
harvested can be beneficial. While a represen-
tative from a circular material hub stated that it
can contribute to the sales strategy, an architect
described it as adding an interesting aspect to a
design.

5.2.2.4. Opportunity IV: A shared and
targeted online marketplace OR:

An online marketplace that is used by multiple
providers of secondary building components and
therefore offers a greater variety of components
showed to be preferred over an online market-
place operated by a single provider. In this con-
text, Insert has proven to be particularly popular,
as this B2B platform is specifically designed to

meet the needs of the construction industry and
offers secondary building components from a
range of suppliers. To improve their service and
provide the users with what they really want, In-
sert is asking for feedback from their users. This
is especially important as different target and
user groups, e.qg. architects or building compa-
nies, have different needs. Insights into what is
working on the platform and what is not are cruci-
al for the development. Therefore, the ones who
perform or influence the scouting practice can
contribute to an improvement of the system by
communicating what they are missing or needing
to establish building component reuse in their or-
ganization and projects.

5.2.3. Possible future development

According to circular material hub providers and
experts who participated in this study, there are
two main shifts expected in the system of secon-
dary building component provision. The first one
is that circular material hubs and marketplaces
for secondary building components will not exist
in the form they do now. The second one is that
data about buildings, building components and
their expected deconstruction will become more
and more important and significantly influence
decision-making.

According to one representative, circular mate-
rial hubs will not exist in the future the way they
currently do. One representative of a circular
material hub even thinks that they “will become
a moving company and bring the products back
to the producer” (The B2B hub). This can be as-
sociated with the expected greater importance of
producers. It has also been noted that the current
system serves little purpose as it is not very effi-
cient. As this study has shown, circular material
hubs are currently mainly operated by constructi-
on companies that deconstruct the buildings and
then process the harvested building components.
This requires certain tools, such as wood saws,
as well as specially trained employees. Multiple
interviewees agree that the original producers,
in comparison, have most knowledge about a
certain building component. It is therefore assu-
med that the producers can process the building
component more efficiently. Another reasoning
for the expected increase in the importance of
original producers is the following: by producing
new building components from secondary buil-
ding components, the raw material consumption
decreases, which in turn is beneficial for lowering
the environmental impact of the construction in-
dustry. Additionally, it is expected that producers
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are able to provide a guarantee on the building
component, facilitating the reuse of secondary
building components due to the removal of gua-
rantee issues.

Corresponding with this, the representative of In-
sert believes that in a decade from now, there will
not be a marketplace anymore.

“The system will then have changed so much
that it will regulate itself without a marketplace.*
(Insert)

The reason given for this is that there are expec-
ted to be specialized companies that trade buil-
ding components for a circular economy. Exam-
ples include producing doors from old doors and
windows from old windows. In combination with
the forecast that “the biobased markets will col-
lapse (...) in a positive way (...) [,] they will ex-
plode ...”, the representative of Insert expects a
shift in the entire system of providing secondary
building components.

“So that might be a nice idea for the transition
during the transformation, but the hubs don't
belong in the new system.” (The circular econo-
my expert, translated)

According to an architect and circularity expert,
every building becomes a material hub when data
on all the materials and elements present in the
building is collected. This means that as soon as
it becomes known that a building will be dismant-
led at a certain point in time and that the materials
and elements become available, architects can
design with them. This eliminates the circular ma-
terial hub’s task of physically collecting and pro-
viding the materials, as these are already docu-
mented and organized online so that interested
parties can find them more easily, along with all
the important information, an bring them directly
to the new construction site. Data is seen as the
basis for decision making and will allow actors to
have an overview of all materials and elements
that are already and will become available.

5.3. Conclusion
Conclusion practices

To conclude this chapter, it must be said that the
practices found are mainly practices-as-entity,
although a closer look was also taken at practi-
ces-as-performance, depending on the practi-
ce. This interplay of close (practices-as-perfor-
mance) and distant (practices-as-entity) analysis
made it possible to take a closer look where it has
become apparent that a more detailed analysis
would be informative. However, for the unders-

tanding of the system, an understanding of the
practices-as-entities was considered more im-
portant. Those practices whose connection can
be further defined, beyond the obvious connec-
tion through their constituent roles in the system,
have been grouped into bundles. This allowed to
detect the connections between the acquisition
practice bundle the processing practice bundle,
the sales practice bundle, a circular design prac-
tice, and the building component scouting prac-
tice. The building component scouting practice,
for example, influences the acquisition practice
bundle, as it is already necessary to consider at
this stage which secondary building components
are regularly scouted. This shows the potential for
positive interventions due to the connection and
influence of the constituent practices.

Conclusion challenges, opportunities and potential
future developments

A variety of challenges and opportunities were
identified. Information about both contributes to
informing future changes. For example, when cir-
cular material hub providers are aware of how im-
portant detailed information on available secon-
dary building components is for those performing
a circular design practice or scouting practice,
they are potentially more likely to put more effort
into providing this information. The same applies
to the early cooperation required by all intervie-
wees for construction projects. What is currently
a challenge can also be an opportunity for posi-
tive future changes. A lack of cooperation in a
project is currently a challenge that needs to be
overcome. At the same time, early collaboration
between all parties and the early involvement of
circular material hub providers is an opportunity
to increase the reuse of building components.

Some representatives from circular material hubs
and experts believe that circular material hubs will
not exist in the future in the way they do now. This
does not mean that circular material hubs will not
exist at all, but it implies that they potentially must
undergo a transformation and find a new busi-
ness case and area of work. Additionally, some
participants of this study believe that circular ma-
terial hubs and online marketplaces will not exist
at all. The focus of this study was not to examine
whether circular material hubs will still exist in the
future. Nevertheless, the results can draw atten-
tion to the fact that representatives of circular ma-
terial hubs and marketplaces themselves see the
possibility that the companies they operate may
no longer be needed in a circular construction in-
dustry. This indication and the potential that prac-
titioners active in the construction industry see for
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the future development of circular material hubs
can form a basis for future research, decision ma-
king and conversations among practitioners. This
is discussed further in the Conclusion chapter of
this research (chapter 7).

Synthesis  of and

opportunities

practices, challenges

As explained above, the system of circular mate-
rial hubs is constituted by a number of practices
which also form practice-bundles together with
other constituent practices. Figure 5.4 visualizes
this system and indicates where challenges and
opportunities provide the basis for potential inter-
vention. However, interventions are not solely ba-
sed on challenges and opportunities, but derive
mainly from the connection between practices.

Even before the acquisition practice starts, a
potential challenge, but also opportunity can be
identified. While missing collaborations potenti-
ally minder the reuse potential in projects, early
collaborations at the same time facilitate a suc-
cessful reuse story. This can be explained by the
finding that it is beneficial if all parties involved in
a project patriciate in discussions from the begin-
ning onwards to clarify what they can or cannot
do. They can share right at the beginning their
experiences with building component reuse,
which in turn decreases the risk of unexpected
changed later in the project. In this stage of the
project, when building components are acquired,
scouting practices performed by material scouts,
architects or other actors in the construction in-
dustry influence which building components are
accepted. Between the processing and scou-
ting practice, another challenge can be identi-
fied when circular material hubs do not provide
any guarantees. However, as circular material
hubs often do not provide any guarantees, tho-

se affected by this challenge already work with
other partners to obtain guarantees. Most of the
influences, however, can be identified between
sales, design, and scouting practice. Those in-
fluences are both challenges and opportunities.
On the one hand, challenges such as potentially
higher costs, and uncertainty in terms of assort-
ment impact the design and building component
scouting practice. However, there are also two
opportunities here. Both practices can be influen-
ced by shared online marketplaces and sufficient
information provided by circular material hubs
and thus by the sales practice performed by cir-
cular material hub employees. A circular design
practice can further be challenged by current
regulations, which potentially influence that se-
condary building components that are available
cannot be used. However, at this stage, a change
in regulations and more flexibility from a regulato-
ry perspective also be an opportunity for increa-
sed building component reuse. Lastly, potentially
higher costs due to longer scouting practices,
or due to building component costs, potentially
influence the circular design practice. If building
components are not scouted because of financial
reasons, they cannot be included in a design.

The visualization shows that there are challenges
and opportunities which originate outside of the
system of circular material hubs. However, due to
the impact the have on the system, they are consi-
dered crucial for the development of the system.
Nevertheless, most opportunities and challenges
can be identified through the connection between
practices that constitute the system. This provi-
des insight into potential intervention possibilities
and shows the close, multidirectional connection
between practices and practice-bundles within
the system of circular material hubs.
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@Challenge missing collaboration 1 Opportunity early collaboration
@ Challenge uncertainty 2 Opportunity information

@ Challenge guarantee 3 Opportunity shared online platform
@ Challenge regulation 4 Opportunity regulation
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Figure 5.4 Visualization of the system of circular material hubs. Visualized by the author.
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6. DISCUSSION

This chapter discusses the main findings of the present research which aimed at discovering
what the system of circular material hubs in the Netherlands consists of. In the first part of
the chapter, a synthesis of the results presented in chapter 5 is provided. While the results
in chapter 5 are presented in a linear approach, one after the other, the synthesis provides a
more comprehensive look at the findings. Afterwards, the results will be reflected upon and put
in relation to findings from literature review. In this part of the chapter, the contribution of the
research is examined as well. This exploratory qualitative research on the system of circular
material hubs viewed through the lens of SPT provides useful information for both academia
as well as practitioners who are working in the field as it attempts to provide a first overview
of the system of circular material hubs and the connections within the system. For certain
aspects, such as the question of barriers, opportunities, and possible future developments,
the SPT lens was not applied as SPT cannot provide an answer to those questions. This is

therefore not research conducted entirely with SPT.

6.1.

Understanding of the system of circular material
hubs

Through the identification of practice performed
within the system of circular material hubs in the
Netherlands, a comprehensive view on the extent
of the system was possible, due to the unders-
tanding of a system as a connection of practices.
The research has shown that the system of cir-
cular material hubs is not limited to the location
of the circular material hub or the company it is
run by. Looking at the system through the lens
of SPT allowed us to understand the complexity
of the system by analyzing the interconnected-
ness between different practices which constitu-
te the system. Allocating those practices-as-ent-
ities in practice bundles allowed insights into the
complex structure. In addition, the interplay of
zooming out (practice-as-entities) and zooming
in (practice-as-performance) allowed a closer
look at those practices that have been shown to
have significant impacts on the rest of the system
through their different performances.

Synthesis of the findings

The practices that are part of the researched sys-
tem are not determined by whether they are per-
formed directly in the circular material hub or by
one of its employees. The system can therefore
be defined by the multitude of practices that are
interconnected with or influenced by practices
performed in circular material hubs. Understan-
ding that the system is not limited to the location
and does not necessarily have to have a direct
company affiliation is important to understand
the potentials that it creates. This also suggests
that circular material hubs and the system they
are embedded in have the potential to facilitate
a necessary transition towards more circularity
by connecting practitioners through shared links
and bundles of practices.

Identified practices

Different practices-as-entity and practices-as-
performance identified within this system are
interconnected and influence each other or are
part of the same practice bundle. There are cer-
tain practices and bundles of practices which are
performed at the circular material hub (e.g. prac-
tice bundle Il processing practice). There are
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practices which are performed by an employee of
a circular material hub, but not necessarily at the
location of the circular material hub (e.g. practice
bundle I: acquisition practice, which can be per-
formed in a building that is deconstructed). There
are practices which are potentially performed at
the circular material hub location, but not by an
employee of a circular material hub (e.g. a mate-
rial harvesting practice performed in a physical
shop). Finally, there are also those practices that
are not typically performed at the circular material
hub location (e.g. a circular design practice per-
formed in an architectural office) or do not have
to be performed there (e.g. a material scouting
practice performed online).

This means that practices that constitute the sys-
tem of circular material hubs do not necessarily
have to be performed directly in circular material
hubs.

Connection between different
practice bundles

practices and

Circular material hubs are often part of larger
companies which also run a demolition or de-
construction department. This results in a poten-
tial close and direct connection between circu-
lar material hubs and deconstruction projects.
Employees of circular material hubs do not only
perform practices directly at the circular mate-
rial hub location, but also at other locations, e.g.
when creating an inventory list at a deconstructi-
on site as part of the acquisition practice bundle.
Which building components are acquired during
the acquisition practice influences which building
components are available to be scouted by ot-
her actors in the construction industry during the
material scouting practice. The material scouting
practice, in turn, also influences the acquisition
practices, as the circular material hubs takes wis-
hes and preferences of their clients into account.
All practices which are (potentially) performed
as part of the acquisition practice bundle are a
first indication that the system of circular material
hubs is not limited to the location of the circular
material hub itself. After the building components
have been processed in the circular material hub,
they need to be sold. The question arises who
potential clients could be and how they can be
reached. These questions are targeted by prac-
tices performed as part of the sales practice
bundle. The preferred communication channel is
influenced by the target group, which in turn is
influenced by the building component that needs
to be sold. Building components are only rarely
sold directly at the physical location of the circu-
lar material hub but are more likely to be sold via

other communication channels. One of the most
important communication channels is the online
marketplace operated by the Insert Foundation.
It is used by most of the circular material hubs
and architects under investigation as it provides
an intermediary platform between the ones per-
forming a sales practice and the ones performing
a scouting practice. The sales practice bundle is
therefore characterized by two practices:

(1) The practice of choosing a client: Depending
on the building component, different customer
groups are targeted. Circular material hubs can
actively decide which target group to focus on,
depending on their preferred way to sell building
components. Clients can range from warehouses
to private individuals.

(2) Choosing a communication channel: Different
customer groups, which are, as mentioned be-
fore, influenced by the secondary building com-
ponent at hand, can be targeted through diffe-
rent communication channels. Warehouses, for
example, are targeted by direct communication
through phone calls, while material scouts from
the construction industry can be targeted through
Insert.

The communication channel chosen by the cir-
cular material hub employees as element of the
sales practice, in turn, influences the material
scouting practice performed by an actor in the
construction industry. This also influences the
circular design practice performed by architects.
Where secondary building components can be
found and how much data is available about them
are decisive factors for the performance of a cir-
cular design and material scouting practice. Ho-
wever, whether secondary building components
are included in a project does not depend solely
on the carriers of a circular design practice, but
also on clients, contractors, and the entire teams
around them. This means that architects can take
secondary building components into account in
their designs, but the actual implementation is in-
fluenced by other factors and players. Crucial are
also how much experience the respective parties,
and especially the contractors have and how the
use of secondary building components affects
the costs of the project, as it has been shown that
money is often still a decisive factor when it co-
mes to the reuse of building components.

6.2. Comparison and contribution to
literature

In academic literature, few studies can be found
on circular material hubs. Research that has
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been done on circular material hubs often focu-
ses on spatial parameters and locational prefe-
rences (e.g. Tsui et al.,2023; Yang et al., 2023;
Duarte et al., 2023). However, insights into the
entire context or system they are embedded in
are limited. This study takes a different approach
and looks at the entire system of circular mate-
rial hubs through an interplay of close and distant
perspectives that allow a new understanding of
the topic under investigation. It shows where it
is important to zoom in, where it is necessary to
pay more attention to and what differences the-
re are in practices between and within circular
material hubs. By exploring challenges, opportu-
nities, and potential future developments of the
system of circular material hubs, the view of those
active in the sector and their opinions, based on
what they experience in their daily work, indicates
where interventions might be needed and where
they potentially benefit the system.

In this section of the Discussion chapter, the re-
sults of the present study, as presented in chap-
ter 5, are put in relation to previous studies and
academic literature. Along with a comparison to
existing literature, this section also contains the
contributions of this research to the current state
of literature. The chapter is organized according
to three themes. First, a look is taken at the CE
(6.2.1), followed by the circular construction in-
dustry (6.2.2), and finally the application of SPT
(6.2.3).

6.2.3.1.

Economic opportunities

The circular economy

During the interviews conducted for this research,
it emerged that some interviewees believe that
circular material hubs will no longer exist in the
future as we know them today. From this finding,
the question arises how circular material hubs
can potentially develop and which role they can
play in a further advanced transition towards a
CE. Scholars such as van Buren et al. (2016) and
Ghisellini et al. (2018, as cited in Osobajo et al.,
2022) state that the transition towards a CE eco-
nomy can create economic advantages. In line
with this, the Dutch government also claims that
a CE creates new economic opportunities, €.g.
new markets and income streams (Ministry of In-
frastructure and Water Management, 2021). This
suggests that circular material hubs can poten-
tially take on other responsibilities in a changing
economy and construction industry. However,
the extent to which circular material hubs change
or need to change is not within the scope of this
research and therefore not discussed here.

One argument for a decreasing importance of
circular material hubs, as found in this study, is
an expected increasing importance of the origi-
nal producers of building components. Hart et
a. (2019), for example, state that producers who
work with alternative ownership models where
they sell a performance contracts instead of a
building components also need to consider fu-
ture dismantling, disassembly and upgrading.
This implies that producers are not only responsi-
ble for a product at the beginning of its life-cycle
or use time, but also at the end. This new respon-
sibility attributed to producers is also in line with
claims that can be found in academic literature.
Maitre-Ekern (2021), for example, states that EU
policy regulation must make sure that producers
(1) are responsible for their products at their end-
of-life and (2) are only allowed to bring durable,
reparable, and more and more sustainable pro-
ducts on the market. If we take a closer look at
(1), this raises the question of how the building
components are returned to the producers at the
end of their life. Even though, compared to ma-
terial hubs, circular material hubs are more con-
cerned with the provision of secondary building
components than with pure logistics, they are,
depending on the circular material hub, still ex-
perienced in logistics (Tsui et al., 2022). Circu-
lar material hubs could, for example, take on the
task based on their experience in logistics and
the handling of secondary building components
and established connections with other actors in
the construction industry. This suggestion was
made by a representative of a circular material
hub who could imagine the company becoming a
pure moving company that takes dismantled buil-
ding components back to the producers.

It can be questioned, however, whether circular
material hubs could possibly only be of dimi-
nishing importance in the context of a (circular)
construction industry, but not when it comes to
supporting building component reuse outside
this context. This means that the circular cons-
truction industry might benefit more from a sys-
tem of secondary building component provision
that is closer to the current linear one. Circular
material hubs can continue to be important or po-
tentially even gain in importance for smaller pro-
jects, for example for private use.

6.2.1. The circular construction industry
Circular material hubs

According to literature review, the main activities
in circular material hubs are “inspection, sorting,
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upcycling, preparation for reuse/recycle, reuse or
storage” (Karamanou, 2019, p. 10). This mainly
corresponds with the practices that were defined
as part of the processing practice bundle in this
research (cleaning, repurposing, separating, re-
cycling). However, this study also identified other
practices and activities which are carried out in
circular material hubs, by employees of circular
material hubs, or within the system of circular ma-
terial hubs. This can mainly be attributed to the
fact that the present study focused not only on
those practices that are carried out directly in the
circular material hub, but also on those that are
not necessarily carried out at the location. This
perspective can be explained by the understan-
ding of practices as constituting parts of systems,
which is fundamental to this study. As a result, the
system of circular material hubs is not limited to
the location and the practices that take place the-
re but is constituted by a multitude of connected
practices (see Watson, 2012 or Schatzki, 2016).
The study therefore proposes to expand the ab-
ovementioned list of activities that take place in a
circular material hub with practices and bundles
of practices that constitute the system of circu-
lar material hubs to gain a more comprehensive
understanding. The proposed additions are: (1)
acquisition practice bundle (inventory practice,
value calculation practice, client search practice,
price calculation practice, decision making prac-
tice), (2) sales practice bundle (activity of choo-
sing a client, online sales practice, offline sales
practice), (3) circular design practice, and (4)
building component scouting practice. While (1)
and (2) are typically performed by employees of
circular material hubs, (3) and (4) are generally
not performed by employees of circular material
hubs, but by architects or designers, material
scouts or other actors in the construction industry
such as contractors or clients. Additionally, it can
be said that (1), (2), and (4) can, but do not have
to be performed at the location of the circular ma-
terial hub, while (3) is typically never performed
at the circular material hub itself. The understan-
ding of the system of circular material hubs as a
connection of practices which do not necessarily
have to be performed at the circular material hub
itself allows to identify a wider range of practices
which are crucial for the development of circular
material hubs in the context of the transition to-
wards a circular construction industry and poten-
tial points or practices for intervention.

Online marketplaces

Circular material hubs such as the B2B hub inves-
tigated in this study actively choose to establish

closer cooperation with warehouses or producers
to avoid private individuals. To target clients from
the construction industry, the Insert marketplace
provides an effective solution as it is a B2B plat-
form. Ifthis resultis putin relation to the information
from the literature, it is possible to argued why. Li-
terature review has shown that designers typical-
ly acquire information about the primary building
components they intent to use through catalogu-
es, brochures, websites, or experts (Kozminska,
2019). The importance of available information is
also supported by Gorgolewski (2000, p.2) who
states that ,availability, supply chain, ownership,
detailing, codes and standards, acceptability,
and availability of information® are crucial for de-
cision making. This suggests that the designers
generally know where to find the information they
are looking for when it comes to primary building
components, e.g. on websites or in brochures
(Kozminska, 2019). But when it comes to secon-
dary building components, it is not as easy (Koz-
minska, 2019). The present study can support
this finding from Kozminska (2019). On the one
hand, it is unclear where exactly to search for the
building components and which ones are avai-
lable where they can be found. Additionally, and
here it is important to mention that this was one
of the main requirements from the interviewees,
enough information on the building components
must be communicated by the providers. The im-
portance of accurate information about the avai-
lable building components is also supported by a
study from Deweert and Mertens (2020). Deweert
and Mertens (2020, p. 55) state that the more in-
formation is provided, the easier it is for clients to
“envisage an effective reuse opportunity”. In line
with Deweert and Mertens (2020), the present
study also found that providing more information
equals more work, as all the characteristics such
as dimensions etc. must be compiled, photos ta-
ken and then uploaded. However, knowing that
this information is crucial for those performing a
material scouting practice, it can be argued that
the additional effort potentially leads to a higher
chance of attracting new customers, selling more
building components, and therefore increasing
building component reuse.

When looking at material offers on different on-
line platforms, it becomes clear that on some
platforms there is considerably less information
available than on others. While on Marktplaats,
for example, only the information that the pro-
vider wants to communicate needs to be made
available, the Insert marketplace requires a who-
le range of information that is specifically desig-
ned to provide customers from the construction
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industry with as much information as possible. In
line with Deweert and Mertens (2020), this study
found that next to the basic information such as
dimensions, material and amount, connection,
scratch resistance, translucency, RAW color,
number of colored layers and maintenance are
also interesting for those performing a scouting
or circular design practice. Deweert and Mertens
(2020), however, even go one step further and in-
clude the environmental impact and disassembly
recommendations in their list. This additional in-
formation could, for example, be also interesting
for future developments of the Insert platform or
of any other online marketplace where secondary
building components are offered.

Early collaboration

Shan (2023) states that material reuse and grea-
ter stakeholder awareness can be promoted by
circular material hubs. This study has found that
projects may start with high ambitions, but in the
end, it is often not possible to fully implement
the ambitious plans. The realization can be hin-
dered by a lack of or late collaboration, building
component availability, knowledge gaps, finan-
cial aspects and problems obtaining guarantees.
Hart et al. (2019) defined categories of barriers
and enablers of a CE based on the example of a
circular construction industry. According to this
categorization, enablers and barriers are of cul-
tural, regulatory, financial, and sectorial nature.
This duality can be explained by the fact that a
lack of enablers results in a barrier. This ambigui-
ty can also be seen to some extent, if not exactly
as in Hart el at. (2019), in the present study. While
a lack of collaboration is currently a challenge,
close collaboration between all project partners
at the beginning of a project is equally an oppor-
tunity to enable more circularity. Knowing which
barriers to building component reuse there are, in
turn, means that there is great potential for chan-
ging the situation as it can be seen as a starting
point for change. Hence, knowing why certain ac-
tors in the construction industry do not facilitate
building component reuse yet is a first step to tar-
get them and get them on board to scout secon-
dary building components from circular material
hubs. Hart et al. (2019, p. 624) state:

“A consensus appears to be emerging that whi-
le many technical and regulatory challenges re-
main, the real obstacles to a more circular built
environment are the cultural and financial / mar-
ket issues...”

This statement partly corresponds with the fin-
dings from the present study. All interviewees

working in the construction industry stressed the
importance of early collaboration. Involving cir-
cular material hubs from the start is particularly
important, as they often have close links to de-
construction companies, logistics knowledge
and connections to other actors in the construc-
tion industry. Additionally, it has been found that
the willingness to, and experience with reuse is
crucial. Contractors have a noteworthy influen-
ce on how circular a construction project is. This
influence of contractors also aligns with findings
from Ogunmakinde (2019). Little experience with
building component reuse and the focus on fi-
nancial matters can lead to decisions against cir-
cular solutions.

Legal restrictions

Literature on a circular construction industry and
building component provision has shown that
there is a gap between availability and demand,
as the amount of building components needed
for new construction projects is significantly grea-
ter than the supply of secondary building compo-
nents (Shan, 2023). Literature review has shown
that, depending on the building component, reu-
se or recycling is the preferred option. According
to Ogunmakinde et al. (2022), for example, for
windows and doors, reuse is preferred. Finding
from this research also show that doors and win-
dows are amongst the most popular products
for some of the circular material hubs under in-
vestigation. However, even though windows and
doors are most of the time available according
to representatives from circular material hubs, it
does not mean that those who are scouting buil-
ding components find what they need solely be-
cause of their availability. Leaving out the design
parameter and the question, whether the building
component fulfills all aesthetic requirements, le-
gal requirements potentially hinder their reuse, as
the measures sometimes do not match the cur-
rent regulations. This suggests that supply and
demand may exist, but if the current regulations
sometimes hinder the necessary flexibility. Hen-
ce, the positive aspirations cannot be put into
practice.

6.2.1.1.

The results of this study suggest that the perfor-
mance of a circular design practice itself, while
being very important and in need of further re-
search, does not appear to be the biggest barrier
to increased building component reuse, at least
not amongst designers who are willing to change
their design practice. Literature review has shown
that designers do not learn how to perform a cir-

Circular design
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cular design practice during their education or
in practice (Kozminska, 2019). As this study has
found that a circular design practice requires cer-
tain skills which are different from the ones that
are needed for the traditional linear design prac-
tice, it becomes evident that these skills must be
taught in education.

Two of the most important skills are creativity and
flexibility. Creativity, on the one hand, allows to
rethink the design process. It refers for example
to the questions: What can be achieved and done
with already available building components. How
can a design be created that does not start from
zero, but that starts form the secondary building
components that are available? How can secon-
dary building components at hand be reused in a
different setting or with a different purpose? Flexi-
bility, on the other hand, allows to adapt to the un-
certainty that comes with designing with secon-
dary building components. It allows to make the
changes that are necessary to continue a project
even when unforeseeable interruptions occur. If
all phases and especially the final design phases
are viewed dynamically, flexibility is inherently
considered throughout the entire project. Flexibi-
lity can be, for example, to create a basic spatial
concept with open spaces and openings without
defining the exact opening sizes or materials
from the outset. A need for those skills aligns with
a call from literature for a more conceptual level
of designing to cope with the unpredictable sup-
ply of building components (Kooter et al., 2021).

6.2.2. Social practice theory

The novelty of this study is to relate practices per-
formed within the construction industry to the sys-
tem of circular material hubs, instead of viewing
circular material hubs as a phenomenon limited
to its location. The study aimed at investigating
the system of circular material hubs in the Nether-
lands by detecting practices which are performed
within this system through a partial application of
SPT. This means that, compared to more traditio-
nal studies performed applying SPT, there was
not one predefined practice, e.g. using a laundry
(e.g. Mylan and Southerton (2018)), under inves-
tigation. Instead, different practices performed
within the same system were identified and stu-
died. Additionally, even though applying SPT to
the construction industry or an urban context is
not completely new (e.g. Smagacz-Poziemska et
al., 2020; Gherardi et al., 1998; Lowstedt, 2015),
it is also not a fully established field of application
yet. Therefore, by studying a construction related
topic through the lens of SPT, this study contribu-

ted to a greater establishment of the application
of SPT in construction industry research.

Applying SPT allowed to investigate a topic that
can be considered part of a more technical field
or nature, not merely from a technical nor merely
from a sociological perspective. By focusing on
practices and the connections between them,
and especially through the identification of their
elements (materials, meanings, and competen-
ces), it was possible to take a socio-technical
perspective on the phenomenon. This means that
it was possible to identify the motivation behind
the performance of a practice (meaning), while
also identifying the skills and competences (com-
petences) and the mostly but not exclusively phy-
sical things that are needed for the performance
(materials). By focusing neither on the merely
organizational characteristics of circular material
hubs (e.g. spatial parameters and factors influ-
encing site selection, e.g. Tsui et al.,2023; Yang
et al., 2023; Duarte et al., 2023) nor on their ty-
pological differences (e.g. Nieuwhoff, 2022), but
rather on the entire system they are embedded
in, allowed to extend the view on circular material
hubs beyond their location.

While SPT is sometimes criticized for only being
applicable to local or small phenomena, this opi-
nion is not held by some scholars (e.g. Schatzki,
2016; Watson, 2012) and the present study also
contributes to demonstrating that larger pheno-
mena can indeed be investigated using SPT by
viewing practices as part of larger systems. Se-
veral authors explore practices that are small or
local phenomena, e.g. cycling (Spotswood et al.,
2015), cooking and eating (House, 2019; Twine,
2018), using a laundry (Mylan and Southerton
(2018), ballet dancing (Mdller, 2017), or Nordic
Walking (Shove & Pantzar, 2005). That SPT is well
applicable those small or local phenomena, can
be argued by certain observable features such as
“regularity, habitual nature, repetitiveness, (and)
recursivity” (Bourdieu, 1990; Giddens, 1984; T.
R. Schatzki, 2002; Reckwitz, 2002 as cited in
Smagacz-Poziemska et al., 2020, p. 66). Howe-
ver, it can also be argued that viewing practices
as constituent parts of systems allows to explo-
re larger social phenomena (e.g. Watson, 2012;
Schatzki, 2016).

Therefore, instead of viewing circular material
hubs purely as a location where secondary buil-
ding components are processed, stored, and
prepared for reuse, they are considered part of
a bigger system. Similarly, although in a different
field of research, Watson (2012) has looked at
how SPT can support a socio-technical transition
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through a systems of practice approach. Watson
(2012, p. 495) argues that the identification of “the
complex constituents within practices, (...) and
the ways in which they bundle one with another,
it is possible to identify intervention points which
have the potential to initiate or add momentum to
positive feedback processes, not only at the level
of everyday travel practices, but affecting practi-
ces throughout the socio-technical system.” This
study supports the approach of Watson (2012)
and argues that a comprehensive understan-
ding and consideration of the influences between
practices performed at circular material hubs and
other practices which are connected to building
component reuse (e.g. circular design practice or
scouting practice), as well as the practice bund-
les that are formed within the system, is important
to find potential points for interventions to facili-
tate a positive development and contribution to
a transition towards more circularity in the cons-
truction industry.

To identify the practices which constitute the sys-
tem of circular material hubs, the focus of this
study was mostly on practices-es-entities and the
practice bundles they are part of. Spurling et al.
(2013) argue that focusing on practices-as-ent-
ities helps to identify points for intervention and
avoid that the focus in social change is placed
too much on practices-as-performance and the-
refore mainly individual behavior. This means

that, to identify potential interventions, it is import-
ant not to focus too much on the individual per-
formances of a practice, but rather to look at the
practices-as-entities that are a result of the vari-
ous performances. However, it was still conside-
red important to zoom in and out where needed
to identify the practices-as-entities, practices-as-
performance, and practice bundles that consti-
tute the system (Higginson et al., 2015). For the
present research, it was important to understand
the overall practice-as-entity to identify where po-
sitive interventions can be made, while also not
ignoring that certain practices, such as the sales
practice, need a more zoomed in view to unders-
tand the differences in their performance and the
interventions that might depend on the perfor-
mance itself. Coming back to the example of the
sales practice, this study argues that understan-
ding the difference between the performances of
an online and offline sales practice is needed to
identify multiple layers of intervention which are
specific to the respective performance. Never-
theless, while the differences the performances
of a sales practice are crucial to identify targeted
interventions, the exploration of the system of cir-
cular material hubs itself needs benefits from the
understanding of a sales practice-as-entity due
to its connection to other practices-as-entities wit-
hin the system.
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7. CONCLUSION

The Conclusion chapter takes a final look at the entire research. While the discussion chap-
ter reflects on the results of the research, the conclusion chapter contains a reflection of the
entire research process. First, the four sub-research questions are addressed, followed by a
reflection of the limitations of this study, recommendations for circular material hubs providers
and other practitioners in the construction industry, policy recommendations and finally sug-

gestions for future research.

The construction industry consumes large
amounts of resources while also creating a sig-
nificant amount of construction and demoli-
tion waste (C&D waste), carbon emissions and
greenhouse gases emissions. This calls for new
strategies to minimize the environmental impact
of the construction industry. Instead of discarding
building components after their first life cycle, it
is crucial to reuse them. Circular material hubs
are a potential solution. In academic literature,
little can be found on the topic of circular material
hubs and especially on the system of circular ma-
terial hubs. Even though places where building
components get processed and resold alrea-
dy exist for longer, circular material hubs as we
know them today, including their business case
and field of activity only emerge in recent years.
This exploratory study aimed at investigating the
system of circular material hubs in the Nether-
lands to understand the extent to which it facilita-
tes the transition towards a circular construction
industry. Therefore, the main research question
was as follows:

What does the system of Circular Material Hubs
in the Netherlands currently consist of, and which
practices performed within this system facilitate
material reuse in the Dutch construction industry?

The research question was investigated through
four sub-questions, which were formulated to co-
ver all important areas of the research. The sub-
questions for this research are answered in the
next section of this chapter.

An exploratory qualitative research approach was
chosen to obtain fundamental information about
the system and to lay the foundation for future
research. The theoretical framework developed
around Social Practice Theory (SPT) allowed to
look at a more technical topic, namely the reuse
of building components, through a socially orien-
ted lens. Semi-structured interviews with thirteen
representatives of the construction industry all-
owed to identify different practices, bundles of
practices and performances of practices (practi-
ce-as-entity and practice-as-performance) which
are crucial to understand and define of the sys-
tem of circular material hubs.

7.1.

In the following, each sub-question will be answe-
red separately:

Research questions

SRQ1: Which practices are performed in circular
material hubs to reintroduce secondary building
components into the material cycle and make
them available for reuse?

Circular material hubs perform a range of prac-
tices to reintroduce secondary building com-
ponents into the material cycle. Not all of them,
however, have to be performed directly at the cir-
cular material hub. Three different practice bund-
les, which are important for the reintroduction of
building components into the material cycle, can
be distinguished. These practice bundles are:
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o Practice bundle |: acquisition practice
o Practice bundle Il: processing practice
o Practice bundle IlI: sales practice.

Each of the three bundles is composed of multip-
le different practices. In the following, each bund-
le is explained.

Practice bundle I: acquisition practice

The practices which are part of the acquisition
practice bundle can, but do not have to be per-
formed in a circular material hub. This can be ex-
plained by the fact that the practices are perfor-
med partly on the deconstruction site and partly
in the circular material hub itself. To elaborate:
When secondary building components are har-
vested from deconstruction projects, a circular
advisor, i.e. a circular material hub employee,
visits the site and creates an inventory list of all
building components that become available. This
means that the circular advisor performs an in-
ventory practice, which forms the basis for other
practices that are part of the acquisition practi-
ce bundle. This inventory list can then be used
to calculate the value of the released secondary
building components. This means that the value
calculation practice is performed to calculate how
much money the circular material hub can earn
by selling the available building components. The
decisive factor here is that the person performing
the practice knows which building components
are popular amongst clients and how much can
be asked for them. Once it becomes clear which
secondary building components become avai-
lable, and for how much they can be sold, the
circular material hub employees already start l0o-
king for potential customers.

Customers are mainly trading companies or fixed
partners. If the building components can alrea-
dy be sold at this stage, this means less work for
the circular material hub, as the building compo-
nents do not have to be transported to the hub.
At this stage, the price for the deconstruction of a
building is calculated. Customers are mainly tra-
ding companies or fixed partners. If the building
components can already be sold at this stage,
the circular material hub has less work to do,
as the building components do not have to be
transported to the location of the hub. As circular
material hubs are often part of a company that
also has a demolition or deconstruction depart-
ment, the amount that can be generated from the
sale of the building components determines how
much the company charges for the dismantling of
a building. In the end, it has to be decided whet-

her the circular material hub accepts or declines
the secondary building components that become
available. For this, it is important to know whether
there will be a market for the respective building
component or not. This means that only those
building components that are expected to be
sold quickly are accepted, as it should be avoi-
ded that the components remain in the circular
material hub for too long.

Practice bundle IlI: processing practice

The accepted building components that have not
been sold beforehand are transported to the cir-
cular material hub. All practices that are part of
the processing practice bundle are performed in
the circular material hub. The practices included
in the processing practice bundle can but do not
have to be performed. Which practice is carried
out depends on the building component and how
much and what processing it requires before it
can be reintroduced into the material cycle. This
means that some building components only need
to be cleaned, which requires a suitable cleaning
construction, while others are processed into a
fundamentally different building component. This
is the case, for example, when a door is conver-
ted into a tabletop.

Practice bundle lll: sales practice

When the building component is ready to be rein-
troduced in the material cycle, a so-called sales
practice needs to be performed. The meaning
behind this practice is, as the name suggests,
to find a buyer and sell the building component.
A fundamental distinction can be made between
offline and online sales practices. Which commu-
nication channel is chosen depends on the buil-
ding components and the selected target group.
Considerations that are important for this decision
are for which target group they are relevant, who
is willing to buy secondary building components,
and an active decision of the circular material hub
providers for or against a specific target group.
As an example, fixed partners and warehouses
are preferably addressed through an offline sales
practice by calling them directly, whereas other
players, such as building component scouts or
architects are more likely to be reached through
online marketplaces. This can be explained by
the fact that it is easier for this target group to
search for suitable building components on a
common sales platform than to go directly to a
hub. However, if private customers should be ad-
dressed, physical stores are also suitable, as a
close customer contact can be established more
easily in a store.
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SRQ2: Which practices performed in circular
material hubs facilitate the reuse of building
components in circular designs?

Circular material hubs can facilitate the reuse of
building components in circular design practices
mainly in three ways.

First, those performing a circular design practice
and those scouting building components need as
much information as possible about the secon-
dary building components that are available. Cir-
cular material hubs must provide at least basic
data such as dimensions, material, connection,
amount, and a photo. Nevertheless, the motto
is: the more the better. That is why details such
as scratch resistance, translucency, RAW color,
number of colored layers and maintenance are
also interesting. Providing all this information
means more work for the circular material hub
employees, but for those searching for seconda-
ry building components, it facilitates the process
and improves their understanding of the building
component.

Second, it is beneficial if circular material hubs
offer their secondary building components in on-
line marketplaces which are shared by multiple
providers. For those performing a circular design
practice or material scouting practice, it is easier
to check one online platform where a wider range
of secondary building components is offered rat-
her than visiting separate online shops from diffe-
rent providers. In addition, a larger range of offe-
red secondary building components also means
that customers are more likely to find what they
are looking for, which in turn might increase the
amount of building components that are reused.

Third, as architects are visual and prefer to view
the building components in real life if possible,
they benefit from an online inventory of the offer
available at a circular material hub. Checking
which building components are available online
before visiting the circular material hub means
that those performing a circular design practice
or scouting practice can free up time for other
tasks. This means that maintaining an online da-
tabase can be useful for clients and allows them
to assess whether the offer of a circular material
hub matches their needs. This makes it easier to
find building components and provides a better
overview of what is available.

To conclude, circular material hubs can facilita-
te the reuse of building components in circular
design practices by (1) providing as much infor-

mation as possible, (2) selling on shared online
marketplaces, and (3) providing an online inven-
tory list of what is available at the circular material
hub. Mainly for (1) and (2), but potentially also
for (3), the Insert marketplace can play a key role
as it was shown that many architects (and hubs)
already use this online marketplace.

SRQ3: Which different building component
scouting practices are there in connection to
circular material hubs?

This research found that for the exploration of the
system of circular material hubs in the Nether-
lands the following two performances of a buil-
ding component scouting practice are especially
interesting: first, scouting building components
offline, and second, scouting building compo-
nents online.

Where building components are scouted de-
pends on the project. Offline, building compo-
nents can be scouted from donor buildings,
directly at circular material hubs or at physical
shops run by them, and by using the scouting
service of the Insert Foundation. Online, building
components can be scouted from online market-
places and online shops.

Building components tend to get scouted from
donor buildings when there is some kind of con-
nection between the deconstruction project and
the new construction project, e.g. through the
contractor or client. In this case, the carrier of the
practice visits the donor building, one or multiple
times, makes an inventory of the building compo-
nents that become available and decides which
ones are interesting for the new project. To de-
cide for or against building components, tools
such as decision tree charts can be used. If the
scouting practice is carried out by architects,
visiting the donor building multiple times during
while performing the practice allows to think their
potential future use while seeing them still built in.

Visiting circular material hubs without having the
possibility to check their offer online beforehand
is less preferred amongst practitioners, as it is not
clear, whether the offer matches the demand. Vi-
siting a circular material hub takes time which can
potentially be used for other tasks, hence, combi-
ning offline and online performance by checking
the availability in an online inventory beforehand
is preferred.

Physical shops are the third possibility for scou-
ting building components offline. From the per-
spective of the provider the advantage of phy-
sical shops is that a close connection between
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client and provider can be established. This
study, however, does not have further information
on this from the carrier of the offline harvesting
practice itself.

Online building component scouting practices
are often performed using the online marketplace
operated by the Insert Foundation. Due to the
characteristics of the platform, the combination
of building components offered by multiple pro-
viders and the variety of information that must be
provided about the building components makes
it a preferred platform for those carrying out a
scouting practice.

The building component scouting practice can
be performed by the following carriers: archi-
tects, material scouts, contractors, clients, the
Insert Foundation. Even though SPT research
does not focus on the carrier of a practice, but
rather on the practice itself, this study still wants
to emphasis the impact the carrier itself has on
the performed practice. Due to their big network,
contractors can, for example, impact the scou-
ting practice either by offering a donor building or
by connecting different (potential) carriers.

SRQ4: What are opportunities, challenges, and
potential future developments of circular material
hubs in the Netherlands?

The interviews also allowed to identify opportuni-
ties and challenges as well as future visions for
circular material hubs.

Challenges identified during the research are (1)
the irregular assortment of circular material hubs
due to their dependency on deconstruction pro-
jects, (2) the degree of uncertainty and the resul-
ting need to stay flexible, (3) missing collabora-
tions at the beginning of a project, (4) potential
higher costs, (5) the question who provides a
guarantee on the reused building components as
well as (6) guidelines and regulations which are
not strict enough to increase reuse.

Opportunities, on the other hand, are related to
(1) the potential all interviewees see in govern-
mental decisions, (2) collaborations between the
parties involved early on in a project, (3) the pro-
vision of information and knowledge on available
building components, including where they can
be found as well as detailed information about
them, and (4) the further development of the In-
sert marketplace, which already implements what
many interviewees are calling for, namely a single
platform where building components from multip-
le providers can be found.

The possible future developments identified in
this research can also lead to new economic op-
portunities for circular material hubs. There is a
general belief that the construction industry will
or must transform in such a way that circular ma-
terial hubs and marketplaces are potentially not
needed in the future anymore as we know them
today. More efficient ways of providing seconda-
ry building components are expected, which po-
tentially make the need for circular material hubs
and marketplaces redundant. In line with this, it is
assumed that the role of producers in the provisi-
on and use of reusable building components will
change. This also requires them to take respon-
sibility for the materials they use in their products
and their reuse potential. Circular material hubs,
however, could potentially act as a connection
between deconstruction project and producers
by bringing dismantled products back to the pro-
ducer. Exploring options for further development
of business cases was outside the scope of this
study.

7.2.

The findings of the present research do have
some limitations which are explained below.

Limitations

Social practice theory

The theoretical framework of this research is ba-
sed upon SPT. The SPT lens proved to be helpful
in gathering an in-depth view on the practices
and the connections between practices perfor-
med within the system of circular material hubs.
This allowed different parts of the system to be
connected to each other and shows how they po-
tentially influence each other. However, it must be
noted that this study is only partly related to SPT.
This means that even though SPT was chosen as
a lens to look at the phenomenon of circular ma-
terial hubs and the system they are embedded
in, the research also partly aimed at investigating
questions which cannot be answered with a SPT
approach. SPT helps to understand the connec-
tions between practices performed within the
system of circular material hubs, as it allows to
understand the social dynamics within a specific
setting. However, it does not allow to assess (1)
challenges, (2) opportunities, (3) potential future
developments, and (4) the influence of circular
material hubs in the transition towards a more cir-
cular construction industry. Challenges, opportu-
nities, and potential future developments cannot
be assessed utilizing SPT as they are not prac-
tices that can be identified by looking at them
through a SPT lens. Therefore, these questions
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were investigated by asking interviewees directly
about their opinions and experiences in terms of
challenges and opportunities and their view on
potential future developments.

Data gathering method

An exploratory qualitative research design was
chosen due to the relatively little knowledge that
is available on the topic of circular material hubs
in current research outputs. Semi-structured in-
terviews were chosen to collect qualitative data
relevant for this study. However, by collecting
data through interviews certain limitations had to
be accepted.

(1) First, the data quality can vary depending
on the skills and experiences of the interviewer
(Kumar, 2011). An interviewer who is more expe-
rienced in SPT and in asking questions to identi-
fy practices performed by the interviewee might
have gotten different or more in-depth results.
Interviews conducted under the lens of SPT ad-
ditionally require special skills such as “authentic
wonderment that gives the obvious and the or-
dinary the status of unobvious, interesting and
important matters” (Smagacz-Poziemska et al.,
2021). As this was the interviewer's first expe-
rience with SPT, this requirement was not always
met. As a result, questions could have been tar-
geted better towards getting a more in-depth un-
derstanding of each element (meaning, material
and competence) of a practice. As this study is
only partly related to SPT, and practices perfor-
med within the system of circular material hubs,
the interviews were not fully centered around the
practices performed by the interviewees. The
other focus of the interviews was on identifying
challenges, opportunities, and potential future
developments of circular material hubs and the
system they are embedded in. Interview questi-
ons targeted to obtain answers to this part of the
research were not created under the lens of SPT.
Due to the two main areas of focus of this study,
on the one hand the practices and on the other
hand the challenges, opportunities, and poten-
tial future developments, it was necessary to find
a balance between both of them when creating
the interview questions and conducting the inter-
views.

(2) Second, interviews have certain inherent
limitations, as they are never objective but reflect
the subjective opinion of the interviewee. There-
fore, interviews with different interviewees poten-
tially identify different practices. Of course, this
research aimed at identifying different practices,
performances of practices and practice bundles.

However, a more in-depth analysis of the prac-
tices, performances and finally also practices
bundles would be needed to validate their rele-
vance.

(3) Ideally, the practices identified in this re-
search would have been performed by the re-
spective practitioner during the interview to, for
example in form of a walk along interview. The
present research, however, identified practices
based on detailed descriptions provided by inter-
viewees. A circular design practice is performed
over a longer period, as architectural designs
are not created in one day only. Therefore, it was
more helpful for this exploratory research to get a
detailed description of the whole practice rather
than just a snapshot of a specific point in time of
the practice. However, to get a deeper unders-
tanding of different performances of a circular
design practice, it would have been beneficial to
conduct interviews while the practice is perfor-
med. Including observations would have allowed
the interviewer to identify different materials of a
practice which might have not been communica-
ted by the interviewee due to several reasons.

(4) Practices performed by employees of cir-
cular material hubs were identified by intervie-
wing employees in management positions. This
allowed gathering data on a variety of practices.
However, the focus was on practices performed
by employees in management positions. Since
these employees are typically not working direct-
ly with secondary building components, less in-
formation about practices that are performed by
manual laborers was collected. Therefore, con-
ducting walk along interviews with workers in the
circular material hub and observing the practices
performed by them would have added another
layer of detail to the results.

Sample population

The sample population consists of five circular
material hub representatives from four circular
material hubs, four architects and three experts.

The circular material hubs were chosen to re-
present a variety of circular material hubs in the
Netherlands. This means that they were selec-
ted according to their specifications, e.g. which
building components they handle or their target
group. Despite certain similarities, there are also
major differences between the circular material
hubs under investigation. Circular material hubs
with different priorities and sizes were delibera-
tely selected to provide a broad overview of the
entire system. There is, for example, only one
circular material hub which does not sell to pri-
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vate individuals and only one which repurposes
building components into new furniture. These
differences were intentionally sought to represent
a greater variety of circular material hubs and to
collect a wider range of information. The collected
data complement each other and together allow
an exploration of the entire system. Despite the
steps undertaken in this study being replicable,
the results can be expected to vary depending
on the circular material hubs under investigation
due to the exploratory and quantitative nature of
the study. Studying a greater variety of circular
material hubs could have resulted in a broader
view on the system of circular material hubs in
the Netherlands. An even more diverse sample
of circular material hubs, however, exceeded the
scope of the present study for time and personnel
reasons.

All architects included in the study are aware of
the environmental impact of the construction in-
dustry and the need to transition to a circular eco-
nomy. This allowed to discover information about
their circular design practice, as they are already
designing with secondary building components
on a regularly basis. It was intentional to only se-
lect those architects who are already part of the
system of circular material hubs to explore the
current state of the system. Including architects
who are not or not regularly performing a circular
design practice to investigate their relation to the
system of circular material hubs was outside the
scope of this study.

A sample population including contractors, ma-
terial scouts and producers would have allowed
to create a bigger picture which takes more per-
spectives into account. Despite these stakehol-
ders being part of the system, they have only
been covered superficially in this research. It has
been shown that these stakeholders are import-
ant constituents of the system, but their import-
ance was only explored from the perspective of
the architects and circular material hub repre-
sentatives. However, investigating the system of
circular material hubs by actively including these
stakeholders would have allowed to gain a more
comprehensive understanding of the system.

Location differences

The results may also vary depending on the area
or country of implementation. The results refer to
the present context, namely the geographical res-
triction to the Netherlands. As the Netherlands is
one of the leading countries in transition towards
material reuse and circular economy transition, it
was relatively easy to find potential participants

who fit into the scheme and already work with
secondary building components (getting these
people to take part in an interview is a different
matter). In countries with a more advanced or a
less advanced circular economy, the results may
be different due to a different system in which cir-
cular material hubs are embedded.

7.3.

Research into the system at circular material hubs
has shown that the system extends beyond the
actual circular material hub location. The recom-
mendations are designed to facilitate the transi-
tion towards a circular construction industry by
supporting material reuse and the integration and
expansion of activities of circular material hubs.

Recommendations

Recommendations for circular material hubs

(1) The first recommendation concerns the
identification of client needs. It has been shown
that circular material hubs do not generate a
particularly high profit. Yet they are operated be-
cause all representatives agree that the reuse of
building components is necessary. To expand
their operations, it is recommended to get a bet-
ter understanding of target groups, clients’ needs
and adapt their sales practice according to it, i.e.
which communication channel targets which tar-
get group. Circular material hubs which target cli-
ents from the construction industry must be awa-
re of two things: (1) those clients need to have
detailed information data about the secondary
building component (dimensions, connections,
color, etc.), (2) they prefer harvesting building
components on one shared platform rather than
multiple small ones. Therefore, greater empha-
sis should be on collaborations between multiple
circular material hubs to sell secondary building
components on one shared platform. The online
marketplace from Insert meets the requirements
for such a platform. Using the Insert marketplace
has two advantages for circular material hubs: (1)
they do not have to maintain a platform themsel-
ves, (2) they simply need to upload the construc-
tion components they want to sell, and (3) they
are more likely to be discovered by chance by
other customers of the online marketplace.

(2) The second recommendation concerns
the adaption of the circular acquisition process.
The construction industry is slow to change. To
drive change regarding the use of secondary
construction components, it is recommended to
adapt the circular acquisition process to the line-
ar one as much as possible. Acquiring secondary
building components should not be much more
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difficult or time-consuming than primary buil-
ding components. Therefore, the circular system
needs to be adapted in such a way that choosing
secondary building components does not take
more time or effort. To do so, it is recommended
that circular material hubs cooperate with larger
warehouses and as mentioned above, offer se-
condary building components together with other
suppliers on one sales platform.

(3) The third recommendation concerns the
development of new business cases. Circular
material hubs potentially no longer exist in the fu-
ture as they do now. It can be assumed that there
is a change in the entire system. Therefore, cir-
cular material hubs need to ask themselves how
they can develop and stay relevant. This can, for
example, imply the development of new business
strategies. They can use their accumulated know-
ledge and skills to support other, newly emerging
companies, e.g. harvesting secondary building
components for specialized companies or taking
over their logistics.

(4) The fourth recommendation concerns
an extended employment of people with a dis-
tance to the labor market. Circular material hubs
frequently employ people with a distance to the
labor market. The decision to hire workers with a
distance to the labor market can be of social or
financial nature, but in any way, it is an important
contribution to our society. Therefore, expanding
the employment possibilities of people with a dis-
tance to the labor market is recommended. To
do this, it is necessary to find out in which other
areas they can be involved and subsequently of-
fer the necessary training.

Recommendation for other practitioners

(1) The first recommendation concerns the
education of architects. The findings suggest that
carriers of a circular design practice need to be
flexible and creative. Therefore, it is recommen-
ded to incorporate circularity into the education
of architects right from the start. It is suggested to
transform both bachelor’s and master's degrees
in architecture, while putting a greater emphasis
on bachelor students. This is argued with the fact
that bachelor students are still at the beginning of
their academic education, which potentially gives
them more time to become familiar with a circu-
lar design practice. In addition, it is possible that
some students have not yet had any contact with
circularity, while others are already more familiar
with this topic. At the beginning of the bachelor's
program, it can therefore be ensured that relevant
courses are offered that are designed to provide

all students with the same level of knowledge. To
educate practitioners who perform a circular de-
sign practice instead of a linear design practice,
it is necessary to investigate the impact of current
efforts at Dutch universities. This forms the basis
from which the transformation can eventually take
place.

(2) The second recommendation concerns
the clarification of scouting options by those con-
ducting a building component scouting practice.
It must be clear where secondary building com-
ponents can be found and how best to approach
the scouting process to achieve the best possible
outcome. Those conducting a scouting practice
should be provided with an overview of online or
offline sites where building components can be
found. It should be specified which building com-
ponents are offered. While it is of course not pos-
sible to specify exactly what is offered, the basic
differences such as building component catego-
ry can be addressed. For easier communication
and practicability, it is recommended that there
are specific records of the procedure within the
company so that the practice can be carried out
equally by all potential carriers.

Policy recommendations

The participants of this research agreed that the
government has the power, and must also use
this power, to increase material reuse through
regulation and legislation. The government must
actively create regulations that demand and pro-
mote circularity. As in all other industries, profit,
and financial benefits also play an important role
in the construction industry and especially in de-
cision making. It has been shown that new cons-
truction components are used if they are cheaper
than secondary ones. Therefore, choosing se-
condary building components must bring either
financial or economic advantages (or other ad-
vantages which are strong enough to persuade
those actors who do not care about environmen-
tal matters).

(1 The first recommendation concerns the
dismantlability and detachability of building com-
ponents. It is advised that only building compo-
nents that can be dismantled or detached may
be produced. Additionally, these building com-
ponents must consist to a high degree of secon-
dary materials. Building components that must
be disposed of after their first life cycle due the
material quality issues or the way they were built
must be permitted. Instead, building components
must be detachable to enable exchanges where
needed. This also aims to increase the responsi-
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bility and accountability of producers during the
entire life cycle of the building components.

(2) The second recommendation revolves
around incentives for material reuse. As men-
tioned before, incentives need to be created to
increase building component reuse. However,
these incentives do not necessarily have to be
of direct financial nature (but can indirectly lead
to monetary savings). To provide an example:
Construction projects that have a higher propor-
tion of secondary building components are pro-
cessed faster and receive feedback (approval/
denial) more quickly. If the decision is positive,
the construction projects can be started much
faster. This example is merely intended to show
in which direction incentives can possibly go.

(3) The third recommendation addresses
the specified regulations in relation to sizes etc.
The goal is to create regulations which support
building component reuse. However, it has been
shown that certain regulations potentially prevent
reuse. For example: Current regulations stipulate
certain dimensions for certain building compo-
nents. At the same time, dimensions of building
components change over time. As a result, past
dimensions may not correspond to current spe-
cifications and can therefore not be used, even if
their quality would still match current regulations.
Therefore, the regulations should be relaxed or
there should be regulations specifically designed
for secondary construction components.

(4) The fourth recommendation targets the
Dutch housing program (Programma Woning-
bouw). In 2022, the Ministry of the Interior and
Kingdom Relations stated that half of the annual
housing production shall be achieved through cir-
cular and industrial construction by 2030. In this
case, circular construction is related to industrial
construction, including digitalization, automation,
unification, and standardization. To also place a
targeted focus on materiality, it is recommended
to specifically mention secondary building com-
ponents to promote their reuse.

7.4.

The highly explorative and qualitative nature of
this research has laid the foundation for further
studies on circular material hubs and the transi-
tion towards a circular construction industry. The
findings and limitations of this study also raised
further questions that are relevant for future re-
search.

Future research

(1) This study represents a great variety of
circular material hubs that can be found within

the system of circular material hubs in the Net-
herlands. However, it does not claim to represent
the entirety of existing circular material hubs, but
rather describes the phenomenon of circular ma-
terial hubs based on a range of selected circular
material hubs. To get an even more in-depth un-
derstanding of the Dutch system of circular mate-
rial hubs, it is recommended to repeat the study
with a more diverse sample of circular material
hubs. Rather than putting the focus on the num-
ber of circular material hubs under investigation,
i.e. aiming for a sample including more circular
material hubs that are similar to the ones studied
in the present research, itis recommended to aim
for a greater variety.

(2) This study explored the system of circular
material hubs in the Netherlands. On an interna-
tional level, the Netherlands is one of the top na-
tions when it comes to secondary raw materials
use. This means that the circular material hubs
investigated in this study are part of a construc-
tion industry which has already moved further to-
wards a circular construction industry than in ot-
her countries. In addition, a great amount of other
academic literature on circular material hubs also
refers to the Dutch or northern European context.
To better understand the system of circular ma-
terial hubs and to transfer it to an international
European context, further research is needed in
countries that are less advanced in terms of cir-
cularity. A recommended research question is:
“How does the system of circular material hubs
in the Netherlands differ from the system in other
European countries?” (Add a country if it is possi-
ble to find an aspect that makes the Netherlands
unique) For such a research, a case study ap-
proach is recommended.

(3) Circular material hubs help to make se-
condary building components more accessible to
actors in the construction industry. However, ac-
cording to a circular material hub representative,
there are more efficient ways to handle seconda-
ry building components than at circular material
hubs. At the same time, the present study found
that some interviewees think that circular material
hubs will not exist in the future as we know them
today. This can, to a certain degree, potentially be
connected to an increasing importance of produ-
cers. This leads to the following question: “What
does a more efficient system of secondary buil-
ding component distribution look like?”. This re-
search question aims to address whether circular
material hubs are an efficient solution for the dis-
tribution of secondary construction components
and whether this can be made more efficient by
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involving other actors, such as producers, so that
the transition to a circular construction industry
goes faster.

(4) Following up on the research explained
above, the question arises how circular materi-
al hubs can change their business case accor-
ding to the changes that come with a transition
towards a circular construction industry. In case
circular material hubs will not exist as they do
now, the question arises how their accumulated
knowledge and their network can still be used to
facilitate a circular construction industry. There-
fore, the following question arises: “Will circular
material hubs become less important in the future
and if so, which other business strategies can
they adopt to contribute to a circular construc-
tion industry?” For such an explorative research,
it is suggested to conduct interviews with circular
material hub providers, producers, warehouse
operators, building component scouts, contrac-
tors and architects.

(5) The study found that stronger collaborati-
ons at the beginning of a construction project are
important to make sure that circularity is consi-
dered throughout all stages. This has raised the
question of how stronger connections between
circular material hubs can help to increase the
reuse of building components and facilitate the
transition to a circular construction industry. This
leads to the following research question: “To what
extent would a stronger collaboration between
circular material hubs be beneficial for increa-
sed use of secondary building components?” As
this study only conducted interviews and did not
bring together two or more circular material hub
representatives, it is suggested that future re-
search holds a focus group to discuss the poten-
tial advantages and disadvantages of stronger
connections. A co-creation session can then be
held to work out how this collaboration can be im-
plemented.
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APPENDIX A - PERSONAL
REFLECTION

In this chapter of my thesis, | want to reflect on my personal journey over the last twelve months. De-
spite all other chapters being developed around the topic of research, this one is intended to provide
some insights into my very personal experiences, learnings, struggles and take aways. Each section
is structured roughly the same way: first, | will reflect on a certain topic, provide my view on it, what |
could have done differently, what | have learned, and | can use the experience in the future.

My experience with academic writing

Going into this thesis, | did not have a lot of experience in academic writing. My bachelor's degree
focused on gaining design skills and learning how to develop and communicate architectural con-
cepts, build models, and study architectural history. Academic writing, however, was hardly touched.
Hence, up to February 2023, the month | started working on my thesis, the only experience | had was
what | have learnt in the previous one and a half years of my MSc MADE education. Right from the
beginning | knew that there is a lot | have to learn while writing my thesis. It took me a long time, until
the end of my thesis process, to understand which points should be dealt with in which chapter. Even
though there is still a lot to learn, improve, and practice until | feel comfortable writing a research re-
port without questioning what to include in each chapter, | am proud of the progress | made over the
last twelve months. Compared to the knowledge | had at the beginning of my thesis process, my skills
improved due to the regular support of Mart and Bas, and various online platforms which are speciali-
zed in explaining the structure of academic reports. By discussing the structure of each chapter over
and over again, Bas and Mart helped me to gradually realize how the chapter organization could be
improved. | am intentionally writing could rather than should here, as | have also learnt that there is
not one single guideline to follow. As Mart mentioned once, it also depends on the researcher whether
certain contents are discussed in one chapter or another. However, it is precisely these opportunities
to adapt the structure to your own preferences and research that made writing my Master's thesis a
challenging but yet rewarding process.

Learning: Writing each chapter of a thesis is an iterative process. Sometimes it is an effort to delete a
paragraph completely when you have already put a lot of work into it. Nevertheless, being able to let
go and take on a new perspective to improve your own work is a valuable skill.

Overcoming struggles

Working on a graduation project is not a linear process. Sometimes there are lows, characterized by
doubts and struggles, when you are at the limits of giving up. But there are also highs, characterized
by the feeling that you achieved something you are proud of or that you managed to do something
that before seemed impossible. For the longest time, the lows outweighed the highs and there were
many hurdles along the way that | did not expect before | started working on my thesis. But when |
realized that | could do it and that | could finish what | had started, things started to improve again.

The biggest hurdle | had to overcome was connected to the theoretical lens | chose. Understanding
social practice theory and the definition of a practice well enough to apply to apply it to my research
turned out to be harder than | thought. | was able to overcome the former through many conversations
with my supervisors and friends from MADE, reading papers and the realization that | do not have
to think as complicated as | first assumed. Social practice theory can be very philosophical, which
means that working with it can go in many different directions. But it is not necessary to think as com-
plicated as possible. Realizing that | can overcome my problems related to social practice theory by
trying to simplify what is already in my mind helped me to improve my understanding of practices.

Next to the above-mentioned hurdle, | also struggled to collect the data | needed for my research. At
the beginning of the thesis process, | had multiple data gathering methods in mind that | wanted use.
However, | soon realized that getting in contact with practitioners in the construction industry can be
hard. Sending many emails but getting hardly any responses made me doubt my study and my ab-
ilities. Why was | not able to find people who are willing to participate in the study? Why did they not
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reply anymore? Is it because of my e-mail and my wording? Am | not showing enough initiative? Or is
my study simply not interesting enough? Many thoughts came to my mind, but finally | was able to sol-
ve the issue by being persistent and not feeling too invasive about contacting people several times.
At first, | did not want to be too intrusive, as | was afraid to leave a bad impression right from the start.
But | realized that it is necessary to send weekly reminders if | want to talk to a person working in the
construction industry. Especially since a lot of them are quite busy. Looking back, | should have been
more persistent. In the end, | had to drop one of my data gathering methods to finish my research. |
do still believe that it would have added great insights and additional information to my research, ho-
wever, | was not able to do it within the time | had left. If | had the opportunity to collect the data again,
| would focus more on getting a commitment from each participant as soon as possible, even if the
session itself would take place at a later date. Nevertheless, | am proud that | managed to carry out
this research on my own. | have never done any research on my own before, so on a personal level it
is already a success for me that | managed to get to where | am today.

Communication and work attitude

No matter what | do, whether it is in my everyday life or related to my studies, | always try to give it my
best. Even though there are of course setbacks from time to time, | usually do not get to a point whe-
re | want to quit. At the same time, | also always have the urge to work on something and be active.
While working on the thesis, my personal work attitude got challenged. | had to realize that if | want to
give it my best, | sometimes have to take breaks. It can happen that a task feels almost impossible to
complete or that you are not happy with the result you are getting. | had times when | wanted to quit,
when | thought | couldn't finish this thesis because | felt a mental block as soon as | started to work
on it. | wanted to give up and accept that | maybe have to change my approach and look for another
topic. But usually, | do not quit when something starts to get challenging. What helped me during the-
se times was to open up about my feelings, fears, and concerns, to be honest to myself and to share
them with my supervisors. Once | was able to reach out to for help, a conversation with my supervisor
Mart was what changed everything for me. We talked about my struggles and together came up with
a plan on how | can twist my thesis in a way that | can still finish what | have already started. | truly
believe that without this conversation, | would not have had the believe in myself to finish my research.
If I could do it again, | would keep my supervisors updated, both on what | was able to achieve and
the struggles | am facing. What | take with me is that trying to avoid the work you have to do does
not help but just makes it worse. The same applies to pushing a confrontation with a problem you are
facing away for as long as possible. What does help is to look at what you already have, see what
you can already do (or answer) with this information and identify what you are still missing. What did
indeed help me the most was to put up a deadline for myself up to which the situation has to improve.
If the situation had still not improved at the end of this period, | would have known, at least for myself,
that | tried my best to improve the situation. Additionally, | did realize that it is helpful for myself to take
breaks, especially in those times where | need them more than in others, e.g. due to illness or other
personal struggles. Taking a step back and regaining the strength that it takes to work on a thesis (or
any other job) is necessary. Putting yourself first and taking care of yourself is what it takes to give
your best to everything you are doing.

Learning: Asking for help is not a shame but a strength. It is not necessary to overcome every struggle
by yourself and it is good to take some rest. Setting yourself a deadline Setting yourself a limit pre-
vents you from finding yourself in a spiral of procrastination and doubt for too long.

Process & Planning

Looking back at my own planning and process, | do recognize that there are many things | could have
done better. Even though | did create a rough planning at the beginning, including the time | want to
spend on each phase of the process and dates for certain milestones, | did not stick to this planning.
Due to unforeseen, personal issues as well as falling sick while participating in a one-month elective
course, it became a challenge to follow my planning. Taking responsibility, both for yourself and the
work you are doing, also means to recognize when the moment has come where you need to take it
slower and take care of yourself. When | realized that | cannot give my best if | do not prioritize my own
health, | had to take a step back and get better again. Even though taking a rest felt like losing time, |
do think that it was the right decision. And in the end, | do know that there is not something like losing
time, especially when it comes to your health.
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However, what | do question is whether | would take an elective course again while working on the
thesis. The honest answer is, | do not know. On the one hand, | could not work on the thesis full time
while being sick and taking a course. On the other hand, | was able to learn new skills and a program
which | already wanted to learn for years. In any case, | would already take this into account in my
planning and do not make the mistake to think that | can manage both without any compromises. In
addition, | would give myself a little more time from the beginning for the individual steps so that they
can be completed, also taking into account that | have never written a thesis before and might take
longer for each step. Looking back, it would have been important to structure the planning so that |
could finalize my data collection before the summer, as it was very difficult to get in touch with people
from the construction industry during the summer. Or otherwise plan the meetings months ahead for
right after the summer break. It would have been crucial to considering from the outset when the re-
quired interview partners might not be available.

Learning: It is important to create a schedule that allows for possible unforeseen changes. Being
honest with yourself on what you can or cannot do within a given amount of time, and taking your
individual starting point into account allows to create a more realistic planning.

Conclusion

Looking back at the last year, | can say that | struggled more than in any other academic year before.
However, | am also proud of myself for overcoming the struggles | was facing. If | could start from the
beginning, | would do a lot differently with the knowledge | have today. But that is the big difference.
| did not have the knowledge | have today twelve months ago. | learned a lot, not only about circular
material hubs, academic writing, and research, but also about myself. In the end, | do believe that
being able to take the learnings from this experience to make it better the next time is the most im-
portant thing. Nothing is perfect from the start, and the question is whether perfection even exists, but
the important thing is that one continues to develop, learn, and improve - and that is what this work
stands for.
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