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Abstract

Material reuse in new construction has become an increasingly important topic in re-
cent years, as the construction industry seeks to address the environmental impacts
associated with building new structures. In 2020, the construction industry emitted
9.8 million tons of CO2 equivalents, which corresponds to 21 percent of the total
emissions of greenhouse gases in Sweden (Boverket, n.d.). Construction and demo-
lition processes lead to large withdrawals of virgin and finite resources. Extracting
and processing such materials leads to large amounts of greenhouse gas emissions
and other types of environmental problems (Goteborgs Stad, 2020). Reusing ma-
terials in new construction can help reduce waste and energy consumption, lower
greenhouse gas emissions, and preserve natural resources. Change and measures are
needed in the construction industry to reduce emissions and its enormous impact on
the environment. Therefore, the construction industry faces a major challenge when
it comes to making a shift from linear to circular material flows. There are vari-
ous incentives by the EU and municipalities in Sweden to deal with such challenges
and initiate a more sustainable approach to the built environment. As a part of
making this transition, it is crucial to change from traditional linear material flows
into circular flows. A major component in circular construction is reusing materials
in new construction projects in order to close to loops and decrease emissions and
extraction of virgin materials. The purpose of the report is to review what actors in
the industry can do to better meet the requirements regarding circularity in the con-
struction industry. More specifically, the report analyzes improvement opportunities
for reuse within the design and construction phases. Moreover, the current state of
material reuse in construction and the readiness to further implement reuse at a
large scale in new construction is examined. The reviewed literature and conducted
interviews were designed to gain various perspectives of the topic and to identify po-
tential improvement opportunities. This study provides an overview of the benefits,
challenges, and opportunities associated with material reuse in new construction,
highlighting the potential for this practice to promote more sustainable and envi-
ronmentally conscious building practices. Main findings from the study were the
importance of collaboration between the stakeholders. The suppliers carry a signif-
icant role as they possess most knowledge about the materials and can recondition,
store and provide guarantees for the reused materials. From a contractor perspec-
tive, it is important to support other actors involved in the project and provide the
right tools to enhance reuse when coordinating the construction projects.

Keywords: circularity, reuse, circular economy, circular construction






Undersokning av mojligheterna for implementering av aterbrukade ma-
terial i storre skala vid nybyggnation

Hur aktorer kan 6vervinna utmaningarna att implementera mer aterbrukade mate-
rial i den svenska byggbranschen

PONTUS SVENSSON, FILIPPA TINMARK

Institutionen for Arkitektur och samhallsbyggnadsteknik

Chalmers tekniska hogskola

Sammanfattning

Materialaterbruk i nybyggnation har blivit ett allt viktigare &mne de senaste aren,
eftersom byggbranschen forsoker ta itu med miljopaverkan i samband med att bygga
nya strukturer. Ar 2020 slippte byggbranschen ut 9,8 miljoner ton CO2-ekvivalenter,
vilket motsvarar 21 procent av de totala utsldppen av vixthusgaser i Sverige (Bover-
ket, n.d.). Bygg- och rivningsprocesser leder till stora uttag av jungfruliga och
andliga resurser. Att utvinna och bearbeta sadana material leder till stora mangder
vaxthusgasutslapp och andra typer av miljoproblem (Géteborgs Stad, 2020). Ater-
bruk av material i nybyggnation kan bidra till att minska avfall och energiférbrukn-
ing, minska utslappen av vaxthusgaser och bevara naturresurser. Forédndringar och
atgérder behovs inom byggbranschen for att minska utsldppen och dess enorma
paverkan pa miljon. Darfor star byggbranschen infor en stor utmaning nar det géller
att gora ett skifte fran linjéra till cirkuléra materialfldden. Det finns olika incitament
fran EU och kommuner i Sverige att hantera sadana utmaningar och initiera ett mer
hallbart forhallningssatt till den byggda miljon. Som en del av denna overgang ar
det avgorande att byta fran traditionella linjara materialfléden till cirkuldra floden.
En stor komponent i cirkulart byggande ar att aterbruka material i nya byggpro-
jekt for att stdnga floden och minska utslapp och utvinning av jungfruliga material.
Syftet med rapporten ér att se 6ver vad aktorer i branschen kan gora for att battre
mota kraven kring cirkularitet i byggbranschen. Mer specifikt analyserar rapporten
forbéattringsmojligheter for aterbruk inom projekterings- och byggfaserna. Dessu-
tom undersoks det aktuella laget for materialaterbruk i byggandet och beredskapen
att ytterligare implementera aterbruk i stor skala i nybyggnation. Den granskade
litteraturen och genomférda intervjuer utformades for att fa olika perspektiv pa
amnet och for att identifiera potentiella forbéattringsmojligheter. Den hér studien
ger en Oversikt over fordelarna, utmaningarna och mojligheterna forknippade med
materialaterbruk i nybyggnation, och belyser potentialen for denna praxis for att
framja mer hallbara och miljémedvetna byggmetoder. Huvudfynden fran studien
var vikten av samarbete mellan intressenterna. Leverantorerna har en betydande
roll d& de besitter mest kunskap om materialen och kan rekonditionera, lagra och
lamna garantier for de ateranvanda materialen. Ur ett entreprenorsperspektiv ér det
viktigt att stodja andra aktorer som ar involverade i projektet och tillhandahalla
ratt verktyg for att forbattra ateranvandningen vid samordning av byggprojekten.

Nyckelord: cirkularitet, aterbruk, cirkuldr ekonomi, cirkuldrt byggande
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Central concepts

Below is the central concepts of the report described and explained.

Concepts

Circular economy

Circular construction
Sustainable construction
Reuse

Recycling

Stakeholder

Procurement

An economy where waste principally is not
generated but resources are retained in soci-
ety’s cycle or in a sustainable way returned
to nature’s own cycle.

The circular economy in the construction in-
dustry is often called circular construction.

Building with renewable and recyclable re-
sources and materials.

A product that is used again, without major
adjustments.

Materials that are seen as waste are recycled
and becomes a new material.

A stakeholder is a person, group or organi-
zation with a vested interest, or stake, in the
decision-making and activities of a business,
organization or project.

Procurement refers to the competitive pro-

cess in which contractors participate to ob-
tain a business contract with the client.
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Introduction

In this chapter an introduction to the study and the background as well as the mo-
tives are provided alongside the purpose and questions the report intends to answer.
An introduction to the topic and the concepts of circular economy and reuse in
construction are presented. Further, the challenges with circular construction and
reuse are also stated. Based on the background and the current challenges of reuse,
the research questions for the study have been formulated.

1.1 Background

The construction industry was responsible for 21 percent of the total greenhouse gas
emissions in Sweden during 2020, consisting of 9.8 million tonnes of CO2 equivalents
(Boverket, 2023b). Construction and demolition processes lead to large withdrawals
of virgin resources. Not only does the handling of these withdrawals reduce the qual-
ity and potential of the materials, but it also leads to large amounts of greenhouse
gas emissions and other types of environmental problems (Goteborgs stad, 2020).
In addition, the construction industry creates large amounts of waste every year,
in 2020 the construction sector in Sweden generated over 14 million tons of waste.
Studies also show a negative trend where waste has increased by about 2 million
tons per year from 2018-2020. A lot of today’s waste is materials that should not be
seen as waste but as useful materials (Boverket, 2023a). Up until the year of 2021
the construction industry was accountable for 40 percent of the energy demand,
half of the consumption of raw materials as well as responsible for 36 percent of
greenhouse gas emissions in Europe. This leaves immense room for improvement in
the decision making and early stages regarding the design and construction of the
built environment (Carvalho et al., 2021).

Considering the severe environmental impact from new construction projects and
the large amount of waste generated, the industry needs to transition from a linear
to a circular approach. A circular model would decrease the environmental impact
such as emissions, waste and other environmental damage. In doing so, the general
climate impact would decrease significantly as the construction industry holds such
a large share of the total environmental pollution.

1.1.1 Circular Economy

Circular economy refers to an economic system that discards the end-of-life stage
and aims to constantly keep the materials in flow through minimization of waste,
implementing reuse and recycling or recovering materials. The circular business



1. Introduction

model builds on efficient and clever strategies that enhances reuse in production
and distribution phases which decreases the extraction and use of virgin materials
and thereby the climate footprint. By restoring, reusing and recycling materials
products can be part of a circular flow rather than a linear timeline where the life
cycle of a material comes to an end (Ghaffar et al., 2020).

By reusing and recycling products and materials over several life cycles, the ex-
traction of virgin and finite natural resources can be reduced and already produced
materials and products can be used more efficiently. The construction sector’s large
consumption of materials and products creates an opportunity to significantly reduce
the environmental impact by moving from linear to circular flows. As a part of this
transition, the implementation of reuse in the construction industry is one efficient
method of achieving a more sustainable approach to new construction (Géteborgs
stad, 2020).

1.1.2 Circular Initiatives

There are several different initiatives that enhance and drive sustainable and circular
solutions in the construction industry. One of the most driving forces are the EU
Green Taxonomy Regulation, which was adopted in mid-2020 (Regeringskansliet,
2020). For the construction industry, the EU taxonomy provides a framework of
conditions that construction activities must meet in order to be considered sus-
tainable and eligible for sustainable investment. One of the sub-goals of the EU
taxonomy is that 70 percent of construction and demolition waste should be reused
or recycled. Furthermore, the EU taxonomy also has a framework for green financing
of construction projects and for the real estate owners which refers to requirements
that have to be fulfilled in order to receive loans with better conditions for instance
in terms of interest rates (Sweden Green Building Council, n.d.).

In addition to the EU taxonomy, the City of Gothenburg has created its own guide-
lines for sustainability and reuse of materials in the construction industry to drive
the transition to sustainable construction processes. Sustainability and circularity in
construction are often compromised due to the complex public procurement process
that tends to make decisions based on financial incentives (Goteborgs stad, 2020).
The challenge for contractors is to have a competitive price in the bidding process
while implementing circularity as costs often increase with recycled materials. The
guide "Dags att bygga och riva cirkuldrt” refers to what contractors can do in the
different stages of a building’s life cycle. Examples include, but are not limited
to, creating a demolition plan when planning the building, changing structures and
inventory for materials, performing life cycle analysis and hiring sustainability con-
sultants. Further the guidelines entail that the use of reused and recycled materials
should be the standard and using virgin materials should be the exception (Gote-
borgs stad, 2020).
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1.1.3 Challenges

For circular construction to be implemented sufficiently, there are numerous chal-
lenges the industry needs to overcome. For instance, the lack of knowledge about
circular construction methods and reuse is one commonly occurring obstacle. It is
difficult and demanding with change as many are reluctant to change if they do not
understand the context and the reason for it. Therefore, it is necessary to clearly
present why the change should take place in order to get everyone involved to un-
derstand and work towards the same new goal. In order to successfully adopt and
implement circularity, habits and attitudes need to change. Further, work processes
need to change throughout the entire construction process in order to adapt to a
more sustainable approach that enhances material reuse and circular construction.
Processes that need to be considered especially involve dismantling of buildings, the
early stages such as planning and design but also during the construction phase
(Fastighetsidgarna, 2021).

There are however many things that speak positively for and indicate a promising
future for circularity within construction. To mention a few examples, laws and
regulations regarding procurement and certifications are reformulated to favour and
increase circularity in the construction industry. Furthermore, companies who are
committed to work with sustainability and environmental issues are considered at-
tractive employers amongst newly graduates (Fastighetsdgarna, 2021).

1.1.4 Problem Statement

With the limited experience of implementation of material reuse in new construc-
tion projects, there are many challenges to face in order to transition from linear to
circular construction. Currently, the industry has seen few successful examples that
are often associated with high risk, uncertainty and costly processes which makes
it difficult to drive initiatives for the enhancement of reuse. Thus, the problem is
to bridge the gap between the theoretical visions and practical implementations for
reuse at a larger scale.

1.2 Reuse

As mentioned above, circular construction aims to reduce the climate impact from
the industry which can be done through reducing waste materials and energy de-
manding processes in the material production (Goteborgs stad, 2020). Material
reuse in new construction refers to reusing construction materials from demolished
construction projects for the same, or an alternate, purpose again in a new building.
This requires careful dismantling processes that allow the materials to remain intact
for future reuse of the product. Thereafter, the materials can then be restored and
reconditioned to be able to be used for similar purposes in the future. Worth to
mention, is that recycling does not fall under the same category as reuse due to the
extensive processes that recycled materials go through prior to being reused again.
Examples of materials that are reused today are bricks, steel beams, isolation ma-
terials or interior surface materials (EkobyggGuiden, n.d.).
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1.3 Target Group

This report was aimed toward a major contractor in the construction industry,
Skanska Sverige AB. As mentioned in the problem statement, the implementation
of material reuse is one of the challenges the construction industry is facing today,
especially in the average project. Therefore, this study have been carried out along-
side Skanska to investigate the opportunities for implementing reuse at a larger
scale, hence the report is written with consideration of the contractor’s perspective.
However, other stakeholders in the construction industry might find the results in
this study relevant or helpful as it looks into the interplay necessary between actors
including clients, suppliers and the contractor.

1.4 Purpose

The purpose of this study was to investigate the current state of reuse in the con-
struction industry and further look into methods of implementing reuse at a larger
scale. The study was aimed to find potential improvement opportunities, along the
planning and construction phases of projects, that could enhance the implementa-
tion of reuse for Skanska as a major contractor and the construction industry in
general. In doing so, tangible improvements for a more widespread implementation
of reuse in construction could be identified. Further, the stakeholder responsibilities
and interplay between the various actors in the construction projects and industry
were also considered as this plays a significant part in moving from linear to circular
material flows.

1.4.1 Research Questions

To investigate the current state of implementation of material reuse in construction
and to find opportunities for future implementation of reuse, a number of research
questions were created. The research questions have been posed with the intent of
the study in consideration. These questions have been central to the literature study
and empirical findings. Following questions have been examined:

o What responsibilities should different stakeholders take in order to implement
reuse at a greater scale?

o How can stakeholders interact during the planning and construction phases in
order to enhance reuse of materials in projects?

o What can contractors do in project planning and in the production phase of
projects in order to better implement reuse of construction materials?

1.4.2 Delimitations

The focus of the study was how to better implement reuse in construction projects.
A circular construction process is infinite and covers a lot of different processes.
Therefore, the report is limited to the study of the project planning phase and
the production process of new construction. Demolition and property management,

4



1. Introduction

which are also a part of the building life cycle, will not be significantly considered in
this study. As a part of the study on how to transition into circular material flows,
the supply chain for reused materials and the driving forces behind are investigated.
Geographically, the study is limited to what is applicable in the Swedish construc-
tion industry in terms of accessible materials and legal processes. Reference projects
and examples from the industry are also limited to this geographic area.

Figure 1.1: Gothenburgs city s model for circular construction (Goteborgs stad,
2020).

The figure above demonstrates the different stages of circular construction. Like
previously mentioned, the report was limited to investigating reuse in the project
planning phase and the production phase, which are outlined in the lower half of the
figure above. These stages correspond to when clients, contractors, suppliers and
municipalities are involved and therefore the take on the study has been from these
perspectives in regards to stakeholders.
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2

Methods

The following chapter describes the work process and methodology of the study and
the report. The study was outlined by two parts, a literature study and a empir-
ical study. The empirical study was further divided into an interview study and
a case study which included projects in which reuse was implemented. The inter-
views were conducted with various roles from different stakeholders in the industry.
Below, methods of how the information was gathered and processed is also presented.

2.1 Work Process

The study was carried out as a qualitative method which can be described as an
interpretive research approach where the aim is to create understanding of a subject
rather than measuring it (Alvehus, 2019). This methodology was selected as the
aim of the study was to investigate challenges and possibilities of reuse at a large
scale which is complex and difficult to quantify through statistical measures.

Initially, the literature study was conducted in order to gain knowledge and under-
standing for the central concepts of the study. Following the theoretical study, a
number of interviews were held in order to gain insight from the industry and a prac-
tical perspective. During the interviews, numerous reference projects were included
in the study in order to identify the main challenges, but also future opportunities,
for reuse at a large scale.

2.2 Literature Study

The literature study provides the results from the literature processed in the report.
The content is crucial to provide relevant information, a background and context to
answer the research questions of the report. Further, the results from the literature
study are used as a foundation for the empirical study. The literature consists partly
of scientific articles on the topic of reuse, circular economy, and circular construc-
tion. The study also included reports and studies carried out by various institutions
on climate change, climate goals and waste management.

The literature was retrieved through Chalmers Library, resources at Skanska, Google
Scholar and other relevant actors or forums in the industry. Important keywords
were reuse, construction waste and circular construction. The search words were
combined to get more search hits, while searches with equivalents in Swedish have
been done in some cases to broaden the perspective. The literature processed for

7



2. Methods

the study included Swedish publications and/or studies but also international arti-
cles on the subject to provide a nuanced perspective. Literature published in recent
years was prioritized because improvements in sustainability have developed over
time and laws and regulations are continuously revised. The literature study also
contributed to designing relevant interview questions.

2.2.1 Credibility of Sources

As the literature study was the foundation of the interviews as well as the report,
it was important to use credible and reliable sources for the information gathered
in the study. Sources include, but were not limited to, scientific articles, articles
from industry journals and literature. The sources were considered according to the
CRAAP test which was created at the University of California by Sarah Blakeslee
(Bartee et al., 2017). The parameters pondered when selecting sources of infor-
mation for the study were currency, reliable source, author, accuracy and purpose
conforming with the above mentioned test. The CRAAP test is presented in the
figure below.

Credibility Table

Least reliable Possibly reliable Most reliable
Factors to
consider . . .
(O points) (1 point) (2 points)
Currency No .d?te Of publication or Outdated for this particular topic Recently published or revised
revision given
Reliable  Unreliable website, no Dossibly reliabl Official governmentor
source additional info available ossibly reliable organization, Institutionaf sites,
academic journals
No author is given / the Author is educated on topic or is staff of an  Specifically identified expert in
Author author is not qualified to organization assumed to be knowledgeable this field with degrees /
write about this topic on this specific topic credentials in this subject
No review process and The information may have beenreviewed  The information has been peer
Accurac information is not or edited by someone knowledgeable in reviewed and is supported by
uracy supported by evidence the field. It mentions but does not directly  evidence from cited credible
from cited sources cite other sources sources
Purpose Obviously biased or trying  Sponsored source; may present Balanced, neutral, presents all
urp to sell you something unbalanced information sides of the issue fully

Figure 2.1: Credibility table that illustrates the CRAAP test (Bartee et al., 2017).

2.3 Empirical Study

The empirical study mainly consisted of two parts, the conducted interviews with
various people from the industry and the case study which was a compilation of con-
struction projects in which reuse had been implemented. The empirical study was
carried out in order to get the industry’s perspective regarding the implementation
of reuse. In doing so, insight was gained on the obstacles of transitioning to circular
material flows and possibilities for improvement were identified.
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2.3.1 Interviews

As a part of the empirical study, several interviews have been conducted with stake-
holders from the industry. The interviews were in a semi-structured format to allow
space for the respondents to affect the content of the interviews. Semi-structured
interviews build on a form which consist of open questions or topics (Alvehus, 2019).
The questions followed a framework that was the foundation for all interviews but
the questions were slightly customized to each interview respondent. The interview
framework is presented in its entirety as an appendix, see appendix A.

The respondents for the interviews were selected to provide a broad perspective on
the topic. Despite the wide range of respondents, not all perspectives were covered
as some actors or roles were not available or could participate in the interview study.
The interviews have been held with people in various roles across the planning and
production processes in projects. Moreover, interviews with stakeholders who rep-
resent other parts of the industry have also been held in order to grasp the interplay
between different actors. This in order to get a broad view of how different actors
in the industry view the subject of reuse and how they each work to overcome the
challenges that comes with it. The different perspectives provided insight into the
responsibilities and what role each stakeholder has in the process of implementing
reuse in construction projects. To succeed, all stakeholders need to be engaged and
work together, and therefore representatives from various parts of the industry were
selected.

Designation Role Company
Respondent 1 Processleader Gothenburg Business Region
Respondent 2 Sustainability expert IVL, Svenska miljoinstitutet

Respondent 3 Business developer - reuse Stena Stal
Respondent 4  CEO Brukspecialisten
Respondent 5  Sustainability specialist Skanska Sverige

Respondent 6  Business project manager Skanska Sverige

Respondent 7 Project manager Skanska Sverige
Respondent 8  Project manager Skanska Sverige
Respondent 9  Project engineer Skanska Sverige
Respondent 10 Production engineer Skanska Sverige
Respondent 11  Production engineer Skanska Sverige

Table 2.1: Table of interview respondents describing their work title and company.

2.3.2 Thematic Analysis

The results from the interviews was transcribed in order to reassure that the in-
terviewees’ perspectives remain unbiased from the authors. When processing the
interviews, no opinions or assumptions from the authors was made to make sure
that the information remains uninfluenced. The results were compiled and are pre-
sented in chapter 5. The results from the theory, the case study and the interviews
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were analyzed against each other to find similarities and differences and outstand-
ing facts. This analysis is discussed under chapter 6 and results in conclusion under
section 7.

2.4 Case Study

Aside from the interviews, the empirical study also consists of a case study where
Skanska’s way of building today is described and previous construction projects that
implemented reuse were observed. The purpose of the case study was partly to in-
vestigate the current state of the implementation of reuse as well as investigating
future opportunities for reuse at a large scale in new construction.

2.5 Writing of the Report

The writing of the report was carried out in parallel and as all interviews and lit-
erature studies were carried out. Quotes, tables, pictures, graphs, etc. have been
used to support the text and give a more comprehensive idea where the text is not
enough. In order to optimize the writing of the method/implementation, this was
written during the work process, in order to produce while the content was fresh in
mind. While writing the report, the idea was also to produce a model in which cir-
cularity can be assessed. The model provided a method to measure circularity and
reuse in construction projects. In the model, methods of increasing reuse in projects
are suggested at different levels in order to improve the environmental performance
of construction projects.

2.5.1 Credibility and Reliability

The interviewees work directly or indirectly with the construction industry, sustain-
ability matters or reuse in construction. Therefore, the candidates were considered
reliable sources in terms of the practical perspective. However, respondents are in-
dividuals and have their own biased opinion on the matter and therefore a large
number of respondents were interviewed in order to gain an objective perspective.

2.5.2 Social and Ethical Aspects

The report was conducted with the purpose of contributing from a societal perspec-
tive and to positively benefit the development of society. The construction industry
needs to transition into circular patterns regarding construction and demolition,
which was supported by the content in the report. Municipalities and actors in the
construction industry have great ambitions for circularity in construction but in the
report, a gap between ambitions and reality was discovered. The report aimed to
investigate and clarify how to implement the visions and make tangible improve-
ments in order to achieve these goals in practice. Given this background, the report
contributes to providing research on reuse and circular construction at its current
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state while also investigating future research on the subject.

The report has followed and taken the ethical aspects into account out of respect to
the interviewees. All interviewees have been informed about the intent of the study,
how the information will be managed and the interviews recorded were so with the
approval of the interviewees. To comply with GDPR the information about the re-
spondents is s hidden and will be deleted after the end of the study. All information
or quotes from the respondents was approved before publication.

2.6 Research Limitations

The study was based on a literature study, interviews and a case study. The results
from the literature study and the the interview study were immensely in alignment
and highlighted similar views and perceptions about what reuse means and the ex-
isting challenges. The literature provided a deeper and broader insight into the
subject while the interviews pointed out more the critical parts as well as being able
to provide real-life examples from their experience in the industry.

In the research process it was difficult to find successful examples of reuse at a large
scale from the contractor point of view as the number of such projects are limited.
A few of the examples included in the study were great examples of circular con-
struction in terms of using recycled materials and reducing material spill but the
implementation of reused materials, specifically, was limited. Other examples that
occurred throughout the study were examples where the client was the driving ini-
tiator for the implementation of reuse which at times was difficult to translate into
useful insights from a contractor perspective.

Further, there was a significant amount of literature available on circular construc-
tion with various definitions and theories on the topic. Lots of research has been
done on recycled materials and reduction of waste products in construction as an
approach to transitioning to circular construction. Further there were some liter-
ature and studies on material reuse and such theories. However, research on the
specified topic of reuse was limited in comparison to recycled materials as it is not
as broadly implemented as recycling.

2.7 Data Gaps

While writing the report, a few data gaps were encountered revolving accessible in-
formation on the topic. Further, it was difficult to get a hold of respondents for the
interviews. Therefore, the desired outcome of gaining as much insight as possible
from different roles and actors throughout the construction process was not com-
pletely feasible. In order to get a more objective result with more insight from all key
people involved in the construction planning processes, more respondents from the
municipality and client perspective would have been helpful. Including interviews
from more clients and case managers from the municipality might have contributed
to a more objective point of view on the matter. From a client perspective, the
monetary incentives would probably be stronger and from the municipal point of
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view, opinions might differ in regard to procurement and permitting processes as
well as the detailed development plan.

Moreover, the report was written in collaboration with a contractor which may have
subconsciously contributed to a contractor biased perspective. A lot of the data
utilized in the study has been accessed through the company’s data base which also
may have influenced or provided a tinted perspective in regard to the company’s
views and structures. Including more of a client or municipal perspective might
given a different perspective of the reasoning behind flaws in collaboration between
the actors in construction processes.
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Literature Review

In this chapter, findings from the literature study is presented. The theoretical
background of the report covers the topic of reuse in the construction industry. In
order to provide contextual information, brief explanations of the concepts of cir-
cular economy and reuse have been provided. The construction process, theories
of construction and other relevant background is also covered. Data gathered from
reports and studies of the construction industry as well as environmental initiatives
by different governments are also provided in this chapter. Challenges regarding
reuse in construction as well as successful, previous implementations of reuse are
also presented in the chapter below.

3.1 Construction Process

The construction process is complex and consists of a line of activities with multiple
stakeholders involved at the different stages of the process. Looking at the timeline
from a contractor’s perspective, the beginning of a new construction project varies
from project to project depending on the client and the contract form. Generally
though, it can be said that the earlier on in the planning process the contractor is in-
volved, the more the contractor can influence the selected methods and the product
(Jonas Celander, personal Communication, March). One could say that the client
is the core of the construction process as they initiate and finance the construction
projects and activities associated with them. Therefore, the client requirements are
the driving forces and primary source of information for the construction process
and finally the end product (Kamara et al., 2000).

3.1.1 Partnering

Partnering is a collaborative procurement approach in which the contractor engages
early on in the project in order to facilitate long term relationships and ensure the
best outcome for the client. In this type of partnering arrangement, designer and
contractor collaborate in a contractual relationship with the customer. Firstly the
scope and price for the project is determined and then project can be designed and
constructed. (Rahmani, 2021).

A partnering approach, where the contractor is involved early in the planning stages,
is beneficial to the design process as it utilizes the knowledge and expertise from con-
tractors. Other perks associated with partnering contracts also involve effectiveness
of the contractor’s input to design, efficient resource utilization and an overall im-
proved project delivery (Rahman & Alhassan, 2012). Due to contractor’s generally
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high level of construction expertise, their input in the early stages will contribute
positively to the outcome of the performance of projects. It also contributes to a
higher level of efficiency in regard to costs, safety and time schedule due to the
contractor’s significant knowledge of construction materials and methods as well as
local practices (Rahmani, 2021).
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Figure 3.1: An overview of the traditional method in comparison to partnering
contracts where the contractor is involved from the early stages (Simmons, 2021).
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3.1.2 Environmental Impact of Construction

The construction industry has a huge negative impact on the environment and in
2020 they accounted for 9.8 million tons of carbon dioxide equivalents, which corre-
sponds to approximately 21 percent of Sweden’s total annual emissions of greenhouse
gases (Boverket, 2023b). In addition to greenhouse gases, the construction industry
generates large amounts of waste which today accounts for approximately 40 percent
of the gross waste in Sweden. The 40 percent corresponds to over 14 million tons of
waste and studies also show a negative trend where waste has increased by about 2
million tons per year from 2018-2020 (Boverket, 2023a), see figure 3.2.
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Figure 3.2: A reconstruction of the National Board of Housing, Building and
Planning’s figure of the construction and real estate sector’s generated amounts of
waste in Sweden 2016-2020 (Boverket, 2023a).

The City of Gothenburg has set an ambitious goal for Gothenburg to be a climate-
neutral and ecologically sustainable city by 2030. They have developed a new envi-
ronmental and climate program that, together with a common environmental man-
agement system and a challenge-driven approach, will ensure that the city succeeds
in achieving this environmental goal (Goteborgs Stad, 2022). This program has been
developed to increase the pace of transition to an ecologically sustainable city and
the three subgoals is to have a city with high biodiversity, a climate footprint close
to zero and a healthy living environment for the city’s inhabitants (Goteborgs stad,
n.d.-c). The sub-goal of having a city with a climate footprint close to zero is about
reducing the city’s emissions of greenhouse gases and to make the reductions with
higher pace. Under the goal climate goal there are another four subgoals and one of
these goals are to reduce the climate impact from purchases as the city’s operations
cause 500 million tons of waste annually, with the construction industry accounting
for half of this. The City of Gothenburg wants, through a life cycle perspective, to
reduce emissions from the purchase of construction industry materials by 90 percent
(Goteborgs stad, n.d.-b).
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3.2 Circular Economy

In order to reduce the amount of waste and increase the utilization rate of recovered
materials, the theory of "circular economy" has often been mentioned in the con-
struction industry. Circular economy means moving away from traditional linear
strategies and switching to circular closed loops (Geissdoerfer et al., 2017). This
means that you place greater value in products by seeing them as a material bank
rather than waste and therefore recycle and reuse rather than throw away (Natursky-
ddsforeningen, 2022). The aim of the circular economy is by reusing and recycling
products and materials in multiple life cycles, the use of virgin and finite natural
resources can be reduced, and already produced materials can be utilized more ef-
fectively (Goteborgs stad, 2020). The circular economy are tightly connected to
the waste hierarchy which describes how waste should be prioritized. In a perfect
circular economy, no waste exists, but instead is defined as usable material banks

(Stockholms stad, 2021).
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Figure 3.3: Circular economy model (European Parliament, 2022).

3.2.1 Waste Hierarchy

The EU has initiated a waste framework directive that presents fundamental waste
management principles that are based on the waste hierarchy which is presented
in the figure below. The directive aims to transform management of consumption
products and materials from a linear economy into a circular economy with minimal
waste (Europian commission, n.d.). As seen in the waste hierarchy, prevention of
waste should be the first and foremost method of reducing waste. The most effi-
cient method of preventing waste is to decrease consumption. In the construction
industry, this would translate into a significant reduction in new construction. The
second-best option is to plan for and perform reuse of the materials that are in-
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tended to discard (Europian commission, n.d.). The third best option according to
the ladder is to recycle materials and make them in to something new. If this is
not possible the fourth best option is the recover the energy that’s created when
destroying the materials. It can be hard to define the lines between the different
steps in the ladder, especially between reuse and recycling. However its not the
biggest of thing, the most important thing is to reduce the negative climate impact.

1. PREVENTION t ¥ :

2. RE-USE

3. MATERIAL
RECYCLING

4. ENERGY
RECOVERY

5. DISPOSAL

Figure 3.4: Waste Hierarchy, recreation inspired by the EU waste hierarchy (Eu-
ropian commission, n.d.).

For the construction industry this would mean significant change in handling of
materials throughout the lifecycle of buildings, from the design process to the de-
molition processes and everything in between (Goteborgs stad, 2020). If materials
cannot be prepared for reuse, they should be recycled and re-produced into new
materials. Further, if recycling is not possible, the waste can be recovered and used
to produce energy. According to the Waste Framework Directive (Europian com-
mission, n.d.), disposal and landfill should be considered a last resort.

Transitioning from linear to circular material flows in the construction industry is a
significant change that is complex and at times difficult. There are regulations that
regulate the performance and certification of construction materials (EU Regulation
No 305/2011) which is one of the obstructions in regard to reuse of materials (Ghaf-
far et al., 2020).
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3.2.2 Circular Construction

The theory of “circular economy” was first introduced in 1989 but without a uniform
definition. Further, there is a gap between circular economy and what it means to
the construction business (Ejlertsson et al., 2018). The construction industry’s im-
plementation of the circular economy is often referred to as circular construction and
is today a widely adopted expression and ideology. Circular construction is based
on the circular economy model and the waste hierarchy where the aim is to reduce
the extraction of virgin materials and make use of the already existing materials and
products (Stockholms stad, 2021).

Circular construction often refers to designing the building in a manner of which
it supports flexibility in design in regard to the use of the building. Other impor-
tant parameters include enhancing possibilities to incorporate reused and recycled
materials to minimize extraction of virgin materials (Mangialardo & Micelli, 2018).
Further, it also includes designing the building in a way so that the materials in the
building can be reused again, either with the same or a different purpose, in the fu-
ture. Fundamentally, this means that the planning and construction phases involve
circular design, flexibility in design and use of the product as well as possibilities to
dismantle the building in a way where the materials can be used again(Lisa Lundin,
personal communication, April) (Gorgolewski et al., 2008).

In order for circular construction to become a reality, development and a changed
approach on the part of all actors is required. There are many obstacles and chal-
lenges that need to be overcome for circular construction to become a reality in
its entirety. Some obstacles that stand in the way of circular construction being
implemented in its entirety are laws and standards, product and material quality,
costs and logistics (Strand Nyhlin & Afreds, 2022). In addition to having to comply
with laws and regulations, you need to be able to ensure the quality of the products
and solve the logistics of how it should be stored and shipped. In addition to this,
it is usually always the economy that determines whether reuse is worthwhile. A
completely circular construction is currently a vision, but gradually the city needs
to move in that direction.

The City of Gothenburg has identified circular economy as an effective approach to
succeed in achieving the city’s vision of being a sustainable and climate-neutral city
by 2030. They have therefore started the initiative that they call Circular Gothen-
burg where the purpose is to drive the construction industry’s transition from a
linear to a circular economy (Géteborgs stad, n.d.-a). Society needs to change and
find a way to design, produce and use resources smarter. The City of Gothenburg
therefore wants to make it easier to return, repair and share instead of buying new
materials and thereby increasing the production of waste materials.
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Figure 3.5: A model of circular construction (RPS, n.d.)

The goal of circular construction is to reduce the use of virgin materials and take
advantage of the materials and products that already exist today. Circular construc-
tion is therefore closely linked to the EU’s waste hierarchy, most often called the
waste ladder in Sweden. The waste ladder describes how waste should be prioritized
and as seen in the waste hierarchy, see figure 3.4, prevention of waste should be the
first and foremost method of reducing waste (Europian commission, n.d.).

In figure 3.5, which describes the circular economy in the built environment, the
different stages of circular construction are illustrated. In the transition from linear
to circular processes in construction, extraction of new raw materials can be signif-
icantly reduced (RPS, n.d.). Moreover, a circular construction process also results
in decreased construction material waste and spill which in turn decreases disposal.
Through reuse, a reduction in the extraction of raw materials as well as minimization
of waste disposal is made possible which completes the circle and can contribute to
significantly reducing the climate impact from new construction (Géteborgs Stad,
2022).

3.3 Definition of Reuse

Reuse can be defined as using a product or material in construction more than once
which includes making use of the materials again but for a different function than
the original use (Park & Tucker, 2017). The point is that reused products replace
newly produced ones and thereby the climate impact is reduced. In doing so there is
a reduction in the extraction of raw materials, energy-intensive processes, and long
transports, which leads to less emissions. In addition to climate benefit, reuse can
also be beneficial in terms of economy and social aspects (Fastighetsdgarna, 2021).
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In order to successfully build with reuse, a completely different construction pro-
cess is required compared to when building with new materials. One of the major
differences is that the building design must be based on the materials that can be
reused and based on these create the new design (Strand Nyhlin & Afreds, 2022).
It is also necessary for products to be designed so that they can be easily disman-
tled and then reused. In this way, buildings in the future will instead be seen as
valuable material banks instead of objects to be demolished (Goteborgs Stad, 2021).

3.3.1 Life Cycle Assessment Analysis

As a method of measuring the specific environmental pollution from each individual
construction material, life cycle assessment calculations can be performed. Life cycle
assessment calculations takes in to account different parameters such as energy us-
age, transports, extraction of raw materials etc to calculate the climate impact from
a product or process. This allows for quantitative comparison between different ma-
terials in order to analyze the emissions of each product. Also, it allows designers
to simulate realized environmental impact of different scenarios in a construction
project with different materials and processes (Carvalho et al., 2021).
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Figure 3.6: A model of the different stages of a building’s life cycle (RPS, n.d.).

As shown in the figure above, the life cycle of a building can be divided into cy-
cles which correspond to the product, construction, use stage and the end-of-life
cycle (RPS, n.d.). Beyond the boundaries of the system, as referred to in the fig-
ure, reuse and recovery potential are mentioned as beneficial potential. Looking
into the opportunities for the impact reuse would have on a building’s life cycle, it
corresponds to multiple categories and not only beyond the system. For instance,
reusing materials in new construction would reduce emissions in stages A1l through
A3 through the significant reduction in extraction of virgin materials. Depending
on the geographical proximity in which the construction materials will be reused
it is also possible to reduce the climate impact in construction transport, A4. In
the end-of-life stage, the climate impact will be reduced because materials that are
reused will not be disposed as waste. This corresponds to the categories C3 and
C4. The significance of the reduced climate impact will depend on how much re-
conditioning is required for the materials to be fit for reuse. Moreover, if buildings
are refurbished rather than demolished extraction of new construction materials can
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be reduced through replacing and renovating components in a building with reused
materials (Lisa Lundin, personal communication, May).

3.4 Challenges of Reuse

There are several challenges that needs to be overcome to be able to implement full-
scale reuse, the biggest challenges are traditions and ignorance, supply, inventory
and logistics, quality and guarantees, financially, measurable, rules and requirements
(Strand Nyhlin & Afreds, 2022). Further challenges involve the time gap regarding
the project planning and the actual construction. The reused material supply at
the time of the planning rarely corresponds to the available materials at the time of
construction which often occurs years after the project planning (Strand Nyhlin &
Afreds, 2022).

3.4.1 Traditions and Ignorance

New products and materials are often seen as having a greater value than old ones.
Reuse is often associated with less quality and poverty, even though the products
are only a few years old and have the same quality as new (Strand Nyhlin & Afreds,
2022). The useful functions of the products are usually good, while the aesthetics
are usually lacking. On the other hand, incorporating reused materials a new project
might add value to the building in terms of social and historical value corresponding
to sentimentality. The attitude to reuse is a lot about feelings and attitude, but
there are studies showing that more and more customers and/or tenants are will-
ing to implement reused products in their everyday life and household (Simonsson,
2021).

More and more companies in the construction industry are working with resource
efficiency and sustainable construction, but it is still very difficult to get everyone
to work in the same direction. It is difficult to break traditions and change working
methods that have been in place for a long time, and by continuing to work as al-
ways done it’s hard to succeed with reuse (Strand Nyhlin & Afreds, 2022). It takes
time and energy to persistently implement what is required to change the way of
working adapted to reuse.In order to succeed in switching to circular models , it is
required that all actors are involved and work towards the same goal (Bjorkman &
Kardell, 2021). Because if there is any actor who loses the will for reuse, the whole
thing often falls short.

3.4.2 Supply

Supply and demand are not usually a problem on the market, but in reuse it is
problematic for buyers and sellers to find each other. The reuse market is imma-
ture and there is no balance between supply and demand (Fastighetsdgarna, 2021).
There are only a few actors who operate a large-scale market for reused products,
but construction companies often operate small-scale reuse within their own projects.
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It is important to make reuse inventories to know which materials and products can
be reused, but this is done far too rarely and not extensively. This means that very
few products reach the market and that the quantities that reach the market are
usually small-scale. There is a demand of large amount of the same products but
usually there are only small amount of each product on the reuse market (Miliute-
Plepiene et al., 2020). In order to enable large-scale reuse, large volumes of the same
type of material are needed, as in a project there is often a need for 100 doors of the
same make and 300 windows with the same dimensions (Strand Nyhlin & Afreds,
2022). As this is almost never available on the market, construction companies
chooses the easier way of ordering new products that they can tailor to their needs.

One way to the access problem of supply would be if several companies had started
using a kind of "take-back system" (Strand Nyhlin & Afreds, 2022). Where leftover
waste from the construction projects goes back to the producer and is reused or
recycled. There is no established take-back system in the industry today, but in-
dividual companies that have taken their own initiative. By taking back their own
products and restore their quality, less material would go to waste. It is also the
producers of the materials who have the most knowledge about their products and
can carry out tests and take responsibility for their quality through the entire lifes-
pan (Strand Nyhlin & Afreds, 2022). If companies were to complement their new
products with restored and approved recycled ones, it would increase the supply and
availability of the recycled market.

3.4.3 Inventory and Logistics

The planning phase for a project is often several years long and makes it difficult
to plan for reuse. It is impossible to know in the design phase which materials and
products will be available on the market at the time of construction, which is often
several years later. It is costly to keep an inventory for several years and from a
business perspective it is not beneficial to have products on the shelves that cost
money (Strand Nyhlin & Afreds, 2022). As it is not possible to rely on finding the
right product at the right time, most projects working with reuse uses some form of
intermediate storage.

The way of working that is used today, where you draw first and buy later, does not
work for reuse (Strand Nyhlin & Afreds, 2022). The purchasing processes need to be
changed so that products are purchased and reserved already during the planning
process in order to know which materials and products to use in the design. In-
terim storage often takes place over long periods of time, and it needs to be clarified
whether the products should be stored with the selling company or the company
that will reuse the product. The construction industry lacks the infrastructure and
routines to able to take care of it themselves (Miliute-Plepiene et al., 2020). Most
construction projects lack space and storage facilities, so some form of storage fa-
cility is needed where you can temporarily store and recondition products (Ding et
al., 2023). Such a facility should also be close to the building products it distributes
in order to reduce transport and its emissions (Strand Nyhlin & Afreds, 2022).
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3.4.4 Quality and Guarantees

When building, you want to use reliable products and to know how they work and
behave, so as not to take any unnecessary risks that could result in damage or
unforeseen expenses. It is difficult for clients and contractors to know how the per-
formance of the reused products is and it is unclear about its functionality and if
the material contains any dangerous substances (Yeung et al., 2015). They feel a
concern about building in materials that do not measure up or are harmful to health

(Strand Nyhlin & Afreds, 2022).

Actors are needed who can control and guarantee the quality of the products so
that you know they are acceptable to build with. It is the origin suppliers who
know the most about its products and are therefore seen as the most reasonable
actor to undertake to control and guarantee the quality of products (Strand Nyhlin
& Afreds, 2022). Tt is costly to test the material quality and there is often a lack of
information about the history of the material and its stress throughout its lifetime
(Johansson et al., 2017). When the construction industry further implements topics
of reuse and recycling, new professions will be created such as material inspectors
and professionals who hand out material certifications. With this, yet another ques-
tion arises: who will be responsible to fill these roles?

3.4.5 Financial Obstacles

Construction projects’ finances are often strained, and profitability is crucial, this
results in that only few actors dare to take a chance. As material prices have been
so low for many years, it has been cheaper to build with new materials than re-
cycled ones (Holmqvist & Alvegran, 2020). Working time is more expensive than
material costs, and therefore you would rather buy new than spend time on reuse
(Gorgolewski et al., 2008). Reuse is not seen as economically beneficial as there are
additional costs for the demolition process, storage and refurbishing of materials,
which makes it cheaper to throw away and buy new (Strand Nyhlin & Afreds, 2022).
However, this is believed to change with the current recession and the rampant ma-
terial prices.

Most reuse projects have so far only been on a smaller scale and therefore have not
affected the project’s finances perceptibly. It is mainly large companies that have
worked with large-scale reuse as they have the financial muscles to take the risks
and extra costs that may arise. There are no established work routines for reuse
and this means that the economy around it increases, when routines and working
methods around reuse are established, the costs of reuse will decrease and make it
economically favorable compared to new materials (Holmqvist & Alvegran, 2020).

3.4.6 Measurability

In order to be able to measure and know how sustainable reuse is, new ways of
measuring are needed. Today there are lots of different ways to measure circularity
and some of these are waste amounts, carbon dioxide emissions, economics, or the
percentage of reused materials. A standard needs to be set for how to measure cir-
cularity and reuse and in which units in order to be able to objectively assess case
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by case (Strand Nyhlin & Afreds, 2022). It is based on measurable values that you
can set requirements/limits and based on that see improvement.

IVL has developed a guide for how to measure and value recycling linked to a build-
ing’s life cycle, and this is important to be able to lift recycling within the industry
(Gerhardsson et al., 2020). Even the climate declaration requirement for new build-
ings will require that you calculate the climate impact, which in turn can show the
climate benefits of reuse.

3.4.7 Laws and Regulations

Another challenge regarding the implementation of reuse in construction are the
regulations and requirements that projects need to abide to. Receiving building
permits and following the detail plans from the city are complex processes of con-
siderable length which sometimes makes it difficult for alterations to be made to
the project while under construction. Since reused materials can vary in technical
and visual specifications the design and permits need to be more flexible and accept
these uncertainties (Gorgolewski et al., 2008).

3.5 Stakeholders Responsibilities to Reuse

In order for reuse to be applicable at a larger scale, all stakeholders need to con-
tribute to the implementation of reuse to achieve this. As stakeholders are involved
at different stages of construction it is important that they collaborate throughout
the entire project and that each actor does their part.

3.5.1 The Client

The client is the one who owns the project and the land it is to be built on, and
therefore it is the client who sets the tone for the project (Strand Nyhlin & Afreds,
2022). The client formulates the vision and requirements for the project as well as
being the initiating and financing force. Therefore, it is crucial that the client is
onboard with the implementation of reuse in order for them to include this in their
vision that the contractor must follow. On the other hand, clients are driven by
economical forces and due to the fact that reused or recycled materials often are
more expensive than new materials this is not always a main priority for the client
(Gorgolewski et al., 2008). At the end of the day, it is often a matter of cost and
if it is not financially feasible to select reused materials, the client is more likely to
choose the cheaper option (Strand Nyhlin & Afreds, 2022). Due to the above men-
tioned, the final decision on whether to use reused materials or not is a choice the
client has to make, weighing environmental aspects versus the economical incentives.

3.5.2 The Municipality

The municipality or the city is involved in all construction projects in one way or
another. If the municipality is not the client themselves, they are involved in the
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permitting process for the projects and the municipality is also responsible for the
detailed development plan. In their significant involvement when it comes to the
development of new construction, lies heavy responsibilities to adapt to circular con-
struction and enhance the possibilities for contractors and clients to reuse (Circle
Economy, 2019).

Further, in cases where the municipality is the client, the procurement process is
more intricate as the municipality is funded by tax money. The public procurement
process is different from private procurement processes and there are laws and reg-
ulations for how such procurement processes should look like. This often results in
the municipality proceeding with the contractor which offers the lowest price which
leads to little room for innovation regarding environmental initiatives on behalf of
the contractor (Personal Communication, Lisa Lundin and ).

However, the environmental agenda is of great importance for the Swedish govern-
ment and both private and public clients often include environmental requirements
in the documents for procurement. Although, to what extent these environmental
requirements are set varies. Procurement processes that include or prioritize en-
vironmental aspects are referred to as green procurement processes. Examples of
parameters that can be considered in a green procurement processes involve building
and demolition waste, construction waste, energy efficiency, the contractor’s envi-
ronmental work etc (Sterner, 2002).

Green procurement can be used as policy instruments for public authorities in public
procurement in order to influence the market to become more environmentally sus-
tainable. In green procurement, environmental performance is included as a decisive
factor in the choice of supplier in addition to the usual factors in who offers the best
product and service at the best prices (Konkurrensverket, n.d.). Green procurement
processes set environmental requirements that stakeholders in the market must meet
in order to submit tenders in the procurement. As a result, market stakeholders are
forced to become more environmentally friendly in order to be able to participate
in tenders and find jobs (Edlund, 2019).

3.5.3 The Contractor

The contractor is selected by the client through a procurement process in which
the interested contractors submit their tenders. The client selects which contractor
they want to proceed with based on numerous factors that outline the performance
of the project. This means that the contractor theoretically could suggest the im-
plementation of reused materials in their tender, but in order to win the tendering
process they would still have to stay at a competitive price as the client is most
likely to choose the cheapest option, which is more difficult due to the uncertainty
and higher prices involved with reused materials. (Kamara et al., 2000)

Working with reuse requires new work routines and knowledge of how to handle
materials and products to maintain their quality and function as best as possible
(Park & Tucker, 2016). Therefore, it is required that the contractors are knowl-
edgeable in reuse and be ready to offer a way of working that enables smarter waste
management, dismantling and reuse. The contractor need to have a flexible business
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model and not get stuck in the documents from an early stage, but work flexibly as
reuse is not always what’s expected (Waern, 2021).

3.5.4 The Architect

The architects have great importance for reuse projects where they through their
visions and possible interest in reuse have the opportunity to enable and initiate
reuse. In order to succeed with reuse in projects, the architect needs to be involved
early on and distinct ambitions for reuse needs to be established prior to any demo-
lition of buildings on site (Park & Tucker, 2016). The design of the building should
thereafter be created based on the materials available after creating the reuse inven-
tory. In projects such as these, the architect needs to be involved throughout the
entire project as reused materials places greater demands on flexibility in design. In
practice this means that decisions about the appearance and design of the building
will have to be made continuously during the course of the project (Strand Nyhlin
& Afreds, 2022).

Even in new construction projects that do not involve demolition processes prior to
the construction, it is wise to include the architect at an early stage as the design
process will be iterative in these projects as well. Allowing flexibility in design will
make it easier to adapt the finished product based on what reused materials supply
is available at the time of construction (Gorgolewski et al., 2008).
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Case Study

The following chapter presents a case study of the work processes in construction
projects and looks into the current state of circular construction and reuse in general
construction project. Further, the case study also looks into a few examples where
material reuse has been implemented. The examples studied are projects in which
Skanska has been involved and thorough research has been conducted with the help
and input from resources at the company. The resources accessed revolving these
projects mainly involve interviews with project managers and information available
about the projects on the company’s website. The idea of studying these projects
were to gain insight on the current state and readiness for reuse in the industry as
well as finding the learning outcomes in regard to the planning and construction
processes when implementing reuse.

4.1 The General Construction Process

Skanska, which is one of Sweden’s largest contractors, builds everything from roads
and streets to high-rise buildings and bathhouses. Through the organization, there
are clear routines for how to work and build in order to be able to lead the busi-
ness towards satisfied customers, engaged employees and financial profitability. The
common tool VSAA ("Our Way of Working") may differ slightly between the de-
partments but generally it can be described according to the figure below.

-8

Figure 4.1: The stages in a construction process. The processes highlighted in
green are the ones taken in to consideration in this study.

4.1.1 Tendering Process

Skanska works with several different types of customers, such as municipalities, pri-
vate companies and their internal property and housing companies. This means that
the tendering process varies depending on the customer. For procurement processes
with municipalities and state-owned companies, the Public Procurement Act ap-
plies which is not the case for private customers. A tendering process is competitive
meaning other contractors also submit tenders and the contractors are pressured
against each other to provide products with the highest quality for the best price.
The requirements for the project are decided by the client and the contractors create
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their tender based on these demands.

The most critical obstacle regarding reuse in this stage of the construction process
is that generally the client chooses whichever contractor has the lowest price. In
order to solve this issue, the client has to prioritize environmental aspects over the
financial aspects, looking at all three parameters of sustainability (environment,
social, economy) and not just financial sustainability. Furthermore, the exact cost
of reused materials is not always known at this stage of the process which makes
it difficult to take account for such costs. One way of approaching this problem
is to use partnering contracts in which operating expenditure is applied (Personal
communication, Lisa Lundin, March 2023).

4.1.2 Design Process

If you win the tender and get the job, the planning of the project begins. Skanska
holds a start-up meeting with the customer where vision and goals are agreed so that
Skanska can later meet expectations and satisfy the customer. It is in this phase
that the customer can set environmental requirements or requirements for circularity.

After this, planning managers from different disciplines gather to set routines, riding
plans, quality levels and project goals. Drawings and action plans for the implemen-
tation of the project are created here. In this phase, it is decided which materials
are to be purchased and how they are to be built into the project. In this phase,
Skanska can be involved in providing suggestions for construction methods and pos-
sible circular solutions. But it is far from every project that Skanska proposes reuse
and other circular solutions, and this is largely due to the fact that they do not have
clear examples and experiences for which circular solutions they could introduce.
The client is often difficult to persuade to change, and therefore it is important
that Skanska is clear about the implementation and goal of the proposed circular
solutions. Skanska needs to develop a model with clear examples anchored in reality
that they can use as a basis for this process.

The major obstacle and problem when it comes to the design phase for the imple-
mentation of reuse is the time aspect. From design to finished construction, there
are often several years in between, which makes it very difficult to design reused
products and materials. If you don’t demolish a building in connection with the
new construction, you don’t know which materials are available for the need and
when you need them. Therefore, the design process needs to be made more flex-
ible for change over time. In addition, the buildings need to be designed so that
they can easily be dismantled and recovered when the materials have reached their
end point in the future. A further problem with the consumption of reused mate-
rials is that more is being built than is being demolished today. Which means that
there is not enough reclaimed material to be able to fulfill the need for new buildings.

4.1.3 Production Process

In the production phase, they must go to reality and the visions and goals previously
created must be fulfilled. During production, the contractor, usually together with
subcontractors, builds the project and ensures that the finished product is ready by
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the appointed time.

During the production phase there are clear routines for exactly how Skanska builds
and this is compiled under their tool VSAB (our way of building). This is a standard
for how Skanska as a contractor builds its houses etc.

The problem for implementing reuse in the production phase is that laws and regula-
tions set high standards for which certifications and qualities the building materials
need to have. The quality of new products is constantly evolving and it is also
difficult to determine the quality of a recycled product that has endured some force
or strain during its previous lifestyle.

Skanska has a desire to build with reused materials and in a circular way, but is still
in the initial phase of working with reuse. They lack work routines and practical
knowledge of how to work with recycling, but there are constant educations and
lectures about reuse and circular construction to promote knowledge and train their
employees. They have only built a few projects with reuse and these have been
innovation projects to test and learn from experience.

4.2 Projects with Experience in Material Reuse

The following section provides examples of construction projects in which reuse
has been implemented to different extents, followed by initiatives that were not
successful. Most of the examples provided are so called innovation projects and
differ from the usual projects. The driving forces behind projects as such are usually
the client. These examples have provided experience and more further knowledge
about circular construction and material reuse to Skanska.

4.2.1 Epic

In 2020, Skanska built the office building named Epic which is located on Univer-
sitetsholmen in Malmo. Epic is a six-story building with 12,000 square meters of
office space divided in to two building bodies connected by a verdant atrium (Skan-
ska Sverige, n.d.). Epic was an innovation project where Skanska wanted to use
recycled and reused products to see how it works in practice and to create a talked
about and attractive office building. There were no precise calculations made on
behalf of Skanska in regard to savings of carbon dioxide emissions thanks to the
implementation of reuse and recycling in the project. However, estimations entail
that Epic emitted 100 tonnes less carbon dioxide compared to if traditional building
methods and materials were used. (Strand Nyhlin & Afreds, 2022).

Skanska refers to Epic as "the office of the future" and this is due to the fact that
Epic was one of the first projects in Sweden to clearly implement reuse and recy-
cling with intent. In the project, Skanska managed to reduce the climate impact
significantly through reuse and recycling old building with the help of the Danish ar-
chitect Anders Lendager(Strand Nyhlin, 2021). The Danish architect firm Lendager
has a sustainable approach to the built environment and design buildings only using
reused and recycled materials (Strand Nyhlin, 2020).

29



4. Case Study

The walls of the atrium are made of wooden panels where the wood material has
been reused from window frames and wooden beams from a demolition project in
Nyhamnen. They have also used a sound-absorbing cloth made from recycled PET
bottles and mixed in waste material from Epic’s old facade in to the floor tiles
(Skanska Sverige, 2019).

Figure 4.2: The green atrium of Epic, with reused wood as the wooden panels
(Skanska Sverige, n.d.).

The learning outcomes from the construction of Epic was that reuse needs to be
implemented from the start of the planning and design phase. And at the same
time, you need to be able to be flexible during the course of the work, as there is
a risk that it will not always turn out as planned(Strand Nyhlin & Afreds, 2022).
Therefore, it is important that the cooperation between the client and the contractor
works well and that both take responsibility for the project(Strand Nyhlin & Afreds,
2022). Good cooperation and mutual understanding is required to effectively solve
the obstacles and problems that may arise during construction with reuse.

4.2.2 Nya Konst

Nya konst is a project that Skanska is building for Akademiska Hus and the faculty
of arts at Gothenburg University. Akademiska Hus is an example of an innovative
client which prioritizes reuse and considers circularity in their projects due to their
sustainability goals. The project consists of two new buildings with 35 thousand
square meters as well as the reconstruction of the previous building Artisten that
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will be transformed to meet the future needs of the (Skanska Sverige, 2022). The
construction started in January 2023 and the project is expected to be finished in
stages over the course of the years 2025-2027.

As a part of the project the previous building Artisten will be renovated in order
to create new spaces that better meet the needs of the university. During the
dismantling processes of Artisten, various materials were found suitable for reuse
(Skanska Sverige, 2022), and these will be used and replace new materials and
therefore reduce the project’s climate footprint. According to Respondent 6, there
were initial difficulties finding suppliers who would recover or restore the materials.
However, after significant efforts from the project manager the materials could be
refurbished and thereby used again.

Figure 4.3: Vision picture of the project Nya konst (Skanska Sverige, 2022).

4.2.3 Varvstaden

Many industrial environments around Sweden have previously been converted into
offices and homes, but in Kockum’s old area, in the middle of Malmé city, this
conversion is done in a unique way(Strand Nyhlin & Afreds, 2022). Shipyards and
industrial environments from the beginning of the 20th century are to be transformed
by the year 2035 into 182,000 square meters of offices, hotels and other businesses,
as well as 2,500 apartments. The project is run by Varvstaden AB, which is owned
by Peab and Balder, and before the transformation, Lendager group presented a
sustainability strategy for the reuse of the buildings that would not remain.

Existing material from the site will be used in the new projects and this reduces the
environmental impact significantly(PEAB, 2021). For Varvstaden, materials such
as concrete, steel, glass and brick will be reused or recycled to the greatest extent
possible, where preliminary calculations showed that over 80 percent of all existing
materials could be reused. Up to 2 million bricks will be reused and used in various
facades in the area. These recycled bricks save carbon dioxide emissions equivalent
to the annual emissions of 810 Swedes. If Varvstaden succeeds in its goal of reusing
80 percent of all existing material, the CO2 saving will be 30,000 tons compared
building with new materials, which corresponds to the annual emissions of 6,666
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Swedes(PEAB, 2021).

Figure 4.4: The brick facades of the old building will be kept or reused in the new
projects.

A lesson that Varvstaden AB has learned is that it is more difficult to implement
recycling in new housing projects(Strand Nyhlin & Afreds, 2022). Initially, they had
ambitions to reuse bricks, steel and windows, but this was not possible as the homes
must be Svanen-labelled and the reused materials were not CE-marked. The reused
products will instead be more interior design products such as fixtures, benches and
hooks that create a nostalgic feeling in the homes. It has also emerged during the
course of the project that reuse is usually not cheaper than new materials and there-
fore you need to be aware of this and set a risk fee for reuse(Strand Nyhlin & Afreds,
2022). The environmental benefits needs to be put in perspective to the financial
risks.

4.3 Obstacles in the Implementation of Material
Reuse

Further, the contractor Skanska has experience of projects where material reuse was
not approved due to the detailed development plan for the municipality. Specifically,
the bricks that were going to be reused were not in alignment with the detailed de-
velopment plan due to the fact that they had a different color compared to what
was specified in the plans (Afreds, 2023).

When developing and rebuilding the St. Erik area in central Stockholm, Skanska as
the developer wanted to use the frame and foundations of existing buildings. But
this was not approved as this did not correspond to the principles that were deter-
mined in the detailed plan. The aim from Skanska’s side was to reduce the climate
impact from the construction stage through recycling and to be resource efficient
(Afreds, 2023). The group manager for sustainable business development said: 'Un-
fortunately, there was no review of the detailed plan, but the City of Stockholm still
appreciated the proposal for reduced environmental impact and recycling and will
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consider this aspect for future work with other detailed plans" (Afreds, 2023).

4.4 Learning Outcomes

The gathered experiences from the above mentioned projects gave insights in the
commonly occurring obstacles regarding material reuse. To mention a few, the chal-
lenges include the end users mindset toward reused products, late changes in design
due to changes in supply and the logistics regarding the reconditioning and storage
of the dismantled construction materials. Solutions to such problems involve a flex-
ible design process that is more forgiving to changes later on in the process and a
strong collaboration with the suppliers who are the most knowledgeable and have
the best capacity to recondition, store and resell reused materials. Further real-
izations involved the contractor’s role in reuse and the fact that contractors have a
limited amount of impact on the project as the final decisions generally are up to the
client. Contributions from the contractor involve the coordination of the actors (e.g.
suppliers, subcontractors, the client etc) and construction activities. Therefore, the
contractor’s main tools to enhance reuse are through knowledge and successful col-
laboration with other stakeholders.
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Results

In this chapter, results from the interviews conducted will be presented. The inter-
view results have been processed accordingly to what is described in the methods
chapter. The general format for the interviews, questions and talking points are
presented in appendix A. Furthermore, findings and the results from the case study
conducted in the report will also be presented in this chapter.

The semi-structured interviews were conducted with key roles in the construction
industry as well as with different sustainability experts and specialists working in
the segment. A total of eleven interviews were held with the various respondents.
The idea was to gain perspectives and insight from people in different roles through-
out the entire construction process and the various stages. Given the variation of
respondents, a larger range of construction projects and clients were covered which
contributed to obtaining a more objective point of view on the subject.

5.1 Current Implementation of Reuse

As previously mentioned, the topic of reuse and circular construction is relatively
widespread within the industry, but that there is a lack of knowledge and routines
about how to actually work with reuse in practice. This is something that our
respondents have confirmed with the fact that there are very few projects where
reuse is requested and even fewer where it is actually implemented. Respondent 6
said that reuse has previously been more widespread in the industry, but as quality
requirements have increased and material prices have fallen, it is now cheaper and
easier to build with new materials.

Skanska is one of the leaders in the industry and does a lot that is good from an
environmentally sustainable perspective, but with their size, resources and knowl-
edge they can do even more. They have so much knowledge in-house that could
have been put to good use and used more in every construction project. Skanska
has only implemented reuse in a few so-called innovation projects, but it is reuse
in each project that makes the big difference for the climate and the transition to
circular construction. As Respondent 2 says, Skanska needs to raise its lowest level
in each project to make a bigger difference.

35



5. Results

”Skanska works very well with sustainability and has decided
to try to be at the top of the industry at all times. However,
they need to raise their minimum level, it is good with
cutting-edge projects, but the big difference is by raising the
minimum level.”

-Respondent 2

5.2 Knowledge

According to multiple respondents, the first important step in the transition to circu-
lar construction is to acquire knowledge about the topic and set goals for circularity.
It has been clear from the interviews that the level of knowledge in reuse varies alot.
Skanska, as one of the leaders in the industry, wants to be at the forefront when it
comes to circular construction and therefore holds lectures and seminars on Fridays
to educate its employees in the subject. These lectures are called "circular Fridays"
where driven and knowledgeable people in circularity are invited to lecture the em-
ployees. These meetings are then recorded and posted on the Skanska intranet for
all employees to take part in afterwards. These lectures can educate the employees
and contribute to eradicating the current situation where there are many who under-
stand the meaning of why we need to switch to circular flows instead of linear ones,
but there are few who know how to proceed with this and how it actually should
be done in practice. It is one thing to set goals and visions but quite another to
actually work for and fulfill these. There is today a gap between idea and action in
the industry where routines and attitudes are obstacles are the reason for these gaps.

This gap may also be due to the fact that the level of coordination in circular con-
struction and reuse becomes smaller the closer the people work to the construction
site. The knowledge of circular economy specialists is quite large and understanding
while those who actively build and plan on site have little understanding of the
subject that creates an unwillingness to change the way of building. The lack of
knowledge is the main hindering factor and the threshold for implementing circular
construction methods seems to be bigger in reality.

5.2.1 The Reuse Initiative: Handslaget

As a part of making the transition from linear to circular material flows in the
industry, the initiative Handslaget was created by Business Region Gothenburg.
Handslaget acts as a networking arena and community for actors who have signed
the initiative. The main purpose with the initiative, according to Respondent 1, is to
help property owners in the region to achieve goals of circular construction through
setting demands on the different stakeholders in the industry. To give an example,
the project Nya Konst which was mentioned in the literature study is initiated by
Akademiska Hus who is a part of Handslaget.

Providing a platform where the stakeholders can share information and experiences
on the matter can hopefully inspire and help other stakeholders who strive to im-
prove their work in circular construction. Respondent 1 also mentioned that they
aim to act as a match making service between companies in the industry and com-
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panies who provide services or tools that can facilitate circular construction. There
are almost 40 property owners, public and private, who have signed Handslaget and
thus taken responsibility of working to succeed with circular construction. The ini-
tiative will serve to establish a developed market for reuse in Gothenburg at a rapid
pace and on a larger scale. For municipal property owners, reuse and other circular
solutions will be the first choice for new construction and renovation.

According to Respondent 1, the municipality has limited means and tools to influ-
ence the laws and regulations for construction and therefore, they mean it is hard to
set demands on the actors of the industry. Respondent 1 means that it is mainly up
to the Swedish planning and building act to regulate and set such requirements on
the municipalities. However, they still want to play their part in making the tran-
sition from linear to circular construction and that is part of the reason Handslaget
was initiated. Handslaget can be considered as one of the municipalities incentives
or contributions to the transition of circular construction and reuse.

5.3 Identified Challenges for Reuse

The results regarding obstacles for reuse in construction are in alignment with what
was found in the literature study. During the interviews there were two recurring
obstacles that many respondents meant were the reasons as to why it is difficult
to implement reuse in construction projects at a larger scale. According to both
respondent 2 and 5, who both have a significant background from the contractor’s
perspective, the lack of suppliers who can provide reused products was one of the
obstacles. This obstacle correlates to the other commonly mentioned obstacle which
referred to the uncertainty of supply in reused materials. Not knowing what mate-
rials will be available at the time of construction creates challenges in the planning
stages.

Further, material reuse requires a lot of commitment from project managers in terms
of the logistics and administration. Respondents from the interviews share that the
current state of the market for used and restored construction materials is too un-
certain and small. The lack of a marketplace for such products leads to the project
manager having to spend significant amount of time to find or sell such materials
on the second hand market. Respondent 11, who was dedicated to reduce material
spill and waste through posting and selling materials said she had to do so in her
own spare time. This was partly due to a tight schedule but also due to the lack of
routines for how such processes should work.

5.3.1 Swuccessful Reuse Market

In order to succeed in implementing and build in more reused products into new
buildings, it is necessary that there are materials available on a market or from
one’s own previous demolition. The majority of the respondents see today’s market
for reused materials as immature, sprawling and difficult to match supply and de-
mand. The range of reused materials is small and the materials that are actually
on the market are sold on various sales sites that make it difficult to find what
you are looking for and in the quantities you need. Respondent 1 thinks it would
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be a good idea if a buy and sell page was created where all materials, products,
buyers, and sellers could be gathered instead of having it spread out over several
different ones. Respondent 1 thinks that if the market for reused products is to un-
sure and complicated others will go with new and easily accessible materials instead.

There are somewhat divided opinions between who should take responsibility for cre-
ating a functioning market for reused materials. Some respondents think it would
be best if the material suppliers took back their products and reused them as they
know the most and best about their products. While some respondents had rather
seen a common market created by, for example, the municipality. It is difficult to
decide which option would be best as there are examples of both working well. But
it is clear from the respondents that it needs to be sorted out who can put guaran-
tees on the materials and who should bear the possible risks that exist with reused
products. Entrepreneurs are rarely willing to take chances and take risks as they
are controlled by the economy and, as respondent 8 described it, have tight margins
already as they are.

5.3.2 Laws and Regulations

In order to be able to implement reuse on a larger scale, the respondents believe
that laws and regulations needs to be changed in order to benefit reused construction
materials rather then prevent it. The actor with most influence in these processes
is governmental instances who are responsible for the planning and building act but
also the municipality, which handles building permits.

Respondents 1 and 2 believe that laws need to be stricter and that more demanding
requirements should be placed on construction projects for emissions and environ-
mental standards. By setting requirements or rewarding successful projects, you
motivate and drive companies to constantly work to become better in sustainability,
where reuse is a major issue. Respondent 2 emphasized that laws and requirements
need to be changed to suit reuse where the materials may vary a little bit from what
was planned from the beginning. There are examples of a project where Skanska
wanted to build with reused bricks, but the initiative was stopped because the reused
bricks had the "wrong" color compared to what was specified in the building permit.
It needs to be more flexible in building permits and other legal requirements if you
want to promote reuse in construction projects.

5.4 The Different Roles in Reuse

The interplay between the different stakeholders involved in construction projects
is a key aspect in the implementation of large scale reuse in new construction. To
succeed with the implementation of reuse on a large scale, it is required that all
actors involved work together and strive towards the same goal. In order to enhance
good collaboration, it is required that the actors take specific responsibilities and
initiatives which are further specified below. From the interviews, it is evident that
the implementation of material reuse in construction is still in the development pro-
cess and generally actors do not have structured processes for reuse. Because of this
it is not obvious who is responsible for each part of the processes needed for the
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implementation of reuse.

5.4.1 The Client

From the interviews carried out in the study, it was often mentioned that the client
beholds the largest opportunity to decide whether or not the project should use
reused construction materials. Project managers also mentioned the contract form
as one important parameter for the possibilities to implement reuse. Ultimately, the
client decides what the end product will and they are the ones who set demands on
the design and functions of the building. Further, the client is the financier of the
project and in the end, the one who pays for any extra work or added material costs.

Some clients have good internal knowledge of reuse and work in several projects with
reused materials, while others do not have that knowledge and does not work in that
way. It has emerged through the interviews that clients who lack knowledge in reuse
find it difficult to switch to circular processes and tend to consider implementations
of reuse a liability, financially and in terms of time and warranty. Therefore, it is
commonly occurring that clients take the easy way out and leave ready-made doc-
uments to the contractors on what to build as it gives more control of the project
in terms of time and money. According to respondent 9, one of the main reason the
clients do not want partnering contracts for the construction projects is that there
is no predetermined price but a running bill which is frightening for some clients as
they assume it will be more expensive.

Also highlighted during the interviews was the fact that sometimes, the client is ac-
tually the driving factor in initiating reuse and setting demands on the contractor.
According to respondent 7, there are numerous clients who are innovative and open
for reuse and try to implement reuse whenever possible. This also gives the con-
tractor an opportunity to gain experience on material reuse in construction projects
which can help the future implementation of reuse at a large scale. If the client
is the driving force behind the implementation of reuse in the project, it is also
more likely that they are aware and willing to take the risks associated with reuse.
Respondent 7 mentioned that the risks clients are worried about mostly revolve the
financial aspect as well as aesthetics.

5.4.2 The Contractor

The contractor plays an important part in the implementation of large scale reuse
in new construction projects. It is the contractor who in practice carries out the
construction of the reused materials and therefore it is important that the contrac-
tor has good knowledge in reuse and how different materials must be handled and
installed. Respondents state that Skanska is knowledgeable in reuse and have the
right competence to construct with reused materials. However, respondents also
mean it is difficult to influence the client or the project in that direction when the
client has a predetermined vision for the project. Methods for better implementa-
tion of reuse at larger scale in such scenarios could include the contractor presenting
concrete suggestions and methods for the implementation of reuse.
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Respondents at Skanska believe that being involved in early stages would be ben-
eficial for the implementation of reuse as the contractor can share their knowledge
and experience to influence the project towards the better. However, it is commonly
occurring that contractors receive projects where the client has already prepared for
and planned the design of the building. Representatives from the contractor side
often experience that it is difficult to propose changes about the design or materi-
als in hindsight. There is a lot to be gained for the client in utilizing partnering
contracts and the knowledge and experience from the contractor. In doing so, the
client has the potential to become more knowledgeable about building in a circular
manner and implementing reuse in their projects.

The productions engineers stated that the individuals’ knowledge in reuse decreases
the closer they are to the construction site. The level of knowledge about reuse and
circular construction is generally higher amongst the sustainability experts and spe-
cialists in the organization. However, respondents experience a communication gap
between the specialists and the employees who work on site. The goals and visions
presented by the sustainability experts seem to have a hard time reaching the con-
struction sites and project managers. Therefore, the goals are not always achieved
nor prioritized as they are general and not custom for their specific project. In order
to bridge this gap, it is important to keep educating all employees through initiatives
such as Circular Fridays to inspire and motivate people throughout the organization
and not just the specialists. This way, employees who work with reused construc-
tion materials in practice also gain a better understanding for how important their
individual contribution is for the bigger picture.

Other challenges from the contractor’s perspective with today’s methods of construc-
tion involve the highly set requirements and strict routines and behavioral patterns
that are difficult to change. Respondent 2 described that routines for construction
processes need to adapt to a more circular approach in order to facilitate and favor
reuse. According to multiple respondents, the current state of the construction in-
dustry even discourages reuse and the use of reused materials as it is economically
unsustainable due to the fact that reconditioned and restored construction materials
generally are more expensive. However, there are also cases where reuse happens
out of coincidence. Respondent 8 highlighted that some of the reuse already takes
place on construction sites without the initial intent to reuse. For example, tem-
porary constructions such as temporary doors and temporary guardrails are used
in several different constructions. Leftover waste is often used as temporary con-
struction or for surrounding buildings such as a bicycle storage or a garbage station.
This reduces the climate impact somewhat, but not excessively, but every step to-
wards a more circular mindset regarding construction is a step in the right direction.

5.4.3 The Material Suppliers

Respondent 6 and respondent 2 both highlighted that the material suppliers play a
key role in enhancing and making reuse at a larger scale possible. This is because
it is the material suppliers who are most knowledgeable about their products and
therefore have the right competencies to perform tests and guarantee the quality of
the reused products. In doing so, the supply would be more consistent and reliable
which would make it easier for contractors and clients to design and plan for reused
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materials in their construction projects.

Stena Stal is one example where the supplier succeeds in doing so, their concept is
to take back steel beams and locate where they have previously been in a former
building, to see how old the product is or at what capacity the beam possesses.
Through the establishment of this information about the beam, the amount of test-
ing and samples needed for the beams are decided and then conducted. After the
sampling and testing process, Stena Stal can see if the beam is fit for reuse and if
so, resell the beam to customers with quality certificates and guarantees. Another
reliable supplier that delivers reused materials is Bruksspecialisten who specializes
in reused brick. Respondent 4 who works at Bruksspecialisten looks positively at
the possibilities for large scale reuse in the near future. However, they mentioned
that there are yet a few obstacles that need to be overcome before the supply chain
can be complete and reliable. One of these challenges involve the mindset from the
customers, they have to be more flexible in regards to design and more accepting
towards various bricks as the wanted volume might not be available in one specific
color. Further, customers who send their bricks for restoration with Bruksspecial-
isten often want or expect that their exact bricks will be sent back to them which
causes logistical problems. Respondent 4 says that the best way to scale up the
reuse would be if a customer submitted their brick and then received a check for a
corresponding amount of brick, but not necessarily the specific bricks they turned in.

Respondent 6 and 3 told us that Stena Stal is actively searching among demolition
projects to find its old beams that can be restored, and quality tested, and then
get a new life in another project. This business model also simplifies the market for
reused products as the reused products are found on the same market as new prod-
ucts. It is often complicated and difficult to find reused products, but if they are in
the same product sheet as new ones, it greatly facilitates the reuse. Since the market
for reused products is limited and often cannot meet the quantities needed in new
construction projects, Stena Stal’s business concept is creative as they complement
orders for new products with quality-assured and reused products. Respondent 3
gave an example where if you for instance need 100 beams for a project, you can
order 97 new beams and 3 reused beams. In doing so, the carbon dioxide emissions
can be decreased significantly as steel production has a very high environmental
impact. Therefore, suppliers have a significant role in restoring and delivering qual-
itative, restored products as it is more difficult and demanding, both in regards of
time and logistics, for the contractors to do so themselves.

5.5 Interplay Between the Different Actors

During the interviews the importance of strong collaboration between all actors was
also mentioned as one of the main factors for reuse to be implemented in more
projects. The client needs to be interested in implementing reuse, the contractor
needs to contribute with their knowledge and know-how on the topic and the suppli-
ers need to provide the products and materials. Respondent 8 especially highlighted
the importance of the collaboration between the client and the contractor but the
respondent also mentioned that other actors such as the municipality and the sup-
pliers play an important part as well.
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”Collaboration is necessary, someone must want to build
sustainably and someone must be able to deliver. One can’t
exist without the other, there has to be a synergy.”

-Respondent 8

If the client and contractor are in a partnering agreement or use early contractor
involvement, the contractor is more likely to influence the design process and suggest
sustainable ways of production including implementation of material reuse. Accord-
ing to respondent 8 the interplay between all the actors involved is the most crucial
step in order to make the transition to a more circular building industry. However,
the client has the most significant role as they are the ones who set demands and at
the end of the day the one who finances the project. Therefore, according to respon-
dent 8, it is important that reuse is financially beneficial in order to justify it for the
client. This way, the client can take advantage of the contractor’s knowledge and
experience and the most sustainable, both environmentally and financially, outcome
can be achieved.
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Discussion

The gathered results from the literature study and the empirical study give a mul-
titude of different perspectives and insight to the topic of material reuse in new
construction. The results and answers are summarized and discussed in this chap-
ter. The research findings from the study were assessed and elaborated and further
the relevance and implications of the results were discussed. Also covered in this
chapter are the limitations of the study as well as ideas for further research on the
topic. Moreover, a reflection upon the study is made which covers data gaps, po-
tential sources of errors and confounding factors.

Key findings from the study include realizations about an unsustainable approach
to the built environment and new construction. The construction industry holds
such a large share of environmental pollution and needs to change its attitude to-
wards demolition and new construction. There are many examples of fully functional
buildings that have been tore down to be rebuilt again. In such cases, the client
should firstly consider if it is truly necessary to tear down the building at all or if the
building could be refitted for its new purpose. If that is not possible it is crucial that
the building is dismantled in a way where the materials keep its value and function
in order to be able to be used again and again.

6.1 Current Implementation of Reuse

The current state of reuse in the construction industry is limited. From the con-
ducted study in this report, it is evident that there are driving forces in order to
understand how to better implement reuse. In reality however, the actual use of
reused materials is quite low as the stakeholders consider the process difficult and
complicated. There are a few good examples of projects where they have succeeded
with material reuse, but these are innovation projects. Reuse should be implemented
in the general project in order to raise the minimum level and thus do better for the
climate. Because raising the minimum level for all projects would mean much more
for the climate than the innovative key projects. Our study has shown that reuse is
usually only implemented for projects that are seen as innovative projects or where
eager and driven individuals themselves take the initiative. Since there are no clear
work routines for reuse, enthusiasts are required who have the energy to take the
time and energy to create their own working methods to succeed in implementing
reuse.

From the interviews and the literature processed in the study it is evident that there
is a strive and will to implement reused materials in construction projects. The in-
dustry in broad is aware of the climate challenges they are facing and there are
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numerous creative and innovative actors in the industry who set great examples for
circular construction and reuse in the construction industry. The gathered results
from the interviews also show that there are notable incentives to get better at im-
plementing reuse and reducing material waste from the significant majority of actors
and stakeholders that were interviewed. But there is still a gap between idea and
reality where actors are afraid of failure and there are no routines for how to work
with reuse. The interviews have shown that there is too much uncertainty about
guarantees, logistics and the market, and this creates too great risks in construction
projects that already have small economic margins. The desire to work with reuse
and previous good examples of projects with reuse show that it is possible to imple-
ment more reuse in the projects. What seems to be the common denominator is that
there is no routine or general process for the implementation of reuse in projects.
These uncertainties make companies hesitant and reserved to implement reuse as
the risks are currently considered too great.

6.2 Discussion of Research Questions

In the coming paragraphs, the results of the study will be discussed based on the
research questions on which the study was based on. These research questions will
also be answered built on the findings of the study.

6.2.1 Actors Responsibilities in Reuse

Findings from the report show that the client’s have a crucial role in the imple-
mentation of reuse. Even though material reuse in construction requires extensive
collaboration between all stakeholders, it is evident that the client plays the most
significant role as they are the one actor who finances and initiates the project in its
entirety. Therefore it is often the client who has to initiate reuse or environmentally
conscious construction projects. Still, this requires that the client is open minded
and susceptible for such initiatives. From the interviews, it is evident that the clients
generally are susceptible for these types of initiatives as long as it does not majorly
impact the timeline or finances of the project.

There is a need for more direct demands and regulations from the government and
municipalities to drive construction companies to raise their minimum level and
build more sustainably. Based on the case study, there are clear examples of where
laws and regulations have prevented proposals to implement reuse in projects. It
is easy for contractors to lose motivation for reuse if they are constantly refused
building permits based on little things as like color of reuse materials and such.

The contractor also plays an important role on setting realistic expectations on
clients based on their given circumstances because they vary from case to case. Most
clients can probably afford implementing reuse to a certain extent but as the costs
of reused materials are slightly higher it might not be achievable for all customers
to reach the same goals. One idea could be for the contractor to have a business
offering where reuse is included in some way in all their tendering offers but at dif-
ferent levels depending on how much effort the client is willing to put in. Although
it sounds harsh, construction companies will not change their ways of working to
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more sustainable ones just to be nice, but it is about having economically favorable
business models. However, today’s world situation with the war in Ukraine and
increasing material prices can be a driving factor to implement more reuse in con-
struction. New materials will become increasingly expensive, which will make the
financial barrier for reuse smaller and could make reuse more economically beneficial.

6.2.2 Collaboration Between Actors

To start the journey of a more widespread implementation of reuse, the involved
stakeholders need to collaborate and communicate what needs to be done. One of
the main findings in the study, that also answers the second research question, was
that the collaboration between client, contractor, suppliers and other involved ac-
tors is of utmost importance to be able to successfully implement material reuse in
construction projects. As mentioned in the case study, partnering contracts between
the client and contractor open up for the possibility to share knowledge and allow a
more flexible design process. This in turn enhances the possibilities for applications
of reused materials. Another obstacle in the implementation of reuse revolves the
logistical aspect of reconditioning and storage of the reused materials. To approach
this issue, the suppliers are most suitable to take on this responsibility as they have
the right knowledge and capacity to do so. At this stage it is important for the
suppliers and contractors to communicate the supply and demand for materials in
order to solve the logistics.

6.2.3 How Contractors can Enhance Reuse

The contractor plays an important part in regard to the coordination of construction
projects and communication between actors in the projects. However, as the con-
tractor itself does not provide the materials or physical goods but only the service
of construction, they have limited means to impact design and material selection as
the client has the final say. Furthermore, if the contractor beholds relevant infor-
mation and the right tools to offer the client material reuse in projects that could
be one approach to further implement material reuse in new construction projects.
Therefore it is crucial that it is a part of the contractors business offering to pro-
vide more sustainable options which includes more extensive circular construction
methods, such as material reuse, as an option in order for the customers to make
the right choice.

However, through enthusiasm and desire, the contractor can push the client to im-
plement more reused materials. It would make it easier for the contractor if they
could deliver a clear model for the client on which circular measures they can intro-
duce, what the benefits are and what they cost. It is difficult for a client who is not
familiar with the subject to grasp the scope of reuse and then a clear model would
be beneficial to be able to understand how reuse will affect their project financially
and the climate positively.
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Lastly, it is important to set realistic and attainable goals regarding circularity for
the projects. Aiming to high increases the risk of thinking it is unattainable to
achieve the goals and could be demotivating rather than the opposite. Therefore, it
is important to highlight that all reuse, no matter how little, is better than no reuse
at all.

6.3 Improvement Potential for the Near Future

As mentioned previously, there are no obvious routines or structures for how to
work with reuse which becomes a problem for the implementation of reuse. Highly
set goals and ambitions become overwhelming and unattainable, especially when
routines for reuse are lacking. To get the implementation of reuse started and thus
see how it works and create new work routines, it would be smart to start a little
smaller and more realistic. Review which building parts are most worth reusing in
terms of benefit per effort and start with them and based on that take learnings and
set new goals for the future. The most important step in getting the implementation
of reuse started on a larger scale is to create new work routines and create a market
where products move in circular flows. Therefore, we believe that the steps that
today may feel small should be implemented and these will later get the ball rolling
and lead the way for large-scale implementation of reused materials. For example,
it would be an excellent first step to reuse bricks, where there are material suppliers
who have routines for taking back the bricks, testing and quality assuring them, and
then selling them again. As the transition for the industry will take time, the most
important thing for the industry now is to get the ball rolling and the other will
follow afterwards.
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6.4 Proposals For Skanska and Other Major Con-
tractors to Enhance Circular Construction

As a part of the study, and to answer the third research question, we have created
the figure below with the purpose to suggest tangible ideas for the enhancement of
reuse in construction projects. The parameters in the figure are examples of ob-
jectives to aim for in order to achieve higher levels of reuse as well as circularity
in new construction projects. The parameters include goals for waste disposal per
square meter, emissions per square meter, reusing a certain amount of products in
projects, including demolition plans etc. These parameters have been developed
through facts from the literature study and the results from the interviews. The
goal of this figure is for it to serve as an embryo and a start for a useful model that
Skanska can use to quantify its circular solutions at different levels. In the future,
this model can be linked to practical examples and function as a sales model where
Skanska can present its circular solutions and what they mean for the customer fi-
nancially and what benefit it does for the environment.The figure is presented below.

Level 1 Level 2 Level 3
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Demolition plans in lannine and design integreted with the
Demolition plans the planning and P g g . BIM model and
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organizational
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inventory of materials

. ..., R hr r mor
) Reuse one material Reuse two materials in euse_t ?e’ or more,
Reused materials . . . materials in the
in the project the project X
project

Look over the

opportunities for
i . Selling the material
reusing waste

Waste management Sort waste into materials in spill through second
g correct fractions hand platforms such

ding buildi
surrouncing BUlidings o cc build or Klaravik
such as storage units or

bicycle garages
Waste per sqm, accouring to
Upphandlingsmyndigheten 37 kg/sqm 30kg/sqm 20kg/sqm
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CO2-emissions per sqm, during . percent of the percent of the
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construction stages (A1-A5) reference values and  reference values and
Boverket . ..
limits by Boverket limits by Boverket

Figure 6.1: Our model with tangible suggestions for enhancement for circularity
from a contractor perspective
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Regarding the planning and design process it is evident that the structures in place
today are not fully suitable for reuse as they do not respond well to changes in later
stages of the construction process. Therefore, it is important to adapt the design
stages into processes that allow changes later on, meaning the design process would
be more iterative. For this to happen, not only the contractors and clients need
to have an open mind in regards to later changes but also the municipality needs
to have permitting processes that can allow for changes in design and appearance
due to reused products. Another important aspect in a circular design process is to
include demolition plans, meaning that the buildings are designed and constructed
in a manner where they can be dismantled to preserve the materials. This makes
reusing the materials in future projects less difficult. As a part of creating demo-
lition plans, an inventory for what materials are included in the building can be
added so there is an overview of what materials and at which quantity is available
in the building.

The key to success might be to start small and maybe even find a niche of materials
through a supplier. Another incentive to increase the reuse could be implementing
some sort of bonus or reward system for the project managers who achieve the goals
that are set for the projects. It is also important to build today in a way that makes
it possible and easier to reuse in the future, and therefore every project should in-
clude demolition plans from the planning stage.
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6.5 Confounding Factors

One major parameter which occurred during the study was the fact that in reality
more buildings are being constructed in comparison to how much is being demol-
ished. This makes it difficult to create a functioning market that is in balance
regarding the supply and demand of reused construction materials. The demand for
reused products will be significantly higher than the available supply of reused con-
struction materials which makes it hard and unpredictable to rely on the supply of
reused products. This raises questions about if reuse is truly a sustainable solution
long term in the desired extent. The general ambition would be to reuse as much
materials as possible, which is positive, but the supply of reused materials will not
be enough to meet the demand for all projects in the industry. The reused materials
will not be able to meet the demand that exists to be able to build everything that
is being built in Sweden right now. New innovative solutions are therefore needed
to make the products, that reused materials cannot replace, better and more sus-
tainable. But as said, reuse is environmentally beneficial solutions that needs to be
seen as a first solution before looking at others.

6.5.1 The Economy Limits Circular Innovations

Something that has arisen during the interviews, which is not mentioned much in
the literature, is how much the industry is controlled and, in many cases, tied back
by the economy. There are many good initiatives and goals for what wants to be
achieved and implement in terms of building circular, but many of these do not hap-
pen as it is not financially sustainable. With the working routines and standards that
exist today, contractors do not consider it economically beneficial to work with reuse
on a larger scale and therefore decides to build in the traditional way. We believe
they want to build sustainable, but it has to be economically justifiable. Although
the industry is changing, it has historically been the case that project managers’
previous projects function a bit like their resumé in any promotions, where they are
evaluated based on how their projects have gone financially. This means that it is
not only the project’s finances that are affected but also individuals’ careers, and
therefore there is a lot of focus on economic benefit instead of building sustainably
and circularly. As said, this is changing in the industry but there is still some way
to go, the economy still has too much power over other soft values. It is necessary
to equate and find a symbiosis where soft values such as environmental impact and
sustainability are valued in the same way as the economical ones.
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Conclusion

To summarize the results of the study, the construction industry is trying to adapt
to the challenges regarding the significant negative climate impact the industry con-
tributes to. Specifically, the extraction of finite raw materials is one major source to
CO2 emissions. If the construction industry in broad makes changes in work pat-
terns and processes, material reuse will be commonly occurring in more construction
projects even at a large scale. The transition from linear to circular material flows
will take time as there is limited previous experiences and know how about such
processes. Actors that are successful in providing or implementing material reuse in
construction projects have been some of the first to do so meaning they have had
to experiment and try different methods to see what works best. Because material
reuse in construction is still in the early stages of evolving, a sort of learn as you
go approach is necessary to start the implementation. For this transition to happen
in the foreseeable future it is important to start making changes right away. Large
scale reuse in the industry might seem far away today but through many small
changes it will be possible. Setting small, attainable goals that can be achieved in
all projects will help starting the journey to a more sustainable approach in the built
environment.

7.1 Concluding Remarks

The industry is currently in the early stages of making a transition to circular ma-
terial flows. To be able to achieve successful implementation of material reuse in
new construction, structured processes for this needs to be put in place. Extensive
collaboration between all stakeholders is crucial and the environmental aspect needs
to be prioritized in order to implement patterns for reuse in new construction and
change current construction and demolition methods.

In conclusion, the study highlights the urgent need for the construction industry to
transition from a linear to a circular material flow in order to mitigate the significant
negative climate impact it contributes to. Material reuse is identified as a crucial
element in achieving this transition, but it is still in the early stages of evolving, and
there is limited previous experience and know-how about such processes. Successful
implementation of material reuse requires extensive collaboration between all stake-
holders, but the client plays the most significant role in initiating and financing the
project. Therefore, it is crucial that the contractor includes more extensive circular
construction methods, such as material reuse, as an option in their business offering.
This study has resulted in a model that can be used in its entirety or as an idea
for what such a business model for reuse could look like. Suppliers also carry sig-
nificant responsibility in regard to restoring and guaranteeing the quality of reused
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materials. The planning and design process also needs to be adapted to allow for
changes later on in regard changes in design and appearance due to reused products.
This also requires a more iterative approach to the design and building permitting
process. Finally, it is important to set realistic and attainable goals for the projects
and to start small by implementing reuse of construction materials.

7.2 Future Research

Future research for the topic of large scale reuse could include information models
that can communicate the supply and demand of construction materials. Further
relevant studies would be on the logistics and supply chain of reused materials. Lo-
gistical issues also include matters of the design and reliability on the supply of
reused products. To solve this, a more iterative design process could be researched.

There is still a gap between idea and reality for the implementation of reuse. To
bridge the gap, a practical study could be of great benefit to make observations and
gain practical experience. Efficient work structures for successful implementation
of material reuse need to be put in place. This could be supported through a field
study of several projects where reuse has been implemented. A practical framework
for reuse may help the contractor in their working methods and could serve as a
concrete example and selling point in procurement processes.
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A

Appendix A

Interview framework

- Describe your work role and your previous background.
- Do you have any previous experience of circularity?

- Do you work with reuse in your project/your organization today?

a) if yes, how do you work with reuse?

b) if no, do you have concrete plans to introduce or better implement reuse in future
projects?

- Are there requirements for environmental performance or maximum emission-
s/waste in your projects?
a) if yes, are these requirements complied with?

- What do you think are the biggest challenges to implementing reuse in your pro-
jects/your organization?

- Which actor do you think must initiate reuse requirements in order for it to be
implemented more in the industry?
a) What is required for actors to do this?

- How can the different stakeholders collaborate to better implement reuse in new
construction?
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