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Abstract

The building and construction industry is currently one of the industries with the
most significant environmental impact. It is responsible for roughly 100 billion tons
of waste yearly. The main reason is that the building and construction industry has
traditionally adopted the linear concept of “take-make-waste” where products are
discarded long before they have researched their end of life. One promising approach
could be to adopt circular processes in line with circular economy principles, aim-
ing to recover and reuse construction products from existing buildings rather than
resorting to demolition and disposal. Therefore, this thesis aimed to research how
the introduction of circular processes in redevelopment projects affects the design
process and how to facilitate this transition. The research was conducted in collab-
oration with Sweco and entailed 15 qualitative interviews covering both pilots and
more ordinary routine projects in commercial real estate.

The research concludes that reuse in the Swedish building and construction industry
is still at an early stage. Large-scale reuse implementation is mainly hindered by
the fragmented market since sourcing reuse from other projects then becomes both
time-consuming and unreliable. Besides, there are no set routines and methods
for approaching reuse in redevelopment projects. The study revealed effects on
the design process by introducing reuse practices, which resulted in three models.
One provides an overview of the changed design process with guidance for when
additional activities related to reuse should be performed, and the second proposes
a step-by-step process for conducting inventories and setting project goals related
to reuse. The third model suggests an order of prioritization for reuse actions in
redevelopment projects. Following this, results suggest that on-site reuse within the
property and, in some cases, just-in-time reuse from the local area can be profitable.
This points to a significant future potential for off-site reuse, sourced from other
projects, to become increasingly profitable as the market matures and logistical
solutions are established.

Keywords: commercial real estate, construction industry, redevelopment, circular
economy, reuse, environmental sustainability.
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Since this study is based on the Swedish construction industry, Swedish terms related
to the design process are utilized throughout the report. This is mainly because the
terms do not exist in English and direct translations are inaccurate.
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1 Introduction

Since the beginning of the industrial revolution, humans have lived in a linear econ-
omy with a “take-make-waste” mindset, where products are used for their purpose
once and then discarded as waste (Esposito et al., 2018). This one-directional con-
cept of mass production and consumption causes severe environmental consequences
as it requires significant depletion of natural resources, generates large volumes of
waste, and consumes vast amounts of energy (Esposito et al., 2018). Like most
industries, the building and construction industry has traditionally applied this lin-
ear concept of “take-make-waste” and hence has a significant role in environmental
impact (Benachio, 2020).

Today, the construction industry is considered one of the largest waste-generating
industries in the world, producing approximately 100 billion tons of waste each year
(United Nations Environment Programme, 2022). In addition, the construction
industry is heavily dependent on the use of virgin materials and energy consump-
tion, accounting for over 40% of the world’s extracted resources and contributing to
around 37% of all energy and process-related CO2 emissions (Breene, 2016; United
Nations Environment Programme, 2022). In Europe, the construction industry ac-
counts for similar figures, generating more than 35% of Europe’s produced waste,
consuming over 50% of the natural resources, and is responsible for roughly 35% of
all emissions (European Commission, 2021; European Environment Agency, 2018,
2022). Looking at a national level, as in Sweden, the construction industry also
has a significant environmental impact, accounting for 21% of all the emissions and
generating around 40% of the produced waste within the country (Boverket, 2023a,
2023b).

Although the Swedish building and construction industry has shifted its focus to-
wards a more sustainable built environment in recent years, much effort has been put
into reducing energy consumption during the operational phase, while the construc-
tion phase tends to be somewhat ignored (Boverket, 2018). Nevertheless, studies
show a significant sustainability potential in the construction phase, suggesting that
applying reuse could potentially save up to 18 000 tons of waste, 21 000 tons of CO2
emissions, and SEK 600 million each year when renovating Swedish office premises
(Andersson, 2018).
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Despite this, it is still a common practice to demolish and dispose of existing building
products long before the products reach their end of life (Gerhardsson, 2019). At
the same time, Sweden follows a waste hierarchy plan, stating that society should
primarily encourage the reuse of existing building products while preventing the
production of waste (Swedish Government, 2022). The fact that there are no well-
established methods or routines for reuse in the construction industry indicates a
significant waste of resources and points to a clear potential for improvement. It
has been estimated that roughly 90% of existing buildings in Europe will still stand
in 2050 and therefore have great value as material banks, with 35 million buildings
needing renovation by 2030 (Sweco, 2023).

A shift towards a more circular industry, following the principles of circular econ-
omy, could be a sustainable approach for the construction industry. The circular
economy aims to create more value for resources through circular practices, such as
reuse and recycling, rather than the traditional pattern of “take-make-waste” (Ellen
MacArthur Foundation, 2015). A circular system would minimize resource waste,
improve product utilization, and reduce CO2 emissions, providing an opportunity
to limit the environmental impact (Lindholm, 2018). Therefore, a more circular
construction industry, aiming to reuse building products, could potentially coun-
teract future sustainability challenges and achieve a much more sustainable built
environment (European Commission, 2014).

1.1 Aim and Research Questions

Considering the building and construction industry’s significant climate impact, it
must undergo major transformations of traditional, linear practices to evolve into
a more sustainable industry. This thesis aimed to contribute to the research on
circular economy in the building and construction industry by investigating strate-
gies to facilitate and implement circular practices in the form of reuse. This aim is
realized by studying the concept of reuse, how it is currently implemented in the
industry, and how it impacts the traditional design process. To support the aim,
three research questions were constructed:

« RQ1: What is the current state of reuse practices in the Swedish building and
construction industry?

« RQ2: How does the design process change when reusing building products
within a property or between properties?

« RQ3: How can the introduction of reuse practices be facilitated and succes-
sively increased in redevelopment projects?
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1.2 Scope and Delimitations

This thesis was conducted in a Swedish context, mainly focusing on office buildings
since this type of property tends to undergo frequent redevelopments due to reorga-
nizations and tenant turnover. Billions of SEK are invested each year in redeveloping
new offices, where it is common to dispose of products without assessing the exist-
ing condition. At the same time, it has been shown that significant economic and
environmental savings can be made when renovating an office with reused products,
which made this area interesting to investigate further.

Depending on the type of product being reused, the reuse process may look quite
different. For this reason, the scope is limited to reuse practices for building prod-
ucts, thus excluding the reuse of furniture and structural elements. Furthermore,
when addressing circular processes, this thesis does not differentiate between direct
reuse, upcycle, and downcycle methods.

Another delimitation is the impact on the design process and project organization
due to contract types. Depending on the contract, clients, consultants, and con-
tractors may have different roles and legal responsibilities, which further influence
the reuse implementation. Due to the complexity of contracts, this thesis has not
considered the impact of different contract types. Instead, future research focused
on this specific area is proposed.



2 Theoretical Framework

This chapter aims to provide an overall understanding of the background informa-
tion necessary to proceed with and understand the study. First, the concept of
circular economy is presented. Secondly, the design process from a Swedish context
is discussed, followed by the final section on reuse.

2.1 Circular Economy

A circular economy (CE) is defined as “an industrial system that is restorative or
regenerative by intention and design” (World Economic Forum, 2014, p. 15). The
concept of circularity rests on three principles: (1) the elimination of waste and
pollution, (2) the circulation of products and materials, and (3) the regeneration
of nature (Ellen MacArthur Foundation, 2015). The overarching aim of CE is to
create more value for each unit of resource through a circular and renewable ap-
proach rather than the “take-make-waste” pattern of a traditional linear economy.
As resources are finite, the linear system is increasingly challenged by increased and
volatile resource prices and supply disruptions, thus favoring a transition towards
circularity (Ellen MacArthur Foundation, 2015; World Economic Forum, 2014).

CE in the built environment gives rise to the concept of circular buildings, defined
as “buildings that are designed, planned, built, operated, maintained, and decon-
structed in a manner consistent with CE principles” (Pomponi & Moncaster, 2017,
p. 771). Following this, circular building strategies emerge to design for durability
and adaptability, which emphasizes a long-term focus and extends the service life
of a building (European Commission, 2020a). Furthermore, waste reduction may
be promoted through design for disassembly and deconstruction, which intends to
maximize value retention at the end of life and facilitate the circulation of resources
(Cruz Rios et al., 2015). Combined, design for adaptability, durability, disassembly,
and deconstruction create improved conditions for future reusability (Cruz Rios et
al., 2015; European Commission, 2020a).

The European Commission (2008) established the waste hierarchy model in the
Waste Framework Directive, see Figure 2.1, which describes an order of preference
for waste management that encourages circularity. The model aims to preserve prod-
uct values through waste prevention, reuse, and recycling of materials and products
or other ways of recovery, such as energy recovery. Waste should only be sent to
landfill as a last resort (European Commission, 2008).

4
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Figure 2.1: Waste hierarchy (based on European Commission, 2008).

The hierarchical model gives a general order of priority for how to approach CE
and implement circular product flows (European Commission, 2008). Similarly, the
top two steps of the hierarchy may be developed and adapted to the context of the
building and construction industry and form a reuse hierarchy for buildings (White
Architects, 2018). This developed hierarchical model, see Figure 2.2, then gives a
general order of priority for how to approach CE and implement circular product
flows and reuse in a building context, specifically (White Architects, 2018).

LEASE

BUY NEW

Figure 2.2: Reuse hierarchy (based on White Architects, 2018).

The reuse hierarchy model states that the initial approach to consider in a project is
to retain a building’s structure and floorplans, which essentially corresponds to the
top tier of the EU waste hierarchy, waste prevention (European Commission, 2008;
White Architects, 2018). The following steps recommend reuse within the property,
sourcing reused products from other ongoing projects, and upcycling, i.e., trans-
forming and reusing discarded products for new purposes. White Architects (2018)
further suggested leasing arrangements that promote circular flows, also known as
reverse logistics, where suppliers take greater responsibility for their products. Only
as a last resort should new products be purchased. If so, it is important to plan
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for a long service life and prepare for future reuse from the very beginning of the
design process. This means incorporating durable and adaptable design elements
and considering disassembly plans (White Architects, 2018).

2.1.1 EU Taxonomy

The EU taxonomy is a classification system with an established list of economic ac-
tivities that may be defined as environmentally sustainable (European Commission,
2020b). This is an important tool to scale up sustainable investments, protect in-
vestors from greenwashing, and support sustainability shifts within companies. The
taxonomy establishes six environmental objectives with corresponding criteria that
determine whether an economic activity qualifies as environmentally sustainable
(European Commission, 2020b). Thereby, the taxonomy can establish the degree to
which an investment is environmentally sustainable.

The criteria for substantial contribution to the CE objective to subsequently qual-
ify as an environmentally sustainable economic activity include, for example, to
“increase the durability, reparability, upgradability or reusability of products, in par-
ticular in designing and manufacturing activities” and to “increase preparing for the
reuse and recycling of waste” (European Commission, 2020b, Article 13).

2.1.2 Climate Declarations

In 2022, Boverket (2021) introduced climate declarations as a new requirement to
obtain building permits for new constructions. The general purpose of this re-
quirement is to encourage reduced climate impact in the construction phase of new
buildings. Thus, the climate declaration consists of a life cycle analysis (LCA) of
the construction phase according to the European standard EN 15978. This calcu-
lates the climate impact from the extraction of raw materials, transportation, and
manufacturing of building products to transportation to the site and subsequent
construction processes (Boverket, 2021). Results are expressed in kg CO2 equiva-
lents, or CO2-eq, which is a unit to measure and compare emissions from various
greenhouse gases based on their global warming potential (European Environment
Agency, 2023). The amount of other greenhouse gases is converted to the equivalent
amount of CO2 with the same global warming potential.

The statutory requirement of a climate declaration only entails the climate shield,
load-bearing structures, and interior walls (Boverket, 2021). Other parts such as
doors and windows are not considered in the calculations. Therefore, some compa-
nies take the climate declaration one step further by establishing climate budgets
in their projects (Byggforetagen, 2022). The purpose of a climate budget is to de-
termine target values in terms of kg CO2-eq per m2 BTA, and thereby control and
reduce emissions for the project in the design process. For example, Vasakronan
states in their annual report for 2022 that new construction projects may not ex-
ceed 250 kg CO2-eq per m2 BTA and 125 kg CO2-eq per m2 BTA for redevelopment
projects (Vasakronan, 2022).

6
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2.2 The Design Process

The design process is preceded by a pre-study phase, which aims to compile and de-
scribe a project’s preconditions and then evaluate the feasibility (Akademiska Hus,
2021). The scope of the pre-study is dependent on the project type, and the docu-
mentation may include, for example, a needs analysis, cost estimates, project goals
and vision, an environmental inventory of any existing structure, and preliminary
architectural design proposals for the property (Lindstrom Claessen, 2017; Lunds
Universitet, 2019; Upphandlingsmyndigheten, 2023). This may also set constraints
for the project in terms of finances, functions, time, and sustainability (Upphan-
dlingsmyndigheten, 2023).

PRE-STUDY PROGRAMHANDLING SYSTEMHANDLING BYGGHANDLING CONSTRUCTION

Architectural design Floor plans and technical Detailed design and
prop?osaI. S descnptloqs for
and specification of construction
requirements

Analyze needs,
preconditions, project
constraints and vision

Environmental inventory .
Decision whether to
proceed with the project

General process

Set project goals

Figure 2.3: An overview of the traditional Swedish design process, including the pre-
ceding pre-study and following construction phase (authors’ own figure).

In a Swedish context, the design process is usually divided into three successive
phases: programhandling, systemhandling, and bygghandling, as presented in Fig-
ure 2.3 (Akademiska Hus, 2021; Lindstrom Claessen, 2017; Lunds Universitet, 2019;
Upphandlingsmyndigheten, 2023). Each phase involves an increased level of detail,
meaning that the project design becomes increasingly fixed as the project progresses.
Early changes to the building’s design cost relatively little, while late changes usu-
ally cost significantly more as they may require major re-design (Akademiska Hus,
2021). Thus, the scope for changes to the project design decreases further into the
process.

Documents in the programhandling are produced in connection with the pre-study
and the phases may even overlap since the overall purpose of the programhandling
is to deepen earlier analyses and to clarify needs and functional requirements in
the project (Lindstrom Claessen, 2017; Upphandlingsmyndigheten, 2023). In this
phase, fundamental decisions are made in the project that defines goals in terms of,
for example, timetable, general design, technical standards, level of digitalization,
and sustainability goals and certificates (Akademiska Hus, 2021). These factors
compose the final documentation of the programhandling, which also forms the ba-
sis for a cost estimate. The decision on whether the project should go ahead is
usually made in either the pre-study or programhandling phase (Akademiska Hus,
2021; Lindstrom Claessen, 2017).
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In the next phase, systemhandling, technical solutions, floor plans, and functions
are further detailed and defined to fulfill set goals and requirements, as well as to
optimize costs and environmental impact (Lindstrom Claessen, 2017). Towards the
end of the systemhandling, the final product of the project is largely defined and
only detailed solutions can be changed without a major re-design of the project
(Akademiska Hus, 2021).

The final phase, bygghandling, is the most extensive phase of the design process
and encompasses dimensions and coordination of technical solutions to create the
detailed documentation required for construction (Akademiska Hus, 2021).

2.2.1 Contracts

Different contract types affect the design process and project organization dynam-
ics since this defines when contractors and consultants are procured, and by whom
(HSB, 2023; Upphandlingsmyndigheten, 2023). In a traditional contract, the client
procures consultants and contractors separately, and the contractor is only respon-
sible for the construction as specified in the tender documentation, i.e., execution
responsibility (HSB, 2023). In a design-bid contract, however, the contractor is pro-
cured for both the design and construction process (HSB, 2023). Therefore, in this
case, the contractor has a holistic responsibility for the project and for delivering
the functions specified in the tender documents.

Depending on the contract type, the level of detail in the tender documents varies
(Akademiska Hus, 2021; Upphandlingsmyndigheten, 2023). A traditional contract
is usually procured based on programhandling (Akademiska Hus, 2021; HSB, 2023).
In a design-bid contract, it is common for the contractor to still be controlled to a
certain level by detailed requirements and the inclusion of partially projected design
documents in the procurement (Akademiska Hus, 2021; Upphandlingsmyndigheten,
2023).

2.2.2 Project Goals

Another important aspect influencing the design process is the practice of setting
goals. According to Locke and Latham (2002), a goal can traditionally be defined as
what an organization consciously is trying to achieve. Setting specific and measur-
able goals within an organization increases the chances of the goal being achieved.
This is because it gives the employee perspective and a better sense of direction,

thus making the individual, the project team, and the entire organization more pro-
ductive (Locke & Latham, 2002).
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There are several ways of defining goals; however, the most efficient one, as argued
by Boogaard (2021), is by using the SMART goals framework. This involves setting
goals considering the following parameters:

o Specific: ensure that it is clearly specified what the goal entails
e Measurable: ensure the ability to quantify and track progress
e Achievable: ensure that the goal is realistic

e Relevant: ensure that the goal aligns with long-term objectives

o Time-bound: ensure accountability by setting a deadline for the goal to be
accomplished

The framework is designed so that all model parameters work together to create
thoughtfully planned, achievable, and traceable goals, eliminating uncertainties and
other factors hindering performance (Boogaard, 2021).

2.3 Reuse

The use of reclaimed construction products involves reusing products and materials
that were previously part of another construction (Park & Tucker, 2017). Therefore,
the concept of reuse is often associated with using the same building material more
than once, implying that the material is either reused for its original function or for
a new one. Unlike recycling, the process of reuse is relatively different; elements are
either directly reused or reconditioned instead of being sent to a recycling center to
be transformed into newly manufactured products (Hradil, 2014). Reusing construc-
tion products and materials is considered both economically and environmentally
sustainable, and compared to recycling, reuse is the more desirable option due to the
minimal process and energy consumption (Park & Tucker, 2017). This is further
argued by lacovidou and Purnell (2016), who states that reuse provides an envi-
ronmentally friendly alternative to disposal methods as it decreases pollution and
limits the need for natural resources. Consequently, reuse requires fewer resources,
less energy, and less processing compared to recycling, disposal, or production of
new components, leaving room for economic and environmental benefits (Iacovidou

& Purnell, 2016).

The scope of reusable construction products and materials is broad, encompassing
everything from furniture and interior building products to entire structural ele-
ments (Williams, 2020). Although there is a diverse selection of reusable materials,
certain products are more prone to and frequently reused than others. In a Swedish
study conducted by Andersson (2022), this aspect was further investigated, where
in addition to office furniture, interior building products such as floors, doors, win-
dows, and ceiling tiles were all frequently reused.
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While emphasis has mostly been on reusing stationary interior and non-structural
construction products during the later years, there is a growing interest in exploring
the possibility and potential of reusing structural elements. This part of the struc-
ture represents the largest share of the volume, mass, and value compared to other
construction products. It is, therefore, the most valuable part to reuse, considering
both economic and climate aspects (Hopkinson et al., 2019).

2.3.1 Inventory Process

To facilitate the reuse of different construction products, it is necessary to analyze
which products that have the most potential to be reused (White Architects, 2021).
When demolishing or, in some cases renovating a building, a considerable amount of
construction products is often handled. This makes it essential to assess the reuse
potential of the different products as early as possible. Typically, this assessment is
performed through an inventory process that is usually conducted before construc-
tion or demolition activities. According to White Architects (2021), an inventory
process can generally be divided into five different steps, as shown below:

1. General inventory: This first step involves gathering information about the
building related to drawings, material lists, renovation, remodeling, et cetera.
to get a broad understanding of the product’s status within the object.

2. Assessment of reuse potential: Based on the data collected from step one, a
categorization is developed of which building products that have the most po-
tential to be reused and should thus be the focus during the detailed inventory
process. However, steps one and two can be omitted, making step three the
first step if less extensive projects are undertaken.

3. Detailed inventory: Step three involves a more detailed assessment of the
targeted products from steps one and two. Analyzing the product’s function,
condition, and dimensions in order to determine the possibility for reuse.

4. Supplementation of quality: In some cases, the detailed inventory may need to
be supplemented with additional information. This is done in step four when,
for instance, further information is required regarding functional requirements,
reconditioning of products, or contact with suppliers.

5. Development of reuse strategy: The fifth and final step is to develop a reuse
plan for all the necessary practices. For example, time must be allocated for
logistics, product identification, packaging, transport, storage, et cetera. in
order to successfully implement reuse practices and facilitate circular usage of
different products.

When investigating the potential of reusable construction products and conducting
a reuse inventory, it is necessary to consider the “shortest route” (Bjorn Johansson,
2022; Lindholm, 2018). This implies seeking the shortest logistical chain for the
reusable products and deciding whether the product is in good enough condition to

10
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be reused, alternatively, reconditioned on-site. If this is not an option, reconditioning
elsewhere or relocating the product to nearby projects may be a solution to keep
the logistical chain short (Bjorn Johansson, 2022; Lindholm, 2018). Should none
of the previous options prove to be possible, selling the products for external reuse
in other projects is also possible before resorting to disposal or demolition (Bjorn
Johansson, 2022).

Additionally, when conducting inventories, several tools can be used to collect in-
formation, analyze, and categorize potential reusable products (White Architects,
2021). One such tool is an inventory app developed by CC Build. This application
is used to assess different reusable building products and label them. It can support
circular product management within an organization and register or check out goods
at a reuse center (CC Build, 2023). Another helpful tool can, for instance, be 3D
scanning of buildings. Based on the scanned data, three-dimensional objects are
created within the building. This data can then easily be presented in construction
documents and used as a basis during the design process (White Architects, 2021).

2.3.2 Potential for Reuse

Numerous studies have examined the opportunities and barriers related to reuse.
However, there is still a lack of statistical information connected to the environmen-
tal and commercial potential of reusing construction products (Andersson, 2018).
This gap was further investigated in a Swedish research study presented by Anders-
son (2022). The study identified the potential for increased reuse of various building
products in Swedish office renovations from three different perspectives: product
quantitative saving potential, economic saving potential, and climate-saving poten-
tial (Andersson, 2018).

According to Andersson (2022), reusing building products could potentially reduce
waste generation by up to 18 000 tons per year, indicating that 18 000 tons of newly
produced construction products could be avoided by reusing the existing ones from
Swedish office renovation projects. It was further estimated that reuse could reduce
procurement costs by SEK 600 million and decrease greenhouse gas emissions by
up to 21 000 tons annually. This corresponds to a reduction of around 37% less
emissions compared to using newly produced building products when renovating
Swedish office premises (Andersson, 2022).

Another Swedish research study conducted by Lindholm (2018) evaluated the cost
effects of reusing various interior building products in two office renovation projects,
one located in Stockholm and the other in Gothenburg. The results showed that
most people involved in the projects did not consider themselves affected by imple-
menting reuse and that only certain processes were affected in terms of time and
cost. Despite the increased costs for some processes, the total savings were esti-
mated to be roughly SEK 300 000 for the Stockholm project and SEK 400 000 for
the Gothenburg project (Lindholm, 2018). In addition, the reduction in greenhouse
gas emissions was estimated at approximately 7 tons of CO2-eq for the Stockholm
project, respectively 23 tons of CO2-eq for the Gothenburg project.
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2. Theoretical Framework

2.3.3 Barriers to Reuse

The attitude towards reuse is relatively positive within the industry, and the concept
is becoming increasingly prominent (Gerhardsson et al., 2020). However, there is still
uncertainty surrounding the adoption of circular processes, where uncertainty and
lack of knowledge have resulted in several barriers that discourage actors from fully
implementing reuse practices. Barriers and opportunities for reuse have therefore
become a much-discussed topic in academia for which several studies have investi-
gated it further (Adams et al., 2017; Gerhardsson et al., 2020; Knoth et al., 2022;
Park & Tucker, 2017). According to the studies above, some of the most pressing
barriers to implementing reuse could, for instance, be (1) current habits and atti-
tudes, (2) lack of knowledge, (3) an immature market, (4) quality assurance, and (5)
logistics. Barriers such as these are often seen as difficult hindrances to overcome.
However, it has been recognized that many of them are interconnected, meaning
that overcoming one barrier is likely to affect the others (Gerhardsson et al., 2020).

Although the general attitude toward reuse is positive, the construction industry
tends to be somewhat conservative and slow in its adoption (Park & Tucker, 2017).
Attitude and knowledge have therefore been seen as reasons why reuse has been met
with skepticism and reluctance. This is also mentioned by Knoth et al. (2022), who
argue that lack of competence often associates reuse with increased costs, lower qual-
ity, reduced functionality, and poor design, which hinders reusable products from
being reused. Increased knowledge in the sector would therefore reduce misconcep-
tions about reuse and thus facilitate the implementation of the concept (Adams et
al., 2017).

Currently, the construction industry also suffers from an undeveloped market and a
lack of access to reusable products (Knoth et al., 2022). There is a need to establish a
more designated reuse infrastructure that enables an increased supply and demand,
making it easy to view and purchase reusable products. Additionally, logistics,
time, and storage are also key barriers blocking the implementation of reuse. For
instance, the timing of recovering construction products from another building may
not always align with the needs of the new building. Knoth et al. (2022) state that
difficulties often emerge from extended scheduling due to increased deconstruction
time, increased storage and transport costs, lack of storage, and differences between
the location of reuse centers and the recovered components. In addition, there
are also uncertainties regarding who is responsible for the quality and warranty
assurance when dismantling, packaging, and transporting recovered and reusable
products (Adams et al., 2017).

12



3 Method

The main method of research was through an interview study in collaboration with
the consultancy company Sweco. The research strategy was based on a qualitative
approach, and an iterative process where the stages of data collection and analysis
take place in parallel (Bell et al., 2019). This created research conditions where the
understanding of the topic was increased by iterations of analyzing data and return-
ing to data collection with new ideas for modifications and improvements. The qual-
itative approach was also selected since this allows for explorative, semi-structured
interviews that could be tailored to each respondent to match their professional role
and area of expertise (Bell et al., 2019).

In the context of this thesis, two types of projects are defined and compared: routine
and pilot projects. The former refers to the most common projects undertaken by
real estate companies concerning the redevelopment of commercial buildings. These
projects generally comprise the majority of ongoing projects in the construction sec-
tor, that is, ordinary projects conducted by routine. In contrast, pilot projects refer
to innovative and high-profile projects where, for example, new processes, technical
solutions, and materials are tested to raise the level of knowledge and offer practical
examples within the industry.

This thesis focuses on projects concerning adaptations and renovations of office

premises, although some examples of other types of facilities and larger demolition
projects followed by new constructions were also included for increased depth.
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3. Method

3.1 Research Process

The research process, as presented in Figure 3.1, started with an initial research idea.
A literature scan on the topic area was conducted in parallel to dialogue with Sweco,
which resulted in the formulation of research questions. Then, interviews and initial
data analysis were conducted simultaneously, where materials from interviews were
analyzed and interview questions iteratively refined based on the direction of results
and in relation to the research questions. Parallel to this, materials from further
literature review were added to the theoretical framework as the understanding of the
topic area increased, and previously unanticipated findings emerged. The interview
materials were then analyzed and interpreted based on the theoretical framework to
draw conclusions and answer the research questions.

Theoretical

Literature scan
framework

) Research . .
Research idea X Data analysis ———  Conclusion
questions

Dialogue with

Interviews
Sweco

Initial analysis

Figure 3.1: Research process (authors’ own figure).

3.2 Literature Review

When conducting research, it is important to review existing literature to determine
what has already been studied and established in the topic area (Bell et al., 2019).
This provides a basis for the research to build upon and to construct relevant research
questions. Therefore, in this thesis, the literature review focused on establishing a
theoretical framework as a background for understanding concepts important to the
topic area.

Relevant literature was identified mainly through Scopus and Chalmers Library
databases by using different combinations of keywords, including reuse, circular
economy, building and construction industry, and built environment. Furthermore,
the website for the Swedish initiative for reuse, Centre for Circular Building (CC
Build), was used as they list relevant publications and reports within the topic area
and Swedish context.

The literature review resulted in a theoretical framework that explains the key con-
cepts of circular economy applied to the building and construction industry, the
traditional design process as performed in a Swedish context, and previous research
on reuse. This forms the basis for analysis and later chapters in this thesis.
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3.3 Interview Study

Data were collected from 15 semi-structured interviews, which were recorded and
transcribed with verbal consent from the respondents. Qualitative research often
uses a semi-structured method to focus on the individual experiences and perspec-
tives of those being interviewed. The semi-structured approach was selected because
it allowed for flexibility and exploration, with open-ended questions that could re-
veal unexpected information (Bell et al., 2019). This also allowed for questions to be
tailored to each respondent based on their respective professional roles and project
responsibilities. The differences in professions were key factors in gaining a holistic
view of the current state of reuse implementation in the building and construction
industry.

3.3.1 Sampling

Interview candidates were primarily selected through snowball sampling, which is
a common method within qualitative research (Bell et al., 2019). Following this
sampling approach, initial contact was made with a small group of people relevant
to the research topic. The initial contacts then introduced and helped to establish
contact with other relevant interviewees. The Sweco supervisor played a key role by
suggesting suitable initial contacts for the research topic addressed in this thesis.

The identities of the respondents are anonymized, see Table 3.1, and will therefore be
referred to with numbers, e.g., R1. Relevant information regarding their professions
and involvement in either a pilot or routine project context is also described in Table
3.1.
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Table 3.1: Overview of respondents.

Respondent Role Description Project

R1 Project manager for large office projects, in- Pilot
volved in Hornsberg 10

R2 Sustainability manager, involved in the de- Pilot
velopment of digital tools for optimizing cli-
mate impact and costs

R3 Digital strategist and BIM coordinator, im- Pilot
plementing digital requirements for reuse in
BIM, involved in Kromet/Kaj 16

R4 Environmental sustainability and reuse co- Pilot
ordinator, involved in Kromet/Kaj 16

R5 Property developer, involved Kromet/Kaj Pilot
16

R6 Architect with a focus on the design process Pilot
in large redevelopment projects

R7 Environmental sustainability coordinator, Pilot/Routine
responsible for business development, dig-
italization, and customer relations within
reuse

R8 Environmental sustainability and reuse co- Pilot /Routine
ordinator, mainly involved in redevelop-
ment projects

R9 Project manager for office premises adapta- Routine
tions

R10 Project manager, mainly involved in the de- Routine
sign process for redevelopment projects

R11 Environmental sustainability consultant, Routine
mainly involved in early stages of redevel-
opment projects

R12 Architect and sustainability coordinator Routine

R13 Project manager for redevelopment projects Routine

R14 Energy and environmental sustainability Routine
consultant with a focus on climate impact
calculations

R15 Head of property management projects, re- Routine

sponsible for the management of redevelop-
ment projects in the region
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3.3.2 Projects

This thesis includes routine projects that are used as references by the respondents
to exemplify situations, methods, and experiences from working with reuse in their
professional roles. Therefore, routine projects were not directly selected beforehand.
Respondents, selected for their relevance to the research topic, were instead encour-
aged during interviews to provide suitable examples from projects within the context
of redevelopment projects and office premises adaptations.

This thesis also includes two pilot projects for which the approach to reuse is pre-
sented in detail. The pilot projects were consciously selected based on the studied
context: a high-profile, redevelopment project with some diversity in the reuse ap-
proach, and from two of the largest real estate companies in Sweden focusing on
office properties, Vasakronan and Castellum.

Figure 3.2: To the left, a picture of Hornsberg 10 before the renovation. Photograph
by Castellum, republished with permission. To the right, a visualization of Hornsberg
10 after the renovation. Rendering by BSK Architects and Castellum, republished with
permission.

Hornsberg 10 is an office building with 11 000 square meters of commercial space,
located in Kungsholmen, Stockholm (Castellum, 2023). The property was con-
structed in the 1980s and was merely 35 years of age when discussions began on
how to manage the property going forward (R1). Castellum investigated several
options, including a renovation or demolition and new construction. Permission was
given by the city to demolish the building, however with the requirement that the
new building would have one less level. Therefore, Castellum opted for a renovation
since this would be the more economically profitable and environmentally sustain-
able option (R1). Today, with rising consciousness about sustainability, demolitions
have become far more restrictive as an option within Castellum according to Re-
spondent 1. The project is especially interesting due to the 1980s architecture, which
is characterized by, among other things, smaller windows, and lower ceiling heights
as a trace after the oil crisis in the 1970s (Radegérd, 2022). The famous Swedish ar-
chitect Gert Wingardh stated this as the reason why many buildings from the 1980s
are demolished rather than renovated (Ekberg, 2016). Therefore, the renovation of
Hornsberg 10 may offer valuable insights into how to transform this kind of building.
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Figure 3.3: To the left, a picture of the previous building Kromet. Photograph by
Vasakronan, republished with permission. To the right, a visualization of the new build-
ing Kaj 16. Rendering by TMRW Dorte Mandrup and Vasakronan, republished with
permission.

Kromet and Kaj 16 are separated into two projects, although they refer to the de-
construction of the current property, Kromet, and the subsequent new construction
of Kaj 16 on the same plot in central Gothenburg (Vasakronan, 2021). Kromet was
constructed in the early 1980s and while Vasakronan strives to preserve, renovate,
and reconstruct old properties, it was not possible in this case (Vasakronan, 2021).
The detailed development plan for the area enables a higher degree of exploita-
tion than the 11 000 square meters of commercial space of the existing building
and pre-study investigations showed that it would be difficult to retain parts of the
structure (R5; Vasakronan, 2019). Instead, Vasakronan aims to reuse and recycle
100% of Kromet (Vasakronan, 2021). The new building, Kaj 16, will encompass 37
000 square meters of both commercial and residential space. Similarly to Hornsberg
10, these projects offer another approach to how to deal with properties from the
1980s.

3.4 Data Analysis

Qualitative research usually generates large, complex datasets, often in the form of
interview transcripts as in the case of this thesis (Bell et al., 2019). A qualitative
content analysis, also referred to as thematic analysis, is a common approach when
analyzing qualitative data (Bell et al., 2019; Hsieh & Shannon, 2005). The approach
to thematic analysis in this thesis was primarily inspired by Hsieh and Shannon
(2005), who define this type of analysis as “a method for the subjective interpretation
of the content of text data through the systematic classification process of coding and
identifying themes or patterns” (p.1278). Thus, the process entails searching for
themes and sub-themes by, for example, repetitions, similarities, and differences
across the dataset with relevance to the research questions (Bell et al., 2019).
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In this thesis, the qualitative data analysis software NVivo was used to facilitate the
coding process and to gain a holistic view of the data. The interview transcripts
were read through and coded in NVivo separately by the researchers, then compared,
discussed, and coded once more together. Six themes emerged which were further
divided into sub-themes, as presented in Figure 3.4. These formed the basis of
Chapter J Results, where the first four themes are presented in both a pilot and
routine project context separately. The latter two themes are presented as general
observations since circumstances are similar independently of the project contexts.

Challenges to ;
Reuse goal Me}l;sgztgyr the Reuse Effects on the large-scale fféﬁ?gg'?ustﬁ?e
definitions ry coordination design process  implementation
process of reuse reuse
( N 4 3 4 ( v N N
Additional
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( R 4 A Logistics and
External intermediate Digital tools
Evaluation of Presentation e storage
goals of results Flexibility in
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Figure 3.4: Overview of identified themes and sub-themes in the research findings
(authors’ own figure).

3.5 Critical Evaluation of Method

When conducting qualitative research, it is essential to consider trustworthiness as
a key factor in evaluating its quality (Bell et al., 2019). Trustworthiness encom-
passes four elements: credibility, transferability, dependability, and confirmability.
Credibility refers to the degree to which the findings are accurate and believable,
while transferability assesses the extent to which the findings can be applied to other
contexts. Dependability involves how well the findings can be reproduced. Lastly,
confirmability examines whether the researcher’s personal beliefs and values have
influenced the study (Bell et al., 2019).

To ensure credibility, this thesis employed respondent validation by sharing the
findings with respondents to receive their confirmation and feedback on how the
data was interpreted (Bell et al., 2019). The findings were also compared to those
from existing literature to further support subsequent conclusions. Quantitative
research results are often limited in their transferability due to their association
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with a small group of individuals and contexts. Therefore, it is challenging to
demonstrate that the findings and conclusions can be applied to other situations.
This thesis addressed this issue by detailing two common contexts for reuse practices:
pilot projects where the aim typically is to test new approaches, and routine projects
where the aim is to establish methods for daily work. A critique of this approach
could be that the sample only includes project contexts that already incorporate
some level of reuse. As a result, this may impact how the industry’s current level
of reuse and the preconditions for its implementation are perceived. Although not
universally applicable, this research provides a compilation of knowledge and lessons
learned from the industry working with reuse and guidelines that may form a basis
for further development of internal, organization-specific routines.

Bell et al. (2019) propose an auditing approach that ensures all phases of research
are fully documented and included in the peer review process for increased depend-
ability. However, it is also acknowledged that the extensive amount of data typically
produced in qualitative research can impact the feasibility of this approach. In this
thesis, interview transcripts were conducted and methodological decisions were thor-
oughly documented, but the peer reviewers did not analyze them due to the extent of
materials. To ensure dependability, discussions regarding data analysis and findings
took place during the draft results audit toward the end of the research. The audit-
ing process and regular meetings with the supervisor strengthened the confirmability
aspect by ensuring unbiased data analysis.

3.6 Ethical Statement

The four ethical principles in business research are, as stated by Bell et al. (2019), the
avoidance of harm to participants, informed consent, protection of privacy through
confidentiality, and prevention of deception.

Participation in the study was voluntary and information about the research aims
and interview questions were sent beforehand in order for participants to make a well-
informed decision. Furthermore, participants were anonymized to protect privacy.
Only information vital to the results of the study remains, such as the professional
title and area of expertise. In the case of recorded interviews, the researchers verbally
asked for permission and results were presented to all respondents before the study
was published to avoid misrepresentation or publication of confidential material.

Deception was prevented by continuous meetings and dialogue with the supervisor
at Sweco regarding the research process and involvement in any decisions for major
changes.

This thesis was conducted with no intent to advertise or otherwise promote any
products or services offered by the involved companies. The aim was rather to reflect
on knowledge and learnings for how to scale up solutions within reuse, to promote a
circular mindset in the sector, and to transfer knowledge of current industry practice
to academia.
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4 Results

The primary findings from the interview study include reuse goal definitions, meth-
ods for the inventory process, reuse coordination, and subsequent effects on the
design process due to the implementation of reuse. These are presented separately
according to the pilot or routine project context. Additional findings regarding chal-
lenges to large-scale implementation of reuse and strategies to facilitate future reuse
are presented as general observations since circumstances are similar independently
of the project context.

4.1 Pilot Projects

The findings related to the pilot project context mainly originate from the first eight
respondents (R1-R8), and mainly present examples and experiences from the office
building projects Hornsberg 10, Kromet, and Kaj 16, as described in further detail
in Chapter 3 Method.

4.1.1 Reuse Goal Definitions

The overall purpose of a pilot project is to test new solutions and lead the way
forward in the industry. Since there is no prior experience to use as a basis for
assessments of what would be challenging yet at the same time reasonable to achieve,
setting measurable and well-defined goals in pilot projects is difficult (R1; R5). This
leads to non-measurable goals such as to “reuse as much as possible” within the
property in the case of Hornsberg 10, and the measurable but perhaps less realistic
goal to deconstruct and reuse or recycle 100% of the property Kromet (R1; R5).
R4 explained that they were aware that 100% may not be achievable — it was set
more as a vision for the project. Thus, the goal of 100% and to “reuse as much as
possible” become quite similar in their aims and meanings.

“It is very difficult [to set achievable yet challenging goals], and that was
precisely the reason why we set the goal for Kromet so high. I mean, it
is very difficult to set a goal when you have never done something before."

- R5, April 5th, 2023
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The best kind of reuse is to avoid deconstruction, but when faced with a situation
where a building cannot be reused in its current form, Vasakronan chose to use
Kromet as a pilot project to figure out how to tear down such a building as sustain-
ably as possible (R5). This would then set a good example and experience for future,
similar situations when deconstruction cannot be avoided. The current estimation
is that Kromet will be reused or recycled to about 96% (R4; R5). Although the goal
of 100% was not reached, R5 and R8 respectively explained that an ambitious goal
is important to make the project team engaged, and this mindset may be more im-
portant than fully reaching the goal in the end. Otherwise, one may have ruled out
certain things without trying first (R4). For example, Kromet had a cast-in-place
concrete framework, which is usually difficult to reuse, yet it will now be crushed
and reused as ballast in the new building, Kaj 16, that will be constructed on the
same plot (R4).

“The way we reason there [...] is that if you put— let’s say we know we
won’t be able to reuse to 100%, but we think we might be able to get to
70%. It may be reasonable, but if you say that we should reuse to 70%,
you have automatically said that it is OK if we maybe only get to 50%.
Somewhere you say that we should work towards this level of ambition,
and it sets a tone [in the project]”

- R8, March 31st, 2023

When asked about what units are used for percentage goals, R4 explained that there
is no standard and that goals can be defined differently in various projects, ranging
from units of CO2-eq to mass, volume, and even the number of a certain product
type. In the receiving project, Kaj 16, the goal to reuse concrete from Kromet as
ballast is defined numerically in volume as 6,000 cubic meters of concrete (R14). The
other goals for Kaj 16 are defined as reuse percentages of various product types, for
example, 75% in volume of ventilation canals, and 100% numerically of cable ladders,
cable trays, steel doors, and acoustic ceiling tiles (R4; R14).

This variation of units could make such goals difficult to interpret and compare (RS).
However, R4 states that the more common unit is mass, which may not always be
the best way to calculate the results. For example, the concrete structure of Kromet
makes up a huge part of the percentage counted in mass given its sheer weight.
Although in this case, mass and CO2-eq correlate for concrete, this may not always
be the case for all products and materials (R4). R8 explains that Vasakronan, for
example, used to convert all units to mass for final calculations. Now, Vasakronan
is testing a shift to CO2-eq, which would focus more on the actual climate impact
(R8).

The impact of reusing the concrete structure also points to the need to focus more,
moving forward, on project goals that make use of larger building parts such as
the framework, facade, and other elements of the climate shield (R5). However,
R7 states the importance of any small reuse activity since this accumulates a lot of
CO2-eq saved if it is implemented consistently in every project. Small amounts of
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reuse in every project could potentially outperform large-scale reuse in a selected
few, which points to the importance of raising the lower level of reuse in all projects

(R7).

Another point of interest is that all pilot projects covered in this thesis make some
kind of final calculation for the results of reuse (R1; R4; R5). While there is not
always a measurable goal to compare this to internally in the project, it may give a
reference between projects and forms a basis for future reuse goal definitions.

4.1.2 Methods for the Inventory Process

Castellum procured a company that specializes in reuse to do the inventory of Horns-
berg 10 (R1). Because the project organization did not have prior experience work-
ing with reuse, the specialist company presented its inventory method and initially
recommended selected products to reuse (R1). However, the specialist company was
later given free rein and made a detailed inventory for just about everything within
the property (R1).

Project Kromet took another approach and started with a reuse potential inventory
as an initial impression of what would be possible to reuse (R5). The purpose was
to get an overview of the products within the property, their quantities, quality,
and estimations of potential CO2 and cost savings (R4). This information was
then summarized in a short report and discussed with the client, who ultimately
chose what to focus on and take to the next step (R4). In the following detailed
inventory, information was gathered about the exact quantity, measurement, and
other significant properties of the selected reuse targets required for the development
of design documents et cetera (R4). R4 emphasized the importance of this method
to get an overview, then sift through, and focus on the products with the most
potential for the detailed inventory. Not only does it save time and costs for the
client, but the final inventory report also becomes more accessible.

“We look at ‘what is there, and what do we deem to be the right things
to focus on?’ and then we also do a detailed inventory based on that.
Far too many people go in and do such a detailed inventory right away
and then you get a giant report of two hundred pages that no one really
knows what to use it for.”

- R4, March 6th, 2023

Both the reuse inventory of Kromet and Hornsberg 10 compiled a list of reusable
products in MS Excel (R1; R4). R4 mentioned a data application for smart devices
that CC Build developed to facilitate this process, but they believe this was not used
since, at the time, the application was quite new and not deemed stable enough.
While the application was described by R4 as simple and easy to use, MS Excel is
accessible to many and has good functions for sorting and overviews of identified
products. A detailed inventory in MS Excel may store information such as quantities
by floor, the exact placement, and measurements (R1; R4) On the other hand,
an advantage of using the CC Build application would be the connected product
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database, which enables the application to calculate estimations for CO2 and cost
savings (R4). The program would therefore carry out the evaluation work for you
and determine the reuse potential of identified products, and even compile a final
results report.

4.1.3 Reuse Coordination

The aim for Hornsberg 10 was to “reuse as much as possible” from the property by
deconstruction rather than demolition of the building interiors during the renovation
(R1). Thus, products that were not reusable within the new building design would
instead be sent to other projects to avoid landfills. However, sourcing reusable
products from other projects to Hornsberg 10 was not included in the scope (R1).
Hornsberg 10 ended up reusing, either within the property or by sending to other
projects, a total of 170 doors, 300 windows, 200 glass partitions, interior ceiling tiles,
fittings, kitchen appliances, WC interiors, and a glass entrance door (R1).

R1 explained that Castellum works with a categorization of their properties based
primarily on location, referred to as A-, B-, C-, and D-locations. A property fur-
ther from Stockholm’s city center, a C- or D-location, would thereby have lower
rent, which also tends to correlate with tenants accepting lower standards (R1).
Therefore, some products that could not be reused in Hornsberg 10, evaluated as
a B-location and thus has higher set requirements, could instead be reused in C-
or D-location projects. Similarly, when the exterior expression of Hornsberg 10 was
modernized with larger windows, Castellum realized that it would be difficult to
reuse the small windows, common in buildings from the 1980s, in another project
regardless of location (R1). In this case, the reuse specialist company provided a
contact in Estonia who accepted the windows and some of the glass partitions, and
therefore Castellum succeeded in trying to reuse them elsewhere.

For Kromet and Kaj 16, the initial plan was to reuse from the old building to the
new (R4). However, it was decided to send most reusable products to other projects
within Vasakronan to avoid issues with intermediate storage, since there would be
a significant time difference between the deconstruction of Kromet and the start of
construction of Kaj 16 on the same plot (R4). Among the things reused in other
projects were ventilation products, kitchen appliances, WC interiors, cable trays,
and interior ceiling tiles (R4). Similarly to Hornsberg 10, project Kromet also sent
windows to the Baltics (R5).

Coordination of reuse was primarily achieved through person-to-person communi-
cation, which requires an extensive professional network (R1; R4). In the case of
Kromet, the MS Excel file was also uploaded to a space shared between colleagues in
the organization that works with reuse (R4). R5 also mentioned that a positive spi-
ral was created, where more and more people heard of the project and the possibility
to receive reusable products, which increased the demand and likely contributed to
the results.
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The aim to source reusable products for Kaj 16 was not abandoned, although this will
now require more materials from other projects than Kromet (R4; R5). Construc-
tion has yet to start, so there are no results for this part (R4). Due to unanticipated
issues with financing, which require a majority of the office area to be signed by
a tenant prior to the start of construction, the project is temporarily stopped and
unable to progress to bygghandling before this is resolved (R4). This delay may
jeopardize planned reuse, since the plan for just-in-time delivery, i.e., directly from
the deconstruction site to the construction site, will not be the same (R4). Another
difficulty for larger projects, such as Kaj 16, is that products must be sourced in
larger quantities (R4). One way of facilitating reuse is to have varying requirements
based on room functions (R5). For example, a garage or technical room does not
require the same modern or new production finish as other spaces. Additionally,
R5 recommended that larger projects invest in a role that focuses entirely on sourc-
ing materials. This person must be well-connected and have knowledge of current
projects in the local vicinity (R5).

Both Kromet and Hornsberg 10 had contacts in the Baltics that received reusable
products from the projects (R1; R4; R5). But R15 pointed out an issue with focusing
too heavily on that someone should accept the products, without contemplating the
transportation distances. The positive climate impact of implementing reuse as a
practice would be reduced, and could even turn into a negative impact, by long
transportation distances (R15). Therefore, R15 requested regulations or standards
for how far reusable products may be shipped to and from a project — at least in
order to claim positive climate impact and CO2 savings. The positive effects of
reuse in relation to climate, but also for economic viability, are mainly achieved
when reuse is implemented within the property, or between local projects, at least
in the current state of today (R15).

An advantage of using the CC Build application for reuse inventories, compared
to, for example, MS Excel, is the connection to their product database (R4). This
connection also simplifies the advertisement of reusable products on the CC Build
marketplace, to further external exchange between projects that are not part of the
same organization. R7 further points out that consultancy firms are in good posi-
tions to mediate between projects they are involved in, even inter-organizationally.

4.1.4 Effects on the Design Process

By implementing reuse in a project, the design process is mainly affected by ad-
ditional activities such as the inventory process and sourcing of reusable products,
while also requiring new competencies and roles (R1; R4; R5; R8). Ultimately, this
translates to effects on time and budget for a project. For example, at least in
the state of today, reuse is more time-consuming and this together with additional
professional roles in the project organization renders a higher cost for the project
(R15). Labor hours are also more expensive compared to materials, which is also to
the disadvantage of reuse practices when comparing reuse to virgin materials (15).
Thus, reuse may not be profitable in the early stages of implementation, but when
the industry adapts to this new mindset, the economic viability may change (R15).
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However, reuse within a property or between projects in the local vicinity, may
already be profitable since this does not require as much in terms of intermediate
storage or transportation (R1; R15).

Hornsberg 10 procured a company that specializes in reuse to make an inventory
of reusable products in parallel with the procurement of a demolition company
(R1). The inventory process took place in the shift from programhandling to sys-
temhandling, however, R1 stated this would have been advantageous to do earlier
in connection to project initiation. The tenders from demolition companies were
initially based on traditional demolition of the interiors (R1). They were then asked
to make a new tender in which they would instead consider the deconstruction and
arrangement of products in the property’s basement for intermediate storage. Eco-
nomically, the difference turned out to be minimal, and costs were even reduced
since fewer new products had to be purchased (R1). Since products were reused
within the property, and intermediate storage was possible in the basement, this
was not as time-consuming and resulted in a positive economical outcome according
to R1.

The inventory process before the deconstruction of Kromet was conducted long
before the design process for Kaj 16 started (R4). Because of this, reusable products
were sent to other projects instead of being stored for the construction of Kaj 16.
The reasoning behind this was that it was better to reuse in other projects now,
rather than to pay for intermediate storage (R4). R4 and R5 emphasize the time
aspect of reuse, and to work as much as possible with just-in-time, i.e., directly from
the deconstruction site to the construction site. This requires prior knowledge of
upcoming deconstructions in the area to source products from, and the possibility to
match the delivery to reduce or eliminate intermediate storage time (R4). R5 further
recommends that large projects have a role dedicated to sourcing since this is a time-
consuming activity that requires a strong personal network and local knowledge, at
least in the current state of today regarding reuse implementation.

In project Kaj 16, the systemhandling was designed mainly as in a regular design
process, but parts in the digital models were marked where it was deemed possi-
ble to build in a reused product (R4). The design was therefore made with some
level of flexibility and tolerance, especially regarding, for example, measurements
and manufacturer (R4). Instead, functions were defined in a way so that the de-
sign was flexible for either a reused or new product (R4). However, at the latest,
detailed information about the reused product must be provided in the shift from
systemhandling to bygghandling (R4). This way of designing with flexibility was
further supported by R6 and R8 who emphasize the need for a plan B if, in the
construction phase, unanticipated changes and preconditions would appear. Other-
wise, there could be an increased risk of delays since production could stop due to
the issue (R6). R8 continues to recommend that a reuse coordinator is assigned to
the project and remains for the entire duration, from project initiation to final in-
spection, since this person will have the competence and project-specific knowledge
to solve any issue that may arise along the way. Furthermore, the reuse coordinator
will therefore keep the reuse goals on the agenda throughout the project (RS).
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In general, most respondents perceive that the optimal time for the inventory pro-
cess is “as early as possible” since this would give the project the most time to plan
and design accordingly. At the latest, inventories must be performed in the sys-
temhandling, although this may risk that demolition or deconstruction has already
begun (R4; R6). The optimal time for inventories would therefore be somewhere
around the stages of pre-study or programhandling (R1; R4; R6; RS).

4.2 Routine Projects

The findings related to the routine project context mainly originate from the last
nine respondents (R7-R15), and present examples and experiences from unspecified
projects. However, the majority of the included projects concern adaptations and
renovations of office premises, as described in further detail in Chapter 3 Method.

4.2.1 Reuse Goal Definitions

Routine projects showed a variety of ways to define project goals and objectives. The
most recurrent definition used by most respondents was somewhat more ambiguous
and non-measurable goals, where the definition could be to “try to reuse as much as
possible” (R8; R9; R12; R13; R14). However, other more concrete definitions and
goals were also mentioned. R10 and R11 stated that the more common project goals
they have been working with had been related to process- and product-based goals.
According to both respondents, these goals provide clear guidelines and frameworks
for what a project should focus on to succeed with the implementation of reuse (R10;

R11).

R11 mentioned that it is generally more important to set process-based objectives
and thereby focus on implementing the different processes and methods associated
with reuse than just targeting which products to be reused. This would result in
a much better understanding of the concept within the project organization and
thus develop a greater commitment to reuse (R11). In contrast, R10 argued that
product-based targets would be preferable in many smaller routine projects since
reuse is not a widely established working method. This would allow the project
organization to start small with the concept of reuse and then increase implemen-
tation in future projects (R10; R11). A typical process-based objective could be
conducting a material inventory or developing a reuse or dismantling plan, while
product-based objectives could target a specific group or quantity of products to be
reused (R10; R11). Figure 4.1 below presents the distribution of the respondents’
answers related to the three different project objectives.
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= Non-measurable goals » Product-based goals Percentage goals

Figure 4.1: Overview of how the respondents (R7-R15) implemented reuse goals in their
projects (author’s own figure).

Concerning pilot projects, R8 mentioned a percentage goal definition, implying an
objective of reusing 100% of an entire building. The goal was then broken down
into smaller sub-goals to achieve 100% reuse more easily. However, according to RS,
a project goal of this type is not a reasonable goal to expect to achieve in routine
projects, as it implies a significant workload for the project team and requires many
resources. This was further supported by R7, who believed that a project goal
of 100% reuse is neither something to strive for in routine projects, as most of
the constructions often contain hazardous materials, a certain percentage is usually
disposed of when sorting as well as the objective is difficult to follow up and measure.

“I do not think it is preferable working with 100% reuse goals in routine
projects, it is pilot and prestige projects that work like that. [...] There
are large municipal property owners with large property portfolios where
many properties are in poor condition and in need of ongoing renovation.
It is not reasonable to think that you can reuse everything in them.”

- R8, March 31st, 2023

In addition, ambiguous goals such as “to reuse as much as possible” were neither
to be recommended by R8. Such an objective would be considered a “fuzzy goal”
or a “buzz goal” that is difficult to follow up, measure, and determine whether it
is progressing or achieved. This was also an underlying argument for a significant
proportion of respondents who stated that a goal for routine projects should instead
be based on measurable objectives that can be measured and evaluated (R7; RS8;
R9; R12; R13). For instance, R7 suggested reusing 100% of the products from the
conducted inventory, or as mentioned by R12, aiming for reusing a specific type of
building product. Although most respondents suggested using measurable goals,
not all have been working with measuring or following up on objectives. Only R14
mentioned this, stating that follow-ups were performed continuously during project
design meetings to assess and evaluate whether the goals are being met.
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R8 and R9 further argued that setting measurable goals may also be preferable to
set high objectives within a project, which contradicts R10 and R11, who recom-
mended starting small and successively raising the bar. Higher-set goals are claimed
to increase the level of ambition within the project organization and create a higher
standard (R8; R9; R14). The commitment to reusing and the level of ambition
within a project organization have a decisive impact on the extent reuse is imple-
mented in the project. According to many respondents, low levels of project goals
often set the tone for reuse inventories, decreasing the chance for reuse (R9; R11;
R12; R13; R14). However, as long as there is an interest in reuse and at least
one driving force in the project organization, reuse can always be achieved to some
extent, depending on the project size (R9; R12; R14).

4.2.2 Methods for the Inventory Process

For routine projects, the findings showed several ways to conduct a reuse inventory,
with the process being performed differently, mainly depending on project size and
goal (R7; R8; R10; R12; R14). Based on these two aspects, the respondents ex-
pressed roughly three different inventory approaches, with some considering that it
is sufficient only to perform a reuse potential inventory to get an overall assessment
of the property (R7; R8; R9; R10; R12; R14). Others preferred to immediately
conduct a more detailed inventory and extract the specific characteristics of each
product (R8; R11; R14). A combined method was also mentioned, where a reuse
potential inventory was performed first, followed by a detailed inventory focused on
selected products, i.e., based on the results from the reuse potential inventory (R7,
R8, R9, R14, R15). Figure 4.2 provides a holistic overview of the three inventory
methods and the respondents’ preferences.

46%

m Reuse potential inventory = Detailed inventory Combined

Figure 4.2: Overview of how the respondents (R7-R15) conducted reuse inventories in
their projects (authors’ own figure).
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The environmental inventory is an already established practice within the industry
when there are existing structures on the plot. The purpose is to map materials
and products with hazardous compounds, which is essential information for any
subsequent reuse inventory process (R11; R14). According to R7 and R14, it could
initially be sufficient to base the reuse potential inventory on various documentation
from the property, such as protocols, pictures, and the environmental inventory if
one has been conducted recently. Further, R7 stated, “The year a construction
was built, and its geographical location can tell you a lot about a property’s reuse
potential,” especially when combined with a recent environmental inventory (R14).
However, if the initial documentation is insufficient or if more information is needed,
a complementary site visit is required to investigate and document any missing
information to the reuse potential inventory (R7; R14). Such a site visit is usually
kept short and focuses on the accessibility to the site in addition to the overview
assessment of materials and products (R7). Furthermore, when performing a reuse
inventory, R7 and RS stated that a product list may be used based on commonly
demanded products or characteristics such as high profitability and potential for
saving CO2-eq. This approach limits the scope, thus streamlining the inventory
process and focusing on the resulting documentation (R7; R8; R10).

Once the necessary information is gathered, the reuse potential inventory should
be summarized in a short report with a maximum of 10-20 pages, again depending
mainly on project size and level of ambition (R7; R8; R12; R14). This is to provide
the client with short and simple documentation encompassing the reuse potential
within the property. R7 stated that a common mistake often undertaken by consul-
tancies is to conduct an overly detailed initial inventory, which could result in an
extensive report. Such an inventory is not valuable for the client and usually results
in little to no reuse, as the potential reuse gets lost in the redundant documenta-
tion (R7; R8). After having compiled the documentation in either MS Word or MS
Excel, as most used, a discussion is held with the client regarding the memo, future
dismantling plans, and quality assurance, where the client may decide whether to
continue with reuse or not (R7). If the decision is made to continue with reuse, a
more detailed inventory is to be conducted on-site in order to perform a more precise
material assessment (R7).

The detailed material inventory was further explained in detail by R11, who stated
that this type of inventory should preferably be conducted with the project manager,
architect, client, designers, contractors, and deconstruction company if possible.
Initially, R11 would have a short discussion with the others about which products
to focus on regarding climate savings, costs, dismantling, dimensions, energy class,
lifetime, quality, quantity, et cetera. Together they would then go through the
property room by room, documenting and assessing potential products to reuse.
These products are then discussed based on the abovementioned criteria, and the
products with the most potential are identified and documented (R11). Discussions
are then held on whether the products should be reused in the project, within the
organization (internal), or outside the organization (external).
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When the detailed inventory is completed, once more the gathered information
should be compiled into some sort of documentation together with other thoughts
and comments from the detailed inventory (R11). R11 stated that if requested by
the client, additional information could also be added, such as estimates of climate
savings and costs of new products. The compiled documentation from either just the
reuse potential inventory, the detailed inventory, or the combined inventories could
then be used as a basis for decision-making on the reuse of different construction
products in a project (R7; R15).

Apart from the abovementioned inventory methods, R8 also mentioned two addi-
tional ones. These involved either presuming from an internal and already inven-
toried storage or sourcing from another external inventory. In both of these cases,
there is an already compiled documentation of potential products to reuse. Accord-
ing to R8, this makes sourcing material more efficient as it is possible to match
potential products with project demands.

4.2.3 Reuse Coordination

Since reuse is not an established working method, coordination is currently a rather
personal-based task, according to R8. This makes the whole process quite vulnerable
as the person whose task is to coordinate reuse needs to be a driving force in the issue,
have knowledge of the different projects going on in the surroundings, and whom
to contact. According to respondents, the most common method for internally
coordinating reuse between projects is currently person-to-person communication
through phone calls, emails, or MS Teams Channels, either requesting reuse for
their projects or informing others that there is material to be provided (R7; R8; R9;
R10; R11; R12; R13; R14; R15). According to R9, larger regions, such as cities, rely
more heavily on the MS Teams channels because more projects are undertaken, and
more people are reached simultaneously, creating a greater rotation of products.
Smaller locations tend to rely more on phone calls and emails as there are fewer
ongoing projects and fewer products in rotation (R9).

It was suggested that if no project in the organization wants the provided reuse or
if the sought reuse is not accessible through internal projects, the CC Build mar-
ketplace is another method for coordinating, buying, and selling reusable products
(R7; R8; R9). There, it would be possible to outsource the surplus reuse for other
actors to purchase or search for the desired products (R7; R8; R9). Within the CC
Build marketplace, it is also possible to carry out product requests, allowing other
projects and actors to match their supply with the requested reuse and exchange
reuse with external projects (R7).

4.2.4 Effects on the Design Process

According to all the respondents from R8 to R15, there are additional steps when
reusing that ultimately affect the design process. Activities such as material inven-
tories and product sourcing were considered by all as additional steps, but some
claimed that there are even more steps to perform. R11 and R14 argued that apart
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from the inventory, it is necessary to conduct plans on how things will happen practi-
cally in terms of reuse and dismantling plans. R8 considered the development of the
tender documentation to be a further step due to reuse. For example, adding and
developing elements related to guarantees, requirements, guidelines, limitation lists,
and functional testing is essential to avoid ambiguity. Finally, possible redesigns
based on the inventory were also mentioned by R12 and R13. Depending on when
an inventory is performed, if done too late, selected products for reuse could affect
the design and require document changes, resulting in increased project time and
cost.

As additional processes have emerged, a broadening in expertise and new roles have
also been required (R8; R14; R15). Such roles could, for instance, be the person
performing the material inventory and, similarly, the role of the environmental in-
ventory. The role of reuse coordinator is also a new role that has not existed before,
with the task of setting project goals, developing reuse and dismantling plans, and
securing that the products are being reused and not forgotten (R8; R14; R15).

Depending on a project’s size and objective, respondents considered the additional
activities and the requirement for new roles to have different impacts on the project’s
time and budget. For instance, R12 stated that with reuse, the initial time and cost
would likely increase as more time and resources are often required at the beginning
of a project. However, purchasing costs for new products would likely decrease
as fewer products need to be purchased, which could ultimately lead to an overall
reduction in project costs (R12). R11 considered that all projects, regardless of size
and objectives, can succeed in reusing something and break even in time and costs.
On the contrary, R9 argued that reuse currently has no positive effect on a project’s
time or budget since no established methods exist for working with reuse.

“Currently, we do not see any positive effect on either economy or time
to work with reuse [...] At the moment, it is very unwise for a project
manager or a builder to think about reuse because it has never been done
before, new things are ordered all the time and it is the easiest way. All
systems exist for that, but the systems for these circular processes do not
exist, so it is much more complicated in projects because there is no right
answer.”

- R9, April 5th, 2023

Most respondents also mentioned the importance of conducting a material inventory
early during a project’s start-up (R8; R9; R10; R11; R12; R13; R14). Nevertheless,
opinions differed among the respondents as to when this inventory should preferably
be carried out. According to R8 and R10, a material inventory should ideally be
performed as early as the pre-study. R13 and R14 suggested performing it during
the systemhandling, whereas R9, R11, and R12 stated that the inventory should be
performed “as early as possible”. The underlying reason why such a large proportion
advocated an early inventory process was mainly so that the information from the
inventories could be processed before the detailed design. This gives both architects
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and designers time to analyze and consider the reuse information well before the
documents need to be finalized (R8; R9; R10; R11; R12; R14). As pointed out by
R12, it is sometimes easier for architects to design a building with reuse as there is
something to develop some idea from.

If an inventory is not to be done in an early stage, this may lead to late processing
of the reuse information, resulting in little to no reuse (R10). As exemplified by
R10, they had established specific dimensions for kitchen furniture within a project.
However, the information regarding the inventoried kitchen was received when the
project was in the review phase, with dimensions that differed from those in the
design. As a result, the redesign had not been possible, which meant that the project
could not reuse as many products as intended. R10 then stated that the information
concerning reuse is needed “as early as possible” within a project, preferably already
in the pre-study, to enable as much reuse as possible. In contrast, R9 claimed
that depending on the project’s size and goals, receiving information regarding the
material inventory as late as during the bygghandling is possible. It is during this
phase that the information regarding the reusable products should be incorporated
into the building model and get an ID tag (R9).

In order to successfully implement reuse, the necessity to operate with flexibility
and open documents was also mentioned (R8; R10; R11; R12). According to R11
and R12, working with open documents would allow designers to assign different
construction product ID tags within the building model, describing their properties
and whether a product could be replaced with reuse. In addition, having relaxed
requirements in project files would also ease the implementation of reuse according
to R11. This could be working with varying requirement classifications in different
parts of a building instead of having the same requirement everywhere. R11 stated
that a door into storage or a toilet room might not have the same fire nor sound
classifications as other doors in a facility. This would thus facilitate the reuse of
different construction products as the supply would increase, providing a much wider
range of reusable products to choose from (R11). As for the perspective of flexibility,
R12 further argued that, to implement reuse on a larger scale, one must shift the
mindset in the industry to become comfortable with setting details later in projects.

“We must bring about a system change. We cannot draw in earlier stages
exactly how things should look, but only when you are in detailed plan-
ning and maybe even adaptation on the construction site do you know
how the detail should look and we are not really in that mindset yet. [...]
there is a huge difference between those who pay for the construction and
own the house and those who say: ‘This is no problem, this will be fine,
everything is easy’ and so on. Then the client asks: ‘OK, where do you
have the practical example of this being done at this scale?’ and then it
is often empty. So, it feels like there is a big gap between what we say
we can do and what we can show we can do.”

- R12, March 21st, 2023

33



4. Results

4.3 General Observations

This section presents findings for current challenges to large-scale implementation
of reuse and strategies to facilitate future reuse as general observations. That is, the
circumstances are generally regarded as similar independently of the project context
and are therefore presented jointly.

4.3.1 Challenges to Large-scale Implementation of Reuse

A challenge mentioned by most respondents pointed towards logistics and inter-
mediate storage (R1; R4; R5; R6; R7; R8; R10; R14). While some argued that
intermediate storage was a better way to work with reuse, others preferred just-in-
time (R1; R4; R6; R8). According to R1, it is believed that Castellum, at least in
the greater Stockholm area, intends to implement the use of intermediate storage
in dedicated warehouses. This would make it possible for Castellum to control the
quantity and quality of its own stored material. R1 argued that when working with
large-scale projects, such as pilot projects, it is usually difficult to source and ensure
the right number of products with the same quality, often leading to difficulties in
obtaining enough reuse.

“What I find so difficult is that if you see a picture of 50 glass pieces,
of these 50, maybe half or even more have various defects. It is always
difficult to get it together [...]. I think it is probably better to handle as
much as possible of your own material yourself.”

- R1, March 21st, 2023

R6 claimed that just-in-time is not a reliable method to manage reuse in projects
since the logistical solutions and the market for reuse are not yet fully developed.
R6 continued to provide an example of when they were to design a brick wall based
on four different brick types. Unfortunately, the project had to be canceled as they
could not find enough material to proceed with the design. It was believed that
this was due to the market, but according to R6, it was also partly due to the
fact that there is no logistical system for the market to be built upon. In contrast,
R4 and R5 stated that they prefer to only work with just-in-time. According to
both respondents, the challenge of intermediate storage is the management of large
volumes of reuse, which ultimately risk leading to damages. By instead working with
just-in-time, minimizing storage and transport time, there is less risk of damages
occurring (R4; R5).
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In addition, reverse logistics and thereby increased responsibility by the suppliers
were also mentioned as an alternative solution (R1; R7; R15). According to these
respondents, suppliers of building products such as gypsum boards, interior ceiling
tiles, or windows are starting to provide the option to reclaim and recondition their
original products. The manufacturer may offer to visit the construction site and
dismantle their own products or accept deliveries of already dismantled products
(R1; R7; R15). The products are then reconditioned and resold through the same
channels that building, and construction companies use today. As stated by R15,
large-scale implementation of reverse logistics would make reuse more accessible to
projects, since quality assurance is provided by the original manufacturer and the
current fragmentation of the reuse market would be mitigated if supply becomes
more reliable through already established channels. Figure 4.3 below presents the
distribution of the three different logistical solutions mentioned by respondents.

m Just-in-time deliveries = Intermediate storage Reverse logistics

Figure 4.3: Overview of how the respondents (R7-R15) propose that logistics for reuse
should be managed (author’s own figure).

As some of the respondents mentioned, the reuse market is currently fragmented
as it is challenging to obtain the right things at the right time, especially with
larger volumes of reuse (R1; R4; R5; R6; R14). The quality assurance for different
materials also tends to differ; as it is usually up to the seller to do the assessment
(R7). Asstated by R7, when sourcing reuse from other actors, such as via CC Build,
it is difficult to know where the materials come from, which type of building it was
part of, its quality, and to arrange deliveries or pickups. This makes the process of
sourcing reuse from external actors uncertain, as the material could have come from
anywhere (R7).

Additionally, R14 mentioned that since the market is fragmented and there is no
industrial coordination, searching for reuse can be both time-consuming and expen-
sive, often resulting in low profitability. As consultancy hours are expensive and
construction materials relatively cheap, there are currently little to no positive ef-
fects of working with reuse externally rather than saving CO2-eq (R15). However,
as R15 points out, even this may be an alteration of truth. Depending on how
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far the reusable products must be transported, reuse can even lead to a negative
climate impact (R15). Nonetheless, it has been shown that internal reuse within
projects can already have a positive economic impact (R1; R15). As the industry is
getting increasingly familiar with the concept and methods of reuse, it is probable
to become economically viable on a larger scale (R14; R15).

According to R1 and R15, since there is a tougher market in 2023, real estate com-
panies are struggling with a much lower investment budget than anticipated. This
creates challenges for companies where reuse could be a potential solution as fewer
new products need to be purchased. Investing in reuse, especially in redevelopment
projects, can create quick increases in value for real estate companies in times of
recession, while at the same time accelerating the rate of reuse implementation in
the industry (R1; R15).

“A challenge for all real estate companies now is that we do not have as
much money anymore [...] We do not have the same investment oppor-
tunities, which means that we have to reuse materials because we cannot
buy new. If we were to do that for all adaptations [of office premises],
if we would just tear out and insert new — it does not work. Then, of
course, we do not want to do that climate-wise either, but we cannot do
it in the same way as it was done before, because we do not have the
financial muscle anymore.”

~ R1, April 6th, 2023

4.3.2 Strategies to Facilitate Future Reuse

According to R14, there is a lot of potential for reuse in the future as the upcom-
ing revision of climate declarations could potentially include larger redevelopment
projects. This means that, for example, renovation projects would be obliged to
conduct a new climate declaration and report the climate impact caused during the
construction phase, similar to current requirements for new construction projects.
In addition, there are also ideas of introducing limits or reference values for redevel-
opment projects, meaning that a project would not be allowed to exceed a certain
level of climate impact. Furthermore, since most of the redevelopment projects are
currently performed on older buildings that generally consist of less climate-friendly
products, it will be necessary to reduce the impact of the products already present
in the construction (R14). According to R14, industry actors would then turn to
reuse, as reuse would be the best option for low climate impact products.

The overall objective for Vasakronan is to be completely climate-neutral by 2030
(R9). To achieve this, it is necessary to know how much CO2-eq is emitted during
the operational and construction phases (R9). For the construction phase, climate
budget analyses are now developed for all projects regardless of budget, estimating
the climate impact of different products and allowing projects to either choose to
reuse or purchase new, more climate-neutral products (R9). R9 then stated that
during the upcoming year, the goal is to expand the climate budget analysis and
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gather knowledge of the most beneficial products to reuse. This would enable them
to set goals to continuously halve the budget until emissions reach zero. Similarly,
reference values in relation to the BTA were mentioned by R9 and R14. The re-
spondents stated that reference values were developed regarding kg CO2-eq per m2
BTA for different building projects. These values could then be used as reference
points or targets for different construction projects and evaluations (R9; R14).

Another strategy could include working with adaptable construction layouts, such
as modular designs or design for deconstruction. For instance, R1 described how the
new floor plans in Hornsberg 10 are designed as modules, increasing adaptability
and facilitating future office premises adaptations between tenant contracts. This
requires a higher initial investment since installations are put into walls with reduced
intervals but means that inner walls may be changed to create different types of
floor plans more easily. For example, if a future tenant would want to have more
conference rooms and private offices or a more open office plan. Castellum also
made conscious material choices for adaptability and durability, for example, thicker
wooden floors that can be sanded down several times rather than a glued carpet that
would have to be discarded (R1).

“What we are doing is that we are taking a greater investment now |[...]
but this also means that we get a completely different lifespan of the
property than if we were to build a traditional office where we had told
the tenant ‘Yes, we can design together with you’ This is where we of-

ten make a mistake in letting the tenants’ control how our offices should
look.”

- R1, April 6th, 2023

Digital twin models and Carbon Cost Compass (C3) could also be strategies to
facilitate future reuse. According to R7, it will be possible to use digital twins to
store information about reused products and develop maintenance plans for facilities
in the future. This information could then be used for digitalized reuse coordina-
tion with the possibility of circulating products and planning reuse for a building
many years in advance (R4; R7; R9). Furthermore, the C3 program is instead used
when designing, offering the possibility to design either a new building or a reno-
vation project based on reuse, thus giving an estimate of the effects effect on both
cost and climate impact (R2). According to R2, C3 is rather a cost and climate
analysis program than an information storing, showing clients that circularity and
low-carbon construction does not have to be expensive in contrast to new construc-
tion. Moreover, R3 mentioned the approach of setting digital requirements, meaning
that designers would be able to mark in BIM which products are possible to replace
with reuse. This would ease the work for designers to control errors as both require-
ments and information are directly visible inside the models, as they could otherwise
be misinterpreted or lost in the extensive project documents (R3).
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5 Discussion

This chapter combines the research results with findings from existing literature to
provide new insights related to the research questions. The discussion is divided
into three sections, each exploring a research question in detail separately.

e Section 5.1: What is the current state of reuse practices in the Swedish
building and construction industry?

o Section 5.2: How does the design process change when reusing building
products within a property or between properties?

e Section 5.3: How can the introduction of reuse practices be facilitated and
successively increased in redevelopment projects?

5.1 Current State of Reuse Practices in Sweden

As seen from the findings, there are differences between pilot and routine projects
that can affect the reuse implementation. Since pilot projects tend to have ambitious
goals, push boundaries, and are usually larger, they are often given more time and
larger budgets. This means that projects of this type can spend a lot of time and
resources searching for reusable products internally and externally, sourcing them,
and planning them into the design, facilitating a high reuse implementation. In
contrast, routine projects do not operate with the same high-level goals, are generally
smaller, have tighter budgets, and have less time. The preconditions for introducing
reuse are therefore much more limited. On the other hand, routine projects have
significantly shorter lead times than pilot projects, where reuse decision-making
can be established much faster, contributing to quicker implementation of reusable
products.

The results showed that setting goals was an essential part of implementing reuse.
Pilot projects tend to set objectives related to 100% reuse, while routine projects
rather choose to formulate it as to “reuse as much as possible,” as indicated in Fig-
ure 4.1. This suggests that the overarching objective is generally similar between
the project types, but rather that the differences lie in the follow-up. According to
the results, fifty percent of the respondents, who work in a routine project context,
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apply non-measurable goals. Most respondents acknowledge this as an issue, which
is further emphasized by the SMART framework that advocates for specific, measur-
able, achievable, relevant, and time-bound goals (Boogaard, 2021). Consequently,
most exemplified goal definitions only apply relevance and, to some extent, time
boundaries due to the inherent characteristics of a building project.

Similarly, the goal of 100% reuse that is common in pilot projects is neither specific
nor achievable, as stated by several respondents. However, as pilots aim to push
boundaries, such a target is not unreasonable as there are rarely previous examples
to use as a basis for estimations of what makes an achievable goal — pilots are there
to prove what is achievable. Thus, in contrast to routine projects, there is a need to
measure results to implement reuse on a broader scale. At the same time, there is
also an inherent desire from the involved companies to measure outcomes in order
to boast about success for public relations (PR) reasons.

It was further mentioned that a single person pushing the issue of reuse could some-
times be enough to encourage routine projects to try to implement processes related
to the concept. If this is successful, it can inspire others within the project orga-
nization to proceed to work with the concept and thus create a snowball effect for
reuse in future projects. Even if this may be the case, a routine project cannot rely
on enthusiasts to successfully implement the concept. There is a need to establish
well-functioning procedures or framework that supports practices to facilitate reuse
on a broader scale. The impression may be conveyed that the enthusiasm and gen-
eral implementation of reuse is rather high in routine projects since results show
similarities to pilot projects. However, this may be due to the sample of this thesis
which mainly includes respondents who actively work with reuse. Therefore, results
indicate the possibilities for reuse in a routine context, while it may not reflect the
general level of implementation throughout the industry.

In accordance with Knoth et al. (2022), findings indicated that the market for reuse
is still immature due to fragmentation and a lack of well-established infrastructure.
Searching for reusable products can therefore be both time-consuming and expen-
sive, regardless of whether it is a pilot or routine project. As the quantities required
for reuse tend to be of larger volumes for pilots respectively smaller volumes for rou-
tine projects, pilot projects often encounter difficulties in not finding and obtaining
enough reusable materials. Routine projects face similar issues yet further encounter
challenges such as the expenses of searching for reuse, sometimes exceeding the sav-
ings from cheaper material. So, as mentioned in the results, reuse is currently not
considered a viable approach in terms of budget or time in either of the project
types. At the same time, it is indicated that in the long run, a negative impact
on time and budget today should be regarded as an investment in competence for
tomorrow. This means that as market practices become more established, such as
less fragmented and more reliable access to reuse in the future, the economic prof-
itability should change for the better, resulting in increased implementation of the
concept.
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Regarding sustainability, reuse was not always considered to have a positive impact
on the climate. Sourcing materials and products from long distances could mean
that the emissions of transporting exceed the CO2-eq saved from reusing. Consid-
ering Kromet and Hornsberg 10, shipping windows to the Baltics may have looked
sustainable, however, the question remains whether it was a net positive climate
impact. Somewhere it is not just about 'getting rid" of products and reusing them
elsewhere to get a "good" result in the individual project. It is rather about the
bigger picture of creating sustainable material flows in the vicinity of the individual
project, where transportation distances are short. Standards should therefore be set
for how far reuse may be transported between projects in order to still maintain a
climate-neutral or climate-friendly impact.

As pilot projects tend to be high-profile, have ambitious goals, and push limits,
PR aspects may become a problematic issue. For instance, when the success and
achievements of a project become too important in relation to what should really
be a transparent evaluation and learning from actual results. Since companies’
sustainability image often is synonymous with their high-profile projects, they may
have an inherent need to express the results in a way that more or less reflects
positively on the company, thus leaving out the parts that may not be as positive.
One such example could be the transportation aspect, implying better sustainable
measurements than what it actually is. Pilot projects can therefore be considered as
important for sustainability focus and can sometimes act as catalysts to accelerate
the implementation of sustainable concepts in the construction and building sector.
However, at the same time, they risk being part of "greenwashing, " which ultimately
does not contribute to raising the lower level of reuse, particularly in routine projects.
Nevertheless, as suggested by the European Commission (2020b), the introduced EU
taxonomy may act as an important tool to implement sustainability concepts and
prevent greenwashing.

5.2 Effects on the Design Process

The most prominent additions to the design process are activities related to the reuse
inventory. Three types of inventories are generally observed throughout the inter-
view study referred to as an environmental inventory, a reuse potential inventory,
and a detailed inventory. Most respondents thereby describe inventory methods
and experiences of utilizing them in projects that support the process suggested by
White Architects (2021). This may be combined into a general idea of the reuse
inventory as a step-by-step funnel process with an increasingly targeted focus and
an increasing level of detail, see Figure 5.1.
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Figure 5.1: The inventory funnel process has three main objectives: (1) identifying and
removing hazardous materials, (2) identifying products with the highest potential based
on factors like CO2 savings and economic value, and (3) gathering detailed information
required for construction with the selected reuse targets. This process generates a report
that outlines the reuse options, including dismantling procedures (authors’ own figure).

However, one major difference stands out as respondents emphasized the importance
of a general overview to assess reuse potential, while White Architects (2021) sug-
gested this step may be omitted. Even respondents who typically did not perform
a reuse potential inventory before a detailed inventory expressed this as the desired
working method. Time was pointed out as a limiting factor to performing a funnel
process for the inventories, while not doing so also could result in time and resources
spent on the wrong things, which would inhibit the results. Given the sheer size of
a detailed inventory that would otherwise be the result, the funnel was expressed
as especially important for larger projects. Therefore, it may be debatable where

precisely the line should be drawn for smaller projects to skip steps, as suggested
by White Architects (2021).

The environmental inventory is also pointed out as more significant to respondents,
while it is not as clearly mentioned in connection to reuse in the reviewed literature.
According to the respondents, a recent environmental inventory, the geographical
location, and the approximate year of construction of a building can be enough to
make a first assessment of reuse potential without requiring a site visit. Therefore,
this thesis suggests clearly stating the environmental inventory as a vital part of the
reuse inventory process that should be performed early to allow for a preliminary
assessment.
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Results indicate that reuse affects the design process in several ways, including
additional activities such as inventories and sourcing of reusable products, as well
as the mindset and approach to building design and detailing. These additional
activities and professional roles in projects in turn put higher demands on time
and budget, which must be balanced with potential economic savings from reusing
instead of buying new. However, in smaller routine projects, some respondents
perceived only minor changes to the way they worked. Meanwhile, respondents
in the larger pilot projects described an increased complexity due to, for example,
larger quantities to either sift through the inventory funnel process or to identify
and source from other projects. This implies a correlation between the scale of the
project and the subsequent level of effects on the design process, which suggests that
reuse is easier to implement in a routine project context. On the other hand, one
should at the same time keep in mind other differences in project constraints between
a pilot and routine context, such as time and budget as previously mentioned, and
the current situation regarding economic viability. Only on-site reuse and, in some
cases, just-in-time reuse from the local vicinity have been mentioned by respondents
as profitable. Reasons for this include less time and resources spent searching for
supply and logistical solutions.

The additional activities may be grouped according to on-site and off-site reuse as
parallel processes and are presented in Figure 5.2, which builds onto the traditional
Swedish design process as described in the theoretical framework. Most respondents
advocated for inventories to be conducted “as early as possible”, which in some cases
were further specified around project initiation, either in the pre-study or, more
commonly mentioned, in the stage of programhandling. It was also emphasized
to intertwine the processes of setting goals and conducting inventories — to let the
reuse potential inventory guide what goals were set and conversely let these goals
focus the detailed inventory. According to the respondents, this step-by-step method
would save and focus resources on “the right places” instead of aimlessly conducting
extensive, detailed inventories on the spot.
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Figure 5.2: Implementing reuse practices introduces two new processes for on-site and
off-site reuse activities. These processes run parallel to the traditional Swedish design pro-
cess, as depicted in the theoretical framework. The key difference between these processes
is the demand for flexible design. This is because detailed information about reuse targets
is provided at different stages in the design process since the on-site process has direct
supply while the off-site process includes searching for supply elsewhere.

Similarly, for off-site reuse, goals and target products would preferably be set around
the same time as for on-site reuse. Some respondents also pointed to a level of
flexibility where architects could design as usual but mark certain products in the
digital model, which could be either reuse or new, depending on supply. The earlier
reuse targets are selected, the earlier search for supply may commence, and the
more likely the project is to succeed. The key point for off-site reuse is to remain
flexible in the design documents for as long as possible, which is a new mindset that
needs time and practice to grow comfortable with. Other recommendations that
may be drawn from the respondents are to keep flexibility in the building permit
documents, with room for a plan B should anything disrupt the reuse plan, and to
store information regarding built-in reuse in BIM.

5.3 Strategies to Facilitate Reuse

Personal commitment often becomes a decisive factor in any change process, such as
shifting towards a circular economy in the built environment by implementing reuse
in projects. Therefore, how reuse is introduced in new project groups is also impor-
tant to set a positive attitude toward the concept and create a basis for successively
increasing the level of implementation. Thus, the apparent contradiction between
some respondents arguing for high-set goals and others advocating for starting with
smaller goals may not necessarily be a contradiction, depending on the interpreta-
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tion. It could prove beneficial to start simple and focus on establishing a new mindset
and methods in a project team that has not previously worked with reuse through
low-set goals, while the following successive increase in the level of implementation
is better promoted through high-set goals.

Low-set goals may set a tone in the project for a lower ambition level, as argued by
some respondents. However, the introduction of reuse may be facilitated through
easier initial goals since they are more likely to be accepted and achieved. With
a positive outcome, a spiral may be created as the successfully implemented reuse
practices are more likely to be repeated in the next project and possibly be in-
troduced to others. Furthermore, if measurable goals are set, they may act as
reference values to compare projects and facilitate a successive raise of the bar.
Nevertheless, high-set goals should still be achievable, as stated by the SMART
framework for defining project goals (Boogaard, 2021). Apart from aligning with
the company’s long-term objectives, to apply relevance in accordance with Boogaard
(2021), industry-wide reference values should be implemented for various building
and project types expressed in kg CO2-eq per m2 BTA since this would promote
the overarching objective to lower climate impact in production. For example, ref-
erence values could be an addition to the climate declaration to provide an aim that
promotes conscious choices — not only an after-the-fact calculation.

As a guideline, setting goals related to reuse should be performed as an intertwined
process in which inventories and goals are further detailed. Thus, project goals
related to reuse may be defined based on the reuse potential inventory, which in
turn guides the selection of reuse targets for the following detailed inventory in
accordance with the reuse inventory funnel process previously presented in Figure
5.1. The project team may also consult Figure 5.2 for a general understanding
and overview of when different activities related to reuse should take place. It
is further highly recommended, and supported by several respondents, to have a
reuse coordinator that is present in the project, from the early stages throughout
the construction, to monitor the reuse implementation and keep it on the agenda.
Without an appointed role responsible for the reuse goals, results may be inhibited
as time and budget may become increasingly important and pressing aspects toward
the later stages of a project.

Regarding how projects should approach the reuse concept and prioritize actions, the
research findings point to on-site reuse within the property as easier to implement
and with a significant impact on CO2 savings as well as already proven economic
gains. This is further supported by the reuse hierarchy, stated by White Architects
(2018). The reason for this, as mentioned both in findings from research and existing
literature, is that the current challenges to large-scale reuse implementation in the
building and construction industry are dominated by a fragmented market situation
and logistical issues. An off-site approach that source reuse from other projects in
the local area with a just-in-time delivery solution may also be profitable, according
to gathered empirical data. This points to significant future potential for off-site
reuse becoming increasingly profitable as the market matures and logistical solutions
are established.
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The reuse hierarchy model by White Architects (2018) further suggests leasing prod-
ucts, which is not mentioned in the findings as a common practice in the industry.
Therefore, this thesis suggests a revised and simplified model, see Figure 5.3, based
on the research findings, where leasing is removed as a prioritized action. Further-
more, upcycling is considered part of reuse since this thesis does not differentiate
between these circular concepts. It is also noticed that the reuse of floorplans and,
consequently, the structure of a building may be separated to further differentiate
between levels of reuse. For example, this would remove the possible ambiguity of
how the renovation of Hornsberg 10 should be evaluated according to the model
since floorplans were not reused, but the structure was retained.

OFF-SITE REUSE

BUY NEW

Figure 5.3: A revised reuse hierarchy, based on White Architects (2018), providing an
order of prioritization for reuse actions in a redevelopment project.

Nevertheless, since demand controls supply, there is a need for actors to increase
demand for reuse to a much greater degree in order to drive the development of
an inter-organizational market for reuse. This will not happen overnight, and re-
spondents described several occasions when planned reuse had to be changed to
new products due to a lack of supply. Still, by introducing the possibility to imple-
ment reusable products in the design, for example, by marking products that may
be replaced by reuse in BIM, demand is created even if the plan does not always
succeed. Thus, flexibility in design and keeping both a plan A and B could increase
success rates of reuse implementation in projects while at the same time facilitating
future reuse by driving market supply. Furthermore, climate declarations and sub-
sequent new digital tools such as C3, used to make conscious choices to optimize
costs and climate impact, may also facilitate future reuse when similar programs are
introduced industry-wide.
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This thesis aimed to contribute to the establishment of circular processes in the
building and construction industry by investigating the current state of reuse prac-
tices, its effects on the design process, and how to facilitate implementation on a
large scale. This chapter presents answers to the research questions related to this
aim and their contributions to industry and academia. Furthermore, this chapter
provides suggestions for future research.

RQ1: What is the current state of reuse practices in the Swedish building and con-
struction industry?

Based on the research conducted in the framework of this thesis, it was found that
the current state of reuse in the Swedish construction industry is still at an early
stage. Several actors support the transition towards circularity and reuse; however,
some significant challenges still exist. Since the market for reuse is fragmented
and there is no well-established supply and demand, obtaining reusable products is
difficult. In addition, methods, routines, and guidelines concerning reuse have yet
to be established and developed in the industry, further complicating the concept’s
implementation. However, despite these challenges, as the concept of reuse continues
to be explored, the implementation of reuse should change for the better as methods
and guidelines are progressively being developed for future projects.

Pilot projects play a crucial role in promoting sustainability in the industry and
serve as examples for others to follow. Therefore, pilot projects need to consider
their public relations impact and refrain from actions hindering the overarching
goal of establishing sustainable material flows, such as transporting reuse materials
over long distances.

RQ2: How does the design process change when reusing building products within a
property or between properties?

By compiling experiences from the respondents, new activities, professional roles,
and a new mindset and approach to design could be linked to effects on the de-
sign process. This means an added inventory process is recommended to be imple-
mented as a step-by-step funnel process with an increased focus and level of detail,
as shown in Figure 5.1. In addition, Figure 5.2 offers an overview of the design
process with guidance for when these reuse activities should occur to increase the
chance of success. Furthermore, there is a need for an industry-wide change of
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mindset and approach to design, where flexibility is increased, and details are set
later in the process. This would considerably increase the probability of finding
and sourcing reusable products from other projects and drive the development of an
inter-organizational reuse market necessary to enable reliable off-site reuse flows.

Generally, reuse requires more time, at least in the current situation with challenges
such as the fragmented market for reuse, which impedes the sourcing of off-site reuse.
Therefore, this can also negatively affect the project’s finances if it is not balanced
with the financial gains of reusing instead of buying new products. Results indicate
that on-site reuse within the property and, in some cases, just-in-time reuse from the
local area can already be profitable. This points to a significant future potential for
off-site reuse to become increasingly profitable as the market matures and logistical
solutions are established.

RQ3: How can the introduction of reuse practices be facilitated and successively
increased in redevelopment projects?

Based on the empirical findings in this thesis, some general guidelines may be formed
to facilitate the introduction of reuse practices in project teams that have not pre-
viously worked with reuse and successively increase the level of implementation.
These are as follows:

1. Approach reuse in redevelopment projects according to the revised reuse hier-
archy, as presented in Figure 5.3, which proposes an order of prioritization for
reuse actions.

2. Follow the reuse inventory funnel process as presented in Figure 5.1. Project
goals related to reuse may be defined based on the reuse potential inventory,
which in turn guides the selection of reuse targets for the following detailed
inventory.

3. Use the SMART framework or similar to set project goals and ensure that
results are followed-up and presented after the project is finalized to enable
comparisons and continuous improvements.

4. Start small to focus on establishing a new circular mindset and methods in
project teams that are new to reuse. Then, employ high-set goals while still
considering the aspects of SMART to drive commitment and ambition.

5. Use the changed design process model, presented in Figure 5.2, as an overview
of the additional activities related to reuse with recommendations for when
they should be conducted.

47



6. Conclusion

6.1 Contributions to Industry and Academia

This thesis provides insight into current reuse practices and the state of implementa-
tion in the Swedish building and construction industry. The findings establish that
the fragmented reuse market and lack of routines for logistical solutions remain the
key barriers to further implementing circular processes. This points to a state where
on-site reuse practices are largely profitable to implement in any project, while fur-
ther actions are required to enable off-site reuse on a larger scale. Flexibility in
design is emphasized as a solution to increase demand for reusable products with-
out jeopardizing the project and drive the development of an inter-organizational
market for reuse.

The research also revealed effects on the design process by introducing reuse prac-
tices, which resulted in two models. One provides an overview of the changed design
process with guidance for when additional activities related to reuse should be per-
formed, and the other proposes a step-by-step process for conducting inventories and
setting project goals related to reuse. This thesis provides a basis for organizations
to develop internal methods and routines to introduce reuse as a common practice
in all projects.

6.2 Future Research

This study identified several opportunities for future research. Firstly, as a reflection
on this thesis’ choice of a qualitative interview study as a method, further insights
into the current state of reuse implementation could be gained from a quantitative
approach. As this study targeted redevelopment projects that implemented reuse to
some extent, readers may get the impression that routine projects in the industry
operate with reuse practices at a relatively high level. This conclusion may not
be drawn from this thesis’ respondent sample. Therefore, a quantitative research
approach with a larger sample representing the industry would be interesting to
provide an overview of the extent to which reuse is implemented in projects.

In the development of this study, the impact of contract types on the design process
and the organizational dynamics of a project was discovered as an area that requires
further research. Future research questions may concern how contracts influence the
implementation of reuse and how requirements and project documents should be
formulated to promote reuse throughout the chain of actors.

As a final reflection, findings in this thesis point to an emerging practice of imple-
menting reuse differently depending on the socio-economic status of the area. For
example, reuse deemed inadequate for Swedish standards was sent to the Baltics,
and it was suggested that properties located further from city centers could accept
lower standards and consequently accept reuse deemed inadequate elsewhere. This
may be a result of reuse being discussed and evaluated solely based on environmental
sustainability and economic viability. Therefore, it would be valuable to the build-
ing and construction industry to investigate reuse from a more holistic perspective
on sustainability, including environmental, economic, and social aspects.
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