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Preface

United Nations’ Sustainable Development Goals (SDGs) have gained widespread
attention across multiple societal sectors. In the context of construction and the built
environment, governments are introducing new regulatory initiatives and client
organisations incorporate the SDGs in their procurement and contracting policies.
At the same time, market-based certification schemes are gaining momentum, and
businesses are reformulating their business models and strategies incorporating
SDGs and other approaches to sustainability. This development takes place against
the backdrop of growing societal complexity and systemic interdependence, which
entails that solutions increasingly rely on partnerships between disparate actors and
actions across scales and levels to succeed.

At the 11th Nordic Conference on Construction Economics and Organisation
that was held in Malmo and Copenhagen on 18-20 May 2022, scholars in the field
of construction management were invited to contribute to sustainable action by
addressing the overall question of how current developments challenge understand-
ings in the academic field, and how our research may contribute to reaching the
goals of society and businesses in the context of construction.

In response to our call, we received 37 contributions, which through a double-
blind peer review process resulted in 25 high-quality papers being accepted for the
presentation at the conference and published in these proceedings. The papers fall
into six coherent themes that formed the basis for stimulating discussions at the
conference about new perspectives and avenues for construction management
informed research on sustainability in the construction industry. The themes cov-
ered include:

e Education and social sustainability

* Business processes and the circular economy

* Renovation and resource efficiency in the built environment
* Innovations and digitalisation for sustainable development
* Policy support for sustainability and the circular economy

* Production and procurement for sustainable development
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Collectively, the papers explore and contribute to two main discussions within
the field of construction management. First, how management theories can be
applied to address societal grand challenges and contribute to application and devel-
opment of the SDGs. This includes questions of how procurement practices can be
developed to consider consequences of the circular economy and how new practices
are developed to reduce the consumption of scarce resources. Second, papers also
encompass reflexive studies of how global societal grand challenges, and the efforts
to implement the SDGs, affect organisations and institutions related to the built
environment. Examples of questions explored in this respect deal with how the new
EU Taxonomy Regulation for sustainable financing impacts business processes and
whether environmental regulation leads to greenwashing or deep sustainable change.

In responding to the call, the papers published in these proceedings explicitly
address one or more of the UN SDGs, and it is our hope that the papers will be seen
as a valuable starting-point and resource for further studies on the effect of, and
approaches to implement, more sustainable business and policy practices in the
built environment.

Gothenburg, Sweden Goran Lindahl
Copenhagen, Denmark Stefan Christoffer Gottlieb
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Chapter 1

Identifying Methods and Tools Toward
More People-Friendly Environment:

A Scoping Review

Mahgol Afshari, Alenka Temeljotov-Salaj, Agnar Johansen,
and Jardar Lohne

Abstract Cities are contending with issues such as traffic congestion, air pollution,
road accidents, and urban sprawl as the world’s population grows at a rapid rate.
Cycling and walking are nonmotorized modes that use no fossil fuel energy and
require comparatively little infrastructure. They also have lower implementation
and maintenance costs for users and governments than motorized forms of trans-
port. Therefore, this study aims to identify methods and tools for more active mobil-
ity. The identification of approaches that can be used as incentives to increase
walkability or bikeability in the Elgeseter district in the city of Trondheim has been
done through a scoping literature review. The analysis is carried out according to the
following research question: what can motivate citizens that commute to or travel
inside the Elgeseter district to change their behavior toward more walking or bik-
ing? The findings are divided into four groups: active mobility advantages, bike-
ability motivators, walkability motivators, and active mobility barriers. Though
almost all cities around the world are eager to address these issues, they will need
integrated planning approaches that include everything from land use to city infra-
structure design. Such approaches are necessary to encourage people to embrace
green-sustainable modes of transportation as a lifestyle choice rather than a forced
obligation. The study contributes to the knowledge about determinants that are
important for encouraging commuters toward active mobility in the Elgeseter
district.

Keywords Active mobility - People friendly environment - Walkability -
Bikeability
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1.1 Introduction

It is an ongoing trend that people are moving into cities, and there is a focus on the
development of smart cities in many countries in Europe (Collins et al., 2021). The
location, design, and operation of a residential or commercial complex have an
impact on how often people walk, bike, use public transportation, or drive, as well
as whether their commuting experience is pleasant or unpleasant. Other factors can
also influence people’s travel behavior, such as geographical characteristics, cul-
tural backgrounds, and awareness of traveling habits’ effect on climate change.
Active mobility including walking and cycling may result in cost savings, lower
CO, emissions, less noise and air pollution, and less car congestion (Rabl & de
Nazelle, 2012).

In accordance with the Trondheim city commitment to reduce greenhouse gas
(GHG) emissions based on (Trondheim kommune., 2017), the city is attempting to
overcome the effects of urbanization, city expansion, and highways as barriers to
efficient collaboration in a part of the city called the Elgeseter district. In the area,
the largest university and the largest hospital in Norway as well as many technolo-
gies and other companies are situated. There are different goals for the Elgeseter
project, and the project is moving toward Sustainable Development Goals. Achieving
zero emission, consolidation of sustainable lifestyles, supporting mental and soci-
etal health, moving toward innovation and development in an urban context, and
achieving a systemic change toward a sustainable society are some of the targets of
the project. Furthermore, improving active mobility in the Elgeseter district will
achieve three Sustainable Development Goals at the same time which are good
health and well-being, sustainable cities and communities, and climate action.

Elgeseter gate is an urban thoroughfare just south of Trondheim city center,
between Professor Brochs gate in the south and Klostergata in the north. The road
is a continuation of main road from the city center toward south. In this paper, the
term Elgeseter district will be used to refer to the area surrounding Elgeseter gate.
Figure 1.1 depicts the case study area, with the whole red circle representing
Elgeseter gate and surrounding area; the red dotted circle includes the connecting
routes to Elgeseter gate.

1.1.1 Scope of the Study

This paper reports on a scoping literature review focusing on identifying methods
and tools that increase people-centric and active mobility that is relevant for the
Elgeseter district. More specifically, the analysis ambitions to recognize incentives
toward increasing walkability or bikeability in the Elgeseter district. Based on this,
the research presented in this paper addresses the following main research question:
what can motivate citizens that commute to or travel inside the Elgeseter district to
change their behavior toward more walking and biking ? In the upcoming chapter, a
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Fig. 1.1 The focus area of the case study. (Map data: Google, 2022)

theoretical background about active mobility as part of developing a new town area
is discussed according to previous studies.

1.2 Theoretical Background: Active Mobility as Part of New
Town Development

In 122 nations around the world, more than 30% of adults were found to be physi-
cally inactive (Hallal et al., 2012). A considerable proportion of people in countries
all over the world have adopted sedentary and physically inactive lifestyles (Van
Dyck et al., 2013). This chapter provides a theoretical background on the relevance
of physical activities in people’s daily life, as well as how active mobility might
meet this requirement. Furthermore, walking and cycling as two major types of
active transportation are discussed, with bikeability being the more popular way of
transportation among the general public. Finally, a summary of active mobility as
part of the development of a new town area is presented.

Physical activity has been shown to increase emotion, sense of recognition, overall
life quality, anxiety neurosis (Ohmatsu et al., 2014), and lower depression (Dunn
et al., 2001). Regular physical activity can assist to reduce the risk of a variety of
chronic diseases and their risk factors, thereby improving global public health. On the
other hand, active mobility (i.e., walking/cycling to get from one place to another) can
be done regularly, is cost-effective, and is an easily accessible form of physical activ-
ity. It is simple to incorporate into adults’ daily lives; it may be an important contribu-
tor to meeting the daily physical activity guidelines for health (Mertens, 2016). Active
mobility (also known as nonmotorized mobility) is critical to the development of
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efficient and equitable transportation networks as well as the transition to more sus-
tainable communities (Victoria Transport Policy Institute, 2016).

Walking and cycling activities, among other sorts of physical activities, have
recently gotten more attention from both civic and academic sectors to increase
people’s physical activity levels. Their popularity has been aided by a variety of fac-
tors. First, walking and cycling are suitable for people of all ages because they do
not necessitate any special skills or equipment. Second, even though cycling is bet-
ter for longer excursions, walking and cycling allow people to choose their pre-
ferred movement intensity. Finally, walking and cycling can assist people,
particularly those from low-income groups, in breaking free from sedentary and
inactive lifestyles (Brownson et al., 2000).

From the perspective of commuter cyclists, a city’s cycling culture is the
most important determinant in commuter riding levels (Sager, 2002). In various
places throughout the world, policies and initiatives targeted at boosting the use,
accessibility, and safety of cycling have increased during the previous decade
(Pucher & Buehler, 2017). Furthermore, according to Waitt and Stanes (2022),
barriers to “commuter cycling” as “stop-start” journeys filled with interruptions
from traffic lights, crossing main roads, sharp corners, or pedestrians in the
same lane as the bikers are important elements to be considered to increase
bikeability in an area.

In sum, the natural and man-made environments, as well as individual and house-
hold characteristics, all have an impact on the decision to travel by bicycle (Heinen
et al., 2009). Bicycling infrastructure can help reduce greenhouse gas emissions,
while other measures that promote human-powered modes can help improve air and
noise pollution. These advantages motivate towns to encourage greater riding, but
doing so necessitates legislative changes that bring bicycling on par with other
modes of transportation (Desjardins et al., 2021a, b).

During the research presented in the paper, walkability and bikeability motivators
and barriers appear to be little analyzed in the literature. Not many papers are identi-
fied focusing solely on the methods for motivating people toward more active mobil-
ity. Therefore, the current paper tries to fill this knowledge gap by, firstly, identifying
the methods and tools for increasing active mobility, and, secondly, by analyzing the
factors which can affect citizens’ commuting behavior. This latter concerns especially
the factors that can motivate and encourage toward more walking and biking.

1.3 Methodology and Research Design

Scoping literature reviews are useful when the research intends to overview an
existing body of literature within a specific field to find potential research gaps
(Munn et al., 2018). The structure of the scoping review was inspired by the frame-
work developed by Arksey and O’Malley (2005). Scoping reviews are also adequate
methods when the research questions asked are broad and holistic without the
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intention of confirming or denying existing practices within the selected field
(Arksey & O’Malley, 2005; Colquhoun et al., 2014; Munn et al., 2018).

1.3.1 Systematic Search

Four databases were chosen for the scoping literature review: Google Scholar,
ScienceDirect, Web of Science, and Scopus. The study was limited to articles and
books that have been published in the last 10 years. By defining “motivation AND
commute AND walkability AND bikeability” as the main search string, 447 results
appeared in GS, 694 results appeared in SD, and no results in WoS and Scopus.
Based on the research question, the titles of the findings were read to select the most
relevant literature for the topic. After transferring all 346 relevant articles based on
their titles to Mendeley, five sets of duplicates have been found. So, for the next
step, we started to read the abstracts of the 341 remaining documents and transfer
the relevant ones to the comparison table. By reading abstracts, 53 final documents
were chosen as the most relevant to the research topic. The framework for the scop-
ing review performed in this paper is visualized in Fig. 1.2. In addition, two studies
with pertinent data were added to the references after a particular search with the
keyword “cycling commuter” in Google Scholar.

1.3.2 Search Procedure

Following the protocol of the scoping review, the steps are explained as follows
(Fig. 1.3).

1. One research question is defined.

2. After several trials and errors, an initial search of relevant studies was conducted
using available scientific databases with the following search string: “motivation
AND commute AND walkability AND bikeability.”

Research Question

What can motivate citizens that commute to or travel inside the Elgeseter district to change
their behavior toward more walking or biking ?

Search String
motivation AND commute AND walkability AND bikeability

Search Criteria and Databases
Years: 2011-2021
Language: English
Databases: GS, S, SD, WoS
Literatures: Articles, books, reports and theses

. s .

Fig. 1.2 Framework scoping study



8 M. Afshari et al.

Initial Search of
Relevant Studies

Screening of

Relevant Studies

Selection Criteria:
1) Wrrinen in English )
1 2 Fully accessible for Tty Alwaeyied.
authors
- Reading Title
= A . Total: 53
- Removing duplicates
\_
3) Define m String
(motivation ComaTte
| AND walkability AND - i
bikeablity)
e
k3 Total: 1141

Fig. 1.3 Scoping review process as followed in the research presented in this paper

3. The selected databases were Google Scholar (GS), Scopus (S), ScienceDirect
(SD), and Web of Science (WoS).

4. The language is limited to English, and the year of publication was set from
2011 to 2021.

In the upcoming chapter, the findings from the literature review are presented.

1.4 Results: Active Mobility, Bikeability,
and Walkability Factors

In this chapter, the results are presented in two different categories. In the first sec-
tion, the focus is on descriptive analysis, and in the second section, an overview of
the overall findings from the literature is presented.

1.4.1 Descriptive Analysis

In this section, the descriptive findings from review are analyzed from two different
aspects. In the first part, the number of publications of the examined papers during
the last 10 years is provided, and in the second part, the top journals are identified.
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Fig. 1.4 The number of publication trends between 2011 and 2021

1.4.1.1 Number of Publications

In general, there was a notable increase in the number of publications connected to
active mobility in 2020 and 2021, with nine and ten publications, respectively.
Between 2011 and 2019, the number of papers published ranged from three to six,
except for 2013, when no relevant papers were found. Figure 1.4 depicts the number
of publication trends from 2011 to 2021.

1.4.1.2 Top Journals of the Examined Papers

The number of papers in the most prestigious journals for the examined 53 papers
is depicted in Fig. 1.5.

“Transportation Research Part A: Policy and Practice” and “Environmental
Research and Public Health,” each with four papers, were the top journals in the
field of study of this report, according to the analysis. In addition to them, three
other journals, each with two papers, were active in this instance. The remaining
papers originate from grey papers, other journals, conference proceedings, and pub-
lishers, with each having less than two papers.

By presenting the descriptive analysis in this section, the main focus of the next
part will be on four different sets of findings from the literature.

1.4.2 Findings from the Literature

In order to identify approaches to increase active mobility, the main findings
from the scoping literature review are categorized into four groups. First, the
benefits of active mobility are presented. Then, bikeability and walkability
motivators are discussed respectively, and finally, the barriers of active mobility
are mentioned.
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Fig. 1.5 Top journals of the examined paper
1.4.2.1 Active Mobility Advantages

Active mobility modalities are a low-cost means of commuting with a low environ-
mental impact. Because of their low cost, flexibility, beneficial physical and psycho-
logical health impacts, and zero emissions, active modes (such as walking and
bicycling) are deemed green, economic, equitable, and convenient (Gan et al.,
2018). Walking or cycling as an alternative to motorized transportation for everyday
journeys is example of active mobility modes. Based on previous studies, each of
these alternatives is beneficial for the communities, and they have many advantages
for the people, societies, and environment.

Physical activity can benefit people physiologically by having a favorable impact
on their mental health, in addition to enhancing their physical health. Therefore,
active mobility, which is linked to health, physical activity, and the prevention of
chronic diseases, is increasingly being included in transportation and urban plan-
ning studies looking for alternatives to motorized transportation (Arbab et al.,
2020a). Cycling as one of the active mobility modes has been shown to reduce the
incidence of obesity, increase cardiovascular fitness, and reduce the risk of heart
disease, diabetes, high blood pressure, and a variety of cancer-related side effects
(Ojaetal., 2011).

Kim and Dumitrescu (2016) believe that bicycling is critical for creating a city
with sustainable development by lowering pollution from motorized vehicle emis-
sions, improving inhabitants’ health and physical fitness, and, most critically, mini-
mizing road traffic accidents. As a result, promoting bikeability and walkability as
a mode of transportation can help communities become more sustainable and
livable.

1.4.2.2 Bikeability Motivators

Changes in travel behavior have been demonstrated to be one of the most effective
ways to reduce greenhouse gas (GHG) emissions in transportation. Based on this
fact, cycling, in particular, is becoming increasingly popular as a non-automobile
means of transportation. Therefore, the main focus of this section is introducing
some incentives which can lead to an increase in the rate of biking between people.

According to prior research, there are a variety of bikeability motivators that can
encourage people to choose riding as a mode of transportation. Winters et al. (2010)
present that in Vancouver, Canada, different sorts of bicyclists, both existing and
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potential, rated “routes with magnificent scenery” as a top motivator, slightly higher
than routes with divided bicycle tracks or a flat slope. In another research, Heesch
et al. (2012), compared biking incentives between men and women and mentioned
that women were significantly more motivated by fun and enjoyment, getting fresh
air, incorporating physical activity into a busy lifestyle, confidence in their cycling
abilities, seeing other people cycle, encouragement from others, convenient or inex-
pensive mode of transportation, and environmental concerns than men.

According to Dill and McNeil (2013), protected bike lanes, known as “gold stan-
dard” bike lanes, are perceived to be safer than their non-protected counterparts
because they use a barrier to separate cyclists from motorists. This sense of security,
or comfort, could be critical in drawing more bicycles to the roads. In another study,
Habib et al. (2014) indicated that people who have a greater perception of a city’s
bikeability and a low level of safety awareness are more likely to pedal for utilitar-
ian reasons. It is also important to consider the quality of the urban environment.

While many research studies are discussing bikeability motivators without focus-
ing on the specific areas, some other researchers present their findings based on
different case studies in different geographical locations. For example, based on
research in Brisbane, Australia, shorter distances to destinations, such as a commer-
cial district with jobs and a river with bicycle routes, enhanced the likelihood of
riding (Heesch et al., 2015). According to another study, bicyclists in Seattle,
Washington, choose short, flat routes with well-connected amenities on highways
with low traffic speeds. Their research discovered higher variation in preferences
for views along routes with mixed land use, street trees, illumination, and city ele-
ments (Chen et al., 2018).

1.4.2.3 Walkability Motivators

A neighborhood’s walkability is a measure of how walkable it is considered to be
for people that walk in the district daily. The availability or absence of footpaths,
sidewalks, or other pedestrian rights-of-way, traffic and road conditions, land-use
patterns, building accessibility, and safety are all factors that can influence people’s
decision to walk as their primary means of transportation. According to Hess et al.
(1999), in more walkable communities that have a higher density and a diversified
land-use mix, there is a higher use of active modes and transit. Safe accessibility,
such as strengthening personal security and improving transportation safety, and
physical setting, such as boosting comfort level and providing supporting facilities,
can be also some incentives toward active mobility (Arbab et al., 2020b).
Hillnhutter (2022) and Vukmirovic and Gavrilovic (2020) approached the stimu-
lators in the urban environment, which influence the experience of walking (non-
monotone environment, not boring streetscape, green features, artistic elements,
gathering places, good visibility, safety). Alfonzo et al. (2008) believe that side-
walks’ width and quality, benches, and crosswalks all had a beneficial impact on the
number of pedestrians and/or the amount of time they spent walking. In other words,
well-designed green street facilities contributed to more attractive walking
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environments (Adkins et al., 2012). Moreover, the likelihood of preferring to walk
for both access and egress trips was positively and significantly linked with enough
perceived walking amenities and comfortable walking space (Wu et al., 2018).
Zhang and Mu (2020) also mentioned that if it’s busy, dark, or hazardous, people
will avoid walking. While strolling, pedestrians often consider additional facilities
such as a water fountain, a restroom, and shade.

1.4.2.4 Active Mobility Barriers

Identifying the constraints that prevent individuals from walking or cycling to their
destinations is the first step toward promoting active mobility. Greater distance,
increased household income, and increased car ownership are consistently related to
lower rates of active mobility among the factors that cannot be controlled for.
According to Pucher and Buehler (2006), bicycle journeys are less common in low-
density areas, as there are fewer places that can be visited in a short amount of time.
Elgeseter district can be described as a low-density area. There is the potential for
some restaurants, cafes, businesses, and perhaps a shopping mall to be built there,
but currently, there are not enough places there to be visited or make the district
attractive to walk or bike.

Ma et al. (2014) investigated active mobility barriers from an age standpoint. Ma
et al. believe that younger individuals are more likely to bicycle. Older adults are
less likely to ride a bike, which could be explained by the fact that as people get
older, they become more concerned about safety and fear of being injured in an
accident. However, Habib et al. (2014) explored cycling barriers from the perspec-
tive of gender. Based on his findings, women are more concerned about traffic and
safety conditions, which is why they are less likely to cycle.

Based on Rojas Lépez and Wong (2017), the most commonly reported walking
difficulties in Singapore were distance limitations, sluggish transport speeds, and
hot, wet weather. The need of carrying stuff (particularly for students) was also
emphasized. Users, primarily younger users, stated that they must commute a sig-
nificant distance to work or education. As a result, walking trips were frequently
overlooked. Some people said they have to carry a lot of stuff to go to work (note-
books, lunch, paperwork, etc.), which makes walking more than a few blocks
difficult.

1.5 Discussion

This study aimed to get a better knowledge of the advantages of active mobility for
people and societies as well as the barriers that exist in the growth of walking and
biking in the city as a genuine mode of transportation in such a constrained area.
Moreover, this paper tries to identify some motivators toward more walkability and
bikeability by using scoping literature review as the main research method to answer
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the research question: what can motivate citizens that commute to or travel inside
the Elgeseter district to change their behavior toward more walking and biking.
Here the results are discussed concerning the theoretical framework. In comparison
to active mobility advantages and barriers and bikeability motivators, walkability
motivators were discussed less in the literature.

Physical activities have been shown to help people’s health by lowering the risk
of becoming overweight or obese, as well as in the primary and secondary preven-
tion of a variety of chronic illnesses (Warburton et al., 2006). Therefore, in recent
years, numerous studies have attempted to discover various techniques for promot-
ing physical activity in the general public, with a particular focus on active mobility
as one of the most essential ways to improve an active lifestyle by utilizing walk-
ability and bikeability as modes of commuting.

Trondheim municipality has aimed to introduce Trondheim as a model and a col-
laborative arena for green value creation and the development of a climate-friendly
lifestyle. Furthermore, based on Trondheim kommune (2017), the municipality’s
goal is to reduce the greenhouse gas emissions by 80% before 2030, compared to
the 1991 level. Therefore, improving active mobility in the Elgeseter area will
simultaneously entail three Sustainable Development Goals: good health and well-
being, sustainable cities and communities, and climate action.

According to Zhang (2016), although individuals care about the walking envi-
ronment, the current metrics are insufficient in several ways. First, present method-
ologies do not take into account aspects of urban planning such as sidewalk quality,
walking buffers, and other elements that impact people’s walking behavior. Second,
understanding the neighborhood’s purpose and, more crucially, local people’s pref-
erences for the walking environment is vital for evaluating walkability. In a business
center, a residential neighborhood, and a university campus, people have various
walking requirements and expectations.

Inactivity and decreased physical activity/active transportation may be caused by
poor sidewalk conditions, restricted access to recreational amenities such as parks,
and a lack of local attractions (Arbab et al., 2020b). Moreover, areas with trees and
green space are also associated with more bicycling. Currently, there is not enough
green space in the Elgeseter district, and the area is mostly surrounded by old build-
ings which makes it a bit less attractive for the bikers. In other words, more walk-
able and bikeable communities may increase inhabitants’ views toward active
commute modes.

As unsafe paths discourage walking and biking, pedestrian safety is crucial to
improving active transportation. One of the significant issues which make citizens
less motivated to walk in the Elgeseter district is the lack of walking amenities in the
area. In most places, the sidewalk is not divided from bicycling paths, and the side-
walks are either too wide or too narrow. As a walkable city is one with safe, acces-
sible, and comfortable walkways, trails, and street crossings for people of all
abilities, planners should emphasize constructing paths to connect residences with
services and investing in more recreational facilities within walking distances in
rural regions, where physical activity and active mobility alternatives are severely
limited (Pavlick et al., 2020).
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Finally, findings indicate that it’s crucial to recognize that various users have
distinct travel habits and requirements. As a result, measures to encourage walking
and cycling should be tailored to the requirements of everybody, resulting in a
greater number of prospective users.

1.6 Conclusions

Elgeseter district as one of the most important streets in Trondheim city is experi-
encing challenges such as increased traffic, toxic pollutants, and noise pollution.
Increased active mobility in the area can help solve a lot of these problems. In accor-
dance with Temeljotov-Salaj and Lindkvist (2021) to holistically approach the
regeneration of urban spaces, the contribution to health and well-being is important,
from both physical causes and symptoms of poor health, and the social, economic,
and environmental components of individual community and overall well-being. In
other words, based on the importance of considering walking and cycling as a way
to improve the quality of life in cities, particularly Trondheim in Norway, with the
added benefits of enhancing public and private health and lowering harmful emis-
sions, traffic congestion, and noise associated with excessive automobility, the main
focus of this paper is on looking for incentives that will motivate residents to change
their behavior and choose walkability and bikeability as their preferred means of
transportation.

According to the practical findings in this study walking and cycling for trans-
portation (“‘active mobility”) are usually thought to minimize CO, emissions by
substituting for at least some motorized travel (de Nazelle et al., 2010). This is only
one of the benefits of active mobility in Elgeseter gate. Active mobility may not only
boost health as a source of physical activity, but it may also help achieve social and
environmental goals such as promoting social cohesion and lowering CO, emis-
sions by offsetting air pollution from motorized cars on such travels. So, to achieve
these environmental goals and move toward greater sustainability, certain recom-
mendations are made based on the research conducted by the authors of this paper,
particularly for the Elgeseter district in Trondheim. Moreover, as one of the aims of
UN SDG is to protect the planet, by improving active mobility, this goal will be
more achievable.

It is important that urban area developments be rethought and reconfigured to
improve traffic flow by including and supporting nonmotorized, less polluting
modes of transportation such as cycling and walking. In other words, the main street
just south of Trondheim city center, between Professor Brochs gate in the south and
Klostergata in the north, must be adapted to include walkways, crossing junctions,
and distinct cycling and pedestrian lanes with end-to-end connections. Secondly, to
reduce dependency on unsustainable modes of transportation, Trondheim kommune
has to construct a more inexpensive, accessible, and appealing transportation infra-
structure that is available to the commuters of Elgeseter district at any time.
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As aresult of these insights, policymakers of Trondheim will be able to establish
more effective policies for encouraging and developing active forms of transporta-
tion in the Elgeseter district. Therefore, it is critical for infrastructure and regula-
tions to match existing and future users’ expectations to provide an acceptable
walking and bicycle transportation network service and entice people to utilize it.
Furthermore, given the important public health, economic, and climatic implica-
tions of transportation behavior, for future work, researchers and funders should pay
particular attention to finding motivators for active mobility more specifically.

References

Adkins, A., Dill, J., Luhr, G., & Neal, M. (2012). Unpacking walkability: Testing the influence of
urban design features on perceptions of walking environment attractiveness. Journal of Urban
Design, 17(4), 499-510.

Alfonzo, M. A., Boarnet, M. G., Day, K., Mcmillan, T., & Anderson, C. L. (2008). The relation-
ship of neighbourhood built environment features and adult parents’ walking. Journal of Urban
Design, 13, 29.

Arbab, P., Martinez, J., Amer, S., & Pfeffer, K. (2020a). Toward active transport as a utilitarian
and recreational form of sustainable urban mobility. Adv. Intell. Syst. Comput., 1278, 635-644.

Arbab, P., Schrenk, M., Popovich, V. V., Zeile, P, Elisei, P., Beyer, C., Ryser, J., Reicher, C., Celik,
C., Pfefter, K., Martinez, J., & Amer, S. (2020b). Active mobility as a response to physical
inactivity in cities. pp. 15-18.

Arksey, H., & O’Malley, L. (2005). Scoping studies: towards a methodological framework.
International Journal of Social Research Methodology, 8(1), 19-32.

Brownson, R. C., Housemann, R. A., Brown, D. R., Jackson-Thompson, J., King, A. C., Malone,
B. R., & Sallis, J. F. (2000). Promoting physical activity in rural communities: Walking trail
access, use, and effects. American Journal of Preventive Medicine, 18(3), 235-241.

Chen, P., Shen, Q., & Childress, S. (2018). A GPS data-based analysis of built environment influ-
ences on bicyclist route preferences. International Journal of Sustainable Transportation,
12(3), 218-231.

Collins, D., Johansen, A., Kalsaas, B. T., Temeljotov Salaj, A., & Hamdy, M. (2021). Brought by
degrees: A focus on the current indicators of lean ‘smartness’ in smart cities. /IGLC, 167-176.

Colquhoun, H. L., et al. (2014, December). Scoping reviews: Time for clarity in definition, meth-
ods, and reporting. Journal of Clinical Epidemiology, 67(12), 1291-1294.

de Nazelle, A., Morton, B. J., Jerrett, M., & Crawford-Brown, D. (2010). Short trips: An oppor-
tunity for reducing mobile-source emissions? Transportation Research Part D: Transport and
Environment, 15(8), 451-457.

Desjardins, E., Apatu, E., Razavi, S. D., Higgins, C. D., Scott, D. M., & Péaez, A. (2021a). “Going
through a little bit of growing pains”: A qualitative study of the factors that influence the route
choice of regular bicyclists in a developing cycling city. Transportation Research Part F:
Traffic Psychology and Behaviour, 81, 431-444.

Desjardins, E., Higgins, C. D., Scott, D. M., Apatu, E., & Pdez, A. (2021b). Correlates of bicycling
trip flows in Hamilton, Ontario: Fastest, quietest, or balanced routes? Transportation, 49, 1-29.

Dill, J., & McNeil, N. (2013). Four types of cyclists?: Examination of typology for better under-
standing of bicycling behavior and potential. Transportation Research Record, 2387, 129.

Dunn, A. L., Trivedi, M. H., & O’Neal, H. A. (2001). Physical activity dose-response effects
on outcomes of depression and anxiety. Medicine and Science in Sports and Exercise, 33(6
Suppl), S587.



16 M. Afshari et al.

Gan, Z., Feng, T., & Yang, M. (2018). Exploring the effects of car ownership and commuting on
subjective well-being: A nationwide questionnaire study. Sustainability, 11(1), 84.

Habib, K. N., Mann, J., Mahmoud, M., & Weiss, A. (2014). Synopsis of bicycle demand in the City
of Toronto: Investigating the effects of perception, consciousness and comfortability on the
purpose of biking and bike ownership. Transportation Research Part A: Policy and Practice,
70, 67-80.

Hallal, P. C., Andersen, L. B., Bull, F. C., Guthold, R., Haskell, W., Ekelund, U., Alkandari, J. R.,
Bauman, A. E., Blair, S. N., Brownson, R. C., Craig, C. L., Goenka, S., Heath, G. W., Inoue, S.,
Kahlmeier, S., Katzmarzyk, P. T., Kohl, H. W., Lambert, E. V., Lee, I. M., et al. (2012). Global
physical activity levels: Surveillance progress, pitfalls, and prospects. The Lancet, 380(9838),
247-257.

Heesch, K. C., Sahlgvist, S., & Garrard, J. (2012). Gender differences in recreational and trans-
port cycling: A cross-sectional mixed-methods comparison of cycling patterns, motivators, and
constraints. International Journal of Behavioral Nutrition and Physical Activity, 9(1), 1-12.

Heesch, K. C., Giles-Corti, B., & Turrell, G. (2015). Cycling for transport and recreation:
Associations with the socio-economic, natural and built environment. Health & Place, 36,
152-161.

Heinen, E., van Wee, B., & Maat, K. (2009). Commuting by bicycle: An overview of the literature.
Transport Reviews, 30, 59.

Hess, P. M., Moudon, A. V., Snyder, M. C., & Stanilov, K. (1999). Site design and pedestrian
travel. Transportation Research Record, 1674, 9—19. https://doi.org/10.3141/1674-02

Hillnhutter, H. (2022). Stimulating urban walking environments—Can we measure the effect?
Urban Analytics and City Science, 49(1), 275-289.

Kim, P., & Dumitrescu, E. (2016). Share the road: Investment in walking and cycling road infra-
structure. UNEP FIA Foundation.

Ma, L., Dill, J., & Mohr, C. (2014). The objective versus the perceived environment: What matters
for bicycling? Transportation, 41(6), 1135-1152.

Mertens, L. (2016). Cycling for transport: The role of the physical environment.

Munn, Z., et al. (2018). Systematic review or scoping review? Guidance for authors when choos-
ing between a systematic or scoping review approach. BMC Medical Research Methodology,
18(1), 1-7.

Ohmatsu, S., Nakano, H., Tominaga, T., Terakawa, Y., Murata, T., & Morioka, S. (2014). Activation
of the serotonergic system by pedaling exercise changes anterior cingulate cortex activity and
improves negative emotion. Behavioural Brain Research, 270, 112—117.

Oja, P, Titze, S., Bauman, A., de Geus, B., Krenn, P., Reger-Nash, B., & Kohlberger, T. (2011).
Health benefits of cycling: A systematic review. Scandinavian Journal of Medicine & Science
in Sports, 21(4), 496-509.

Pavlick, D., Faghri, A., DeLucia, S., Gayen, S., Pavlick, D., Faghri, A., DeLucia, S., & Gayen,
S. (2020). Human health and the transportation infrastructure. Journal of Human Resource and
Sustainability Studies, 8(3), 219-248.

Pucher, J., & Buehler, R. (2006). Why Canadians cycle more than Americans: A comparative
analysis of bicycling trends and policies. Transport Policy, 13(3), 265-279.

Pucher, J., & Buehler, R. (2017). Cycling towards a more sustainable transport future. Transport
Reviews, 37, 689.

Rabl, A., & de Nazelle, A. (2012). Benefits of shift from car to active transport. Transport Policy,
19(1), 121-131.

Rojas Lépez, M. C., & Wong, Y. D. (2017). Attitudes towards active mobility in Singapore: A
qualitative study. Case Studies on Transport Policy, 5(4), 662—-670.

Sager, B. A. (2002). Is the constitution of a greenway trail network associated with cycling com-
muter use? — ProQuest. Retrieved March 10, 2022.

Temeljotov-Salaj, A., & Lindkvist, C. (2021). Urban facility management. Facilities, 39(7/8),
525-537.

Trondheim kommune. (2017). Kommunedelplan: Energi Og Klima 2017-2030, 48.


https://doi.org/10.3141/1674-02

1 Identifying Methods and Tools Toward More People-Friendly Environment... 17

van Dyck, D., Cerin, E., Conway, T. L., de Bourdeaudhuij, I., Owen, N., Kerr, J., Cardon, G.,
Frank, L. D., Saelens, B. E., & Sallis, J. F. (2013). Perceived neighborhood environmental attri-
butes associated with adults’ leisure-time physical activity: Findings from Belgium, Australia
and the USA. Health & Place, 19(1), 59-68.

Victoria Transport Institute — Online TDM Encyclopedia. (2016). Retrieved December 6, 2021,
from https://www.vtpi.org/tdm/

Vukmirovic, M., & Gavrilovic, S. (2020). Placemaking as an approach of sustainable urban facili-
ties management. Facilities, 38(11/12), 801-818.

Waitt, G., & Stanes, E. (2022). Reactivating commuter cycling: COVID-19 pandemic disruption to
everyday transport choices in Sydney, Australia. Journal of Transport Geography, 98, 103270.

Warburton, D. E. R., Nicol, C. W., & Bredin, S. S. D. (2006). Health benefits of physical activity:
The evidence. CMAJ, 174(6), 801-809.

Winters, M., Teschke, K., Grant, M., Setton, E. M., & Brauer, M. (2010). How far out of the way
will we travel?: Built environment influences on route selection for bicycle and car travel.
Transportation Research Record, 2190, 1.

Wu, J., Yang, M., Sun, S., & Zhao, J. (2018). Modeling travel mode choices in connection to
metro stations by mixed logit models: A case study in Nanjing, China. Promet — Traffic &
Transportation, 30(5), 549-561.

Zhang, X. (2016). Perceived importance and objective measures of built environment walkability
of a university campus (Master thesis). Wuhan University.

Zhang, X., & Mu, L. (2020). Incorporating online survey and social media data into a GIS analysis
for measuring walkability. Global Perspectives on Health Geography, 133—155.


https://www.vtpi.org/tdm/

Chapter 2
Social Sustainability in a Gender-Biased
Occupation
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Radhlinah Aulin and Vera Rytter

Abstract This paper discussed construction industry’s ongoing battle with gender
equality. Growing awareness of social sustainability responsibility has led to the
mounting importance of human resources in the organisations. One perspective
involves the focus on gender equality. Today women'’s participation in the construc-
tion industry is still low except in times of acute labour shortages. This dispropor-
tionate gender distribution leads to the construction industry losing competent and
skilled resources. The study aim is to identify challenges faced by women employed
in the construction industry, factors that make them stay (pull factors) and factors
that make them leave (push factors). To achieve this aim, a quantitative study was
adopted. A web-based questionnaire was sent out via social media. The web-based
questionnaire was open for 3 months, and a total of 124 women had responded. In
general, the majority of results from the study are in agreement with the literature.
The strong pull factors identified are as follows: interesting and challenging work
and good work relations. The push factors are as follows: not the dream job, unsuit-
able job, poor working conditions/environment and offensive behaviour. The output
of this study is the practical strategies on how to attract and retain women in the
construction industry: improvement of image through marketing; exposure about
the industry through education, female role models; eliminating macho culture,
improvement of the working conditions and facilities; and flexible working times to
accommodate those with family. With these recommendations, the industry can
achieve better gender equality, and this, in turn, may transform it by encompassing
a wider set of ethical considerations, including sustainable construction.
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2.1 Introduction

Since the Brundtland Report in 1987, there has been an increasing awareness that
the construction industry must support the sustainable development vision by
including social considerations throughout the entire construction project life cycle.
However, existing sustainability studies in construction are largely related to the
environmental and economic aspects. Social sustainability has not always received
as much attention as more focus is diverted towards the economic and environmen-
tal sustainability. It was only recently that a more conscious effort is given to the
social dimension of sustainability (Rasouli & Kumarasuriyar, 2016). Many research-
ers claimed that the social sustainability dimension is a concept in chaos (Vallance
et al., 2011; Murphy, 2012). Most definitions base social sustainability on people’s
needs leading to the well-being of society: diversity, integration, justice, gender
equality, inclusivity, participation, quality of life and democratic governance
(Sourani & Sohail, 2005; Peters & Allison, 2011; Almahmoud & Doloi, 2015;
Rasouli & Kumarasuriyar, 2016).

Growing awareness of sustainability and corporate social responsibility has led
to the mounting importance of human resources in most organisations (Amrutha &
Geetha, 2020). One perspective involves the focus on gender equality. Today, there
are occupations that are defined by gender such as women dominating the education
sectors, health care and social work while men dominate a more physically demand-
ing branch such as construction, firefighting and mining. In Sweden, below 10% of
the construction workers are women. There exists a wide body of research on wom-
en’s participation in construction industries around the world with a strong case
made for equality and inclusivity. The continuing underrepresentation of women in
the construction industry has been debated for decades that lead to political and
economic concerns. However, in South Asian countries, women play an important
role which consists of performing unskilled tasks for low pay (Wells, 2001).
Although women make up at least 20-40% of India’s construction workers, they are
less recognised than male workers, receive lower pay, often exposed to safety haz-
ards and subjected to sexual harassment. They are integrated into the building work-
force at the bottom end of the industry, as unskilled workers or head-load carriers.
Access to training is denied to them (Rahul, 2014).

To encourage women’s participation in the construction industry, the Swedish
government has decided that by 2030, recruitment of new employees must include
at least 25% women. This matches the UN development goals: 5 (gender equality),
8 (decent working conditions and economic growth) and 10 (reduce inequalities).
Another positive note is that there has been an increase in women employment in
the big construction companies. In the short term, the industry is tapping the local
resource and filling the skills gap of labour shortage without outsourcing from out-
side the country (Ginige et al., 2007). Despite the number of recent recruitment
initiatives, the industry has failed to make significant progress in recruiting and
retaining more women.
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2.1.1 Aim

To date, there is limited research examining the factors that enhance or impede
gender-based recruitment and their retention in the industry including the construc-
tion sector. To identify strategies to tackle this persistent issue, it is important to
have knowledge of the reasons why women choose to work in construction and
better understand how to improve gender balances. Although this has been
researched, there is a need for deeper insights into how to design strategies that
effectively promote the inclusion of women in the construction industry. Such
insights may benefit the construction industry to change the cultural stereotypes
resulting in the reduction of the labour shortage and competence gap.

The study aim is to identify challenges faced by the women employed in con-
struction industry, factors that make them stay (pull factors) and factors that make
them leave (push factors). To achieve the aim, a quantitative study (with free text
options) was adopted. A web-based questionnaire was sent out via social media
platform ‘Teknikkvinnor’ (Technology Women). The group ‘Teknikkvinnor’ is a
platform and meeting places for women in technology with a focus on career devel-
opment and personal development. The web-based questionnaire was open for
3 months, and a total of 124 women responded.

2.2 Gender-Biased Occupation

Numerous research studies confirm an accurate picture of the current and historical
challenges faced by women in a male-dominated working environment or vice
versa. Today, many professions are still gender biased largely due to the career
choices made during the education level. For example, 34% of men work in technol-
ogy and production compared to 11% of women; on the contrary, 24% women work
in health care, compared to 8% of men, according to the Swedish National statistic.
The bias is apparent both horizontally—simplified as women working with ‘people’
and men with ‘things’ (Su et al., 2009)—and vertically, with men dominating supe-
rior positions across sectors (Blackburn et al., 2014). This is true even in relatively
gender-equal countries, including Sweden. In 2014, The European Commission
reports that the gender bias in the labour market leads to recruitment problems for
employers, perpetuating the undervaluation of female-dominated work or vice versa
and limiting individuals’ career opportunities. The Swedish National statistic
reports that among the occupations most dominated by women (more than 85%) are
pre-school teaching, nursing and health care. On the other hand, more than 90% of
carpenters, plumbers, electrician, technicians, machine operators and truck drivers
are men. The Act on Equal Rights for Women and Men in the Labour Market was
substituted in 1992 for the Gender Equality Act. Today, even though women can
choose to work in any occupation, the gender-biased occupations still characterise
the labour market. The act has not changed the trend of women entering the work-
force where they remain in certain occupational sectors such as education, health
and service sectors, notably banking, insurance and the retail trade.
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2.2.1 Women in Construction Industry

The definition for male-dominated occupation in an industry is where women’s par-
ticipation is below 25% (Bigelow et al., 2015). Today women’s participation in the
construction industry is still low except in times of acute labour shortages when
women have received the opportunity to enter the industry (Clarke et al., 2015). In
construction-related occupations, approximately 98% of all employees are esti-
mated to be men (Bigelow et al., 2015). The number of women studying STEM
(science, technology, engineering and mathematics) subjects has increased over
recent years (Botcherby & Buckner, 2012): but this has been slow to translate into
improved employment participation, a picture reflected across the European Union
(EU). In Sweden, the same scenario is evident where only 10% of women who
studied within the construction programme work in the construction industry, and
this figure has been the same for the last 10 years (Sveriges byggindustrier, 2017).
The distribution of women studying construction-related subjects is as follows: (i)
college level, around 11% women; (ii) bachelor level, around 25% women; and (iii)
at the master’s level, around 50% women. In the labour market, 11% of the employ-
ees in the construction industry are women, and 23% of those work in a large com-
pany. A more equal or even higher distribution of women can be observed in the
architect’s office, specialist competencies and administrators within the construc-
tion sector.

2.3 Challenges for Women in Construction

2.3.1 Industry Image

According to Ginige et al. (2007), an image, the mental picture, decides attitudes
and behaviour of people, and it is built through a combination of both information
gained from the environment and relevant past experiences. The construction indus-
try is a good example of an industry-wide problem with ‘image’, which makes both
men and women reluctant or uninterested in the industry. The predominant image of
construction is that it is a male-dominated industry requiring physical strength and
a good tolerance for outdoor conditions; inclement weather and bad language are
cited as having a negative impact to women entering the industry. Other image-
related barriers include the dominant male workforce; exclusive networks; informal
recruitment; discriminatory sexist behaviour; bad language and sexist jokes; long
hours culture; competitive and adversarial ingrained culture characterised by mas-
culinity; conflict and crisis; challenging, dangerous and hostile environment; facili-
ties; training; career progression; and the present level of their participation (Dainty
et al., 2004; Amartunga et al., 2006; Aulin & Jingmond, 2011; Clarke et al., 2015).
An interesting study conducted by Gale (1994) revealed that both sexes share a
common image of the construction industry except for some image factors such as
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job security, equal opportunities in the industry and consideration of environmental
issues. An unavoidable image which is synonymous with the industry is its poor
working environment (including both the physical and psychosocial) which makes
it a less attractive choice for a career. Besides accidents at the workplace, reports
about construction failure, poor quality, effect on the environment, time and cost
overrun are some examples of the negative image of the industry.

2.3.2 Education

Today everyone is entitled to education in whichever field they choose. However, all
educations are far from equal. There are educations that still are gender dominated.
It is evident that educational stratification leads to occupational segregation (Fielden
et al., 2000). According to the Swedish National Agency for Education, in 2019, the
number of women who follow the vocational construction programme (construc-
tion, electrical, plumbing,) courses at college level is 7%, while 55% of women
follow the Natural Science programme (enabling them to further their studies at the
university). One reason for the low interest is society still favours the white-collar
employment to blue-collar or the socially acceptable employment when making
career choices. At the university level, the education is diverse with various speciali-
sations. The programmes that are most women dominated are ‘Health care,
Elementary Education and the Domestic spheres’ (HEED, pedagogic and teaching,
social science, law, and business administration). The technical and data pro-
grammes are male dominated.

Tellhed et al. (2016) explained the reason why men’s low interest in HEEDs is
not due to low self-esteem or how they perceive their ability in the field but due to
participation and social affiliation. Gender bias is not only limited to nursing texts
but found in the language and image of the nurse perpetuated within the classroom
and clinical practice areas (Meadus & Twomey, 2011). In a study by Rytter (2020),
majority of students who chose civil engineering programme based it on informa-
tion from family and friends (45%), from education roadshow (21%), from the
career guidance teachers during college (12%) and the rest from brochures and the
Internet. Majority of these students made the choices based on their interest, good
job opportunity and diverse education programme.

2.3.3 Career Opportunities

The potential to develop career opportunities in the construction industry is not
transparent both at the operative and professional levels. This includes, which quali-
fications or merits are required, to be successful. This is especially true for women
who enter nontraditional occupations; their choices are based on strong influence
from their family, friends and teachers (Agapiou, 2002). The decision of selecting a
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career in the construction industry should be taken well in advance at schools’ level
particularly by those who intended to be a construction professional in the future.
Lack of sufficient information can also mean that women who choose the construc-
tion industry often initially do not have a complete picture/knowledge of what the
activity entails. However, when they understand what career opportunities there are
and what the industry does, there is a risk that the industry does not meet their
expectations. This leads to a reduction in commitment and a preference to move on
to other professional roles outside the construction sector (Amartunga et al., 2006).
Additionally, there is the conflict between work and family obligations. A study by
Lingard and Lin (2004) showed that women in construction adopt an ‘either or’
approach to career and family. Women who choose to have a family develop lower
expectations of the work experience, while women who expect to balance both fam-
ily and career in the construction industry may experience significant difficulties.

2.3.4 Recruitment and Retaining

The recruitment process is a major challenge for many women who want to enter
the construction industry as they feel its terms of employment are aimed at attract-
ing men and not women (Adogbo et al., 2015). Equally important, an integral ele-
ment in recruitment, is retainment. Retention of workers within an occupation is a
measure of their satisfaction and ‘fit’ in the workplace. When being recruited, it is
important to understand not only how they can gain access to that field but also
whether or not they would remain there and under what conditions. Workers who
quit may not like the job; they may be ill-prepared for or ill-informed about the job,
or they may find that the workplace is very unwelcoming or alienating to them. In
the construction industry, the barriers resulting in the lower retention of women at
the workplace as identified by Green (1992) have changed little over time; they are
still relevant today, such as inequities, the assignment of tasks on the jobsite, train-
ing and skills acquisition, promotion opportunities, sexual and racial harassment,
deployment practices of contractors, the unwillingness of co-workers to teach them
and the limitations on career advancement within unions and companies.
Therefore, it is important to untap the women workforce and the best job seekers
that match the present and future needs of the industry. An important part of the
industry strategy is employer branding—to attract and retain high-quality and tal-
ented employees (Sivertzen et al., 2013; Kucherov & Zavyalova, 2012). Recruitment
of women in the construction workforce has been identified as a potential solution
to overcome the skills gap while enhancing equal opportunities for women within
the industry and to bring diversity to construction. Women workforce can provide
able skilled labour to fill the gap (Ginige et al., 2007). Chhabra and Sharma (2014)
suggested common organisational attributes such as compensation, career prospects
and growth, job profile, brand name, corporate culture, employee empowerment,
training and development, supportive and encouraging colleagues, innovative
employer/novel work practices, humanitarian organisation giving back to society,
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job security, recognition/appreciation, good supervisor and worker relationship,
customer-oriented organisation and acceptance and belonging. These emphasise
employers’ attractiveness as the envisioned benefits that a potential employee sees
in working for a specific organisation are image and branch equity (Berthon
et al., 2005).

2.3.5 Culture and Work Environment

There is a substantial body of literature emphasising that women who choose to
work in the construction industry are aware that it is male dominated with strong
macho culture, with stereotype challenges such as discrimination and harassment
(Amartunga et al., 2006; Adogbo et al., 2015; Naismith et al., 2017). Women hold-
ing a higher position may encounter mistrust from male colleagues and distrust
from the operative workers (Aulin & Jingmond, 2011). Another challenge is balanc-
ing between family and career; this is not only exceptional to construction industry.
However, as common knowledge, the construction industry is project-based with
long hours, moving from project to project and having intensive deadlines. This
may be a hinderance to women who would like to be successful in both her career
and her family. This may result in them prioritising their family and leaving the
industry. When working in construction projects, working conditions and working
environment can be challenging. Furthermore, the whole workplace culture poses
problems to women on site. For example, temporary sanitary facilities are usually
unisex, often without privacy and generally not well maintained. On top of proving
their technical skills, women workers need to have the ability to fit into the accepted
behaviour at the workplace which can be even more problematic.

2.4 Results and Analysis

The survey conducted managed to gather 124 responses. Majority of respondents
are below 26 years old portraying that they are newcomers to the industry with less
than 5 years working experience. Only 2% are in the oldest age range between 30
and 34 years old. The questions were divided into seven themes: image, education,
career opportunities, recruitment process, culture and work environment.

The first question posed was the industry’s image the respondent had anticipated
upon being employed in the construction sector. Is it of no surprise that 80% of
respondents answered male dominated and macho culture, followed by opportunity
for career development (46%) and require strong mental strength (30%). Only 26%
of respondents claimed that construction is synonym with tough working condition:
dirty, dangerous, stressful and bad weather. In the open text, respondents state that
the construction industry is exciting and challenging, secures future, stimulates
project and benefits the society.
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In this study, majority of respondents (73%) chose to follow the engineering
programme (with focus on construction) because of interest, while 45% do it
because of the good job opportunities. Only 18% made the choice because of family
or friends. In the following question, 73% of the respondents agreed that their
employment was based on their competencies. The questions posed during recruit-
ment interviews were based on standard formulas. None of the respondents felt
gender discriminated during the interview process. Nevertheless, 10% felt that they
were being employed because of their gender and the company is filling their quotas
to portray gender equality in the organisation. Interestingly, almost 10% of the
respondents were asked if they have children or intend to have children in the future.
Another interesting question posed by the interviewers is how the recruitment pro-
cess could be improved to attract more women into the branch. The size of a com-
pany does make a difference. Bigger companies usually have gender equality policy
in place and work actively to comply with it.

Responses regarding culture and work environment show a disturbing picture
that unhealthy working climate still exist: 83% of the respondents were not respected
by their male colleagues/management, 62% experienced poor working environ-
ment, 41% suffered sexual harassment, 29%% faced discrimination and 20% had
difficulty balancing career and family. Only 6% experienced any physically demand-
ing work, and this is reflected by the role of the respondents which is not as opera-
tives. In the free text section, few respondents claimed that prejudices existed due to
gender, were ignored by colleagues, belittled and even needed to prove their com-
petence. The newcomers were often addressed condescendingly and unappreciated
at the workplace. Many experienced offensive jokes, sexist comments or rude words
at the workplace including presence of sexist objects such as press mugs, posters
with sexist motives and Viagra in restrooms. One question (free text answer) posed
to the respondents asked if they have benefited by being a woman at the workplace.
The responses were that they were respected, accepted and received assistance
when needed from everyone including from the operatives’ level and the manage-
ment level. They agreed that being a woman can have its advantages in a male-
dominated occupation. For example, it creates a better working climate and a calmer
work environment; they stand out in the company (because there are so few of them)
and have better career opportunity.

One third of the respondents have had experience working on construction sites,
and half of them are still working on sites. An interesting question posed to those
that are still active is what factors attract them to stay (pull factors) in the industry
and to those that left (push factors) is what made them leave. The response for this
question is illustrated in Fig. 2.1 presenting the pull factors and the push factors.

Only 12% were concerned about gender equality at the workplace (Fig. 2.1). As
each construction project is never the same, it is no surprise that 70% chose to stay
due to the interesting work assignments (Fig. 2.1). Good relationship with male col-
leagues/management, enjoying challenges and being respected for their competence
were positive factors that respondents graded high for reasons to stay on. As for the
push factor (Fig. 2.2), the dominant reason is that it is not their dream jobs (46%)
and 32% respondents find the job unsuitable and poor working conditions/environ-
ment. Most of the respondents do not work full time on construction site. Some are
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Factors that made you stay (pull factors)

Diversity and gender equity - 12%
Follow the flow [ N N 20%
Short work experiences _ 25%
Good career opportunities _ 38%
Respect for my competence [ A ;%
Enjoy challenges | ¢':

Good relation with colleagues... [ NG | 5
Interesting work assignments _ 70%

0% 10% 20% 30% 40% 50% 60% 70% 80%

Fig. 2.1 Factors that attract you to stay in the industry (pull factors)

Factors that made you leave (push factor)

Not as expected [l 4%
Forced to leave [ 7%
Stagnantin career development [N 11%
Do not gain the same respect as male... _ 25%
offensive behaviour [ A 0%
Poor working condition/environment _ 32%
Not suitable for me [ R A 2%
Not my dream job | <o

0% 10% 20% 30% 40% 50%

Fig. 2.2 Factors that made you leave (push factors)

consultants or project managers and spend a couple of days a week out on construc-
tion sites. Others make site visits and inspections or attend meetings and visit con-
struction sites from time to time. Some respondents have answered that they stay
because they simply thrive and find it fun. One respondent wrote:

Love being part of a team where we build something physical that others can use. And that
no days are the same. New problems always arise that we have to solve. Can be stressful for
some but others like me are driven by it.

In summary, the survey results agreed with the literature about the industry image.
The respondents are aware of the image, tough working conditions and the macho
culture that exist before and after entering the industry (Wells, 2001; Ginige et al.,
2007; Adogbo et al., 2015). One positive result from the study/survey showed that
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there exists opportunity for career development in the industry which contradicts
Wells (2001) study that says otherwise. Role model could be one potential strategy
to attract more women in the industry as mentioned by Bigelow et al., (2015).
Regarding education, the results showed that the respondents are missing a female
role model or female mentor when choosing programmes at college/universities.
Respondents agreed that a mentor programme during work could help the newcom-
ers to have better information about career development and career path. Amartunga
et al. (2006) highlighted that having no clear information on career development can
make women employees leave the industry.

Besides having role models, respondents claimed that networking for women in
this industry can be seen as a support system for the newcomers. The survey results
showed that almost 74% of the respondents were employed based on their competen-
cies. Equally important to state that at least 10% felt that they were recruited because
of their gender where companies needed to fill their quotas and abide with the gender
equality policy. All respondents are in agreement that the recruitment process and the
advertisement were gender neutral which contradicted the study by Amartunga et al.
(2006). Regarding the question on building a family and having children, majority of
respondents are in agreement that companies need to be more open and flexible on
this matter. On the question about working environment, majority of respondents
claimed that they need to work harder to gain the same respect as their male col-
leagues, encounter sexual harassment, face sexist jargons and offensive attitude.
One-third of the respondents had experienced some form of discrimination as stated
in the literature. An interesting result from the survey is that some respondents felt
that being a women can be an advantage. They were being accepted, received more
help and gained more respect. Another advantage was that they are easily remem-
bered during meetings as there are only a handful of women on construction proj-
ects. It is easier to forward their ideas and thoughts. Majority of respondents stated
that even the male colleagues agreed that presence of women on projects/offices
improved their attitude, they were nicer and they avoided use of sexist remarks. From
the survey results, the pull factors, contributing to respondents staying on project
sites are: interesting work description, not one project is alike, daily challenges,
problem solving, good relation with colleagues/management, receive mutual respect
from colleagues/management, good career development and diversity. While the
push factors that made some respondents leave are; it was not their dream job, it
didn’t suit them, poor working conditions, poor working environment, offensive
behaviour and not receiving the same respect as their male colleagues. These are in
agreement with the literature.

2.5 Recommended Practical Strategies

The survey results match three UN development goals: 5 Gender equality, 8 Decent
working conditions and economic growth and 10 Reduce inequalities. To enhance
the results, a recommended practical strategy is presented in Table 2.1.



Table 2.1 Practical strategies to attract women to stay in the construction industry

Factors

Recommendations (ownership and responsible for implementation)*

Image

Marketing

Marketing the social factors in the construction industry and what the
industry contributes to society to create well-being for people®
Highlighting gender equality and how construction companies work
to achieve it™*

Highlighting women who are active in the industry®®

Highlight the more positive aspects of the industry®¢

Education

Primary education and below

Gender neutral information about construction through education materials®
College

Educate teachers about what and how the industry contributes to society!
Provide more visits/lectures by women from the construction industry*
Generate greater cooperation between schools and construction companies® ¢
Organise education campaigns by construction companies® ¢

Technical college and universities

Inform students in construction-related educations about the reality of
working life>?

Provide more visits/lectures by women from the construction industry®¢
Organise network meetings between students and women active in the
construction industry®¢

Female role
model

Increase the opportunity for mentorship for women who are new to the
industry. Mentors can provide information and materials to help increase the
ability to advance in the career®

Create and highlight role models that women can relate to®

Tlluminate the women who work in the industry today®

Construction companies to spread knowledge about diversity and inclusivity®
Employ more newly graduated women®

Ensuring equal pay®

Construction companies to invest in skills development so that the women in
the industry today are motivated to stay®

Female networking®¢

Culture and
work
environment

Eliminate macho culture and discrimination®

Tougher measures against discriminatory behaviour and the use of sexist
jargons and enforcement of these measures®

Management to play an active role as a driving force towards gender equality
and anchors it among employees®

Educate employees on gender equality, diversity and inclusivity®

Decent working
conditions

Workplace design
Nicer and cleaner office environments®
Separate changing rooms and sanitary facilities for women and men®
PPE
Adapt tools to women’s physiques and bodies®
Workwear design to suit for women®
Working time
Introduce more flexible working hours®
Clear implementation of parental leave®
Construction companies to investigate the potential for introducing flexible
work®

30wnership and responsible for implementation

"Construction companies, unions, The Swedish Construction Federation
‘Media (digital and non-digital)

dSchools, college, universities
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2.6 Conclusions

Results from the survey clearly showed that the construction industry still faces
challenges to promote recruitment of women and retaining this workforce. A con-
tinued promotion of the notion of a male-dominated industry must cease, in order to
encourage greater inclusion of women. The notion that the industry is gender biased
that differentiates between men and women will continue unless changes are made
in everything from behaviour and attitude to names and occupational terminolo-
gies. The changes are to focus on the pull factors on why women want to stay and
to improve it, while mitigating the push factors. This paper presents practical strat-
egy on how to attract women to stay in the construction industry which are follows:
improve image through marketing, increase exposure about the industry as early as
during the primary school, provide female role models at work and even at college/
universities, rigorously implement and enforce policy and regulation regarding dis-
crimination and offensive behaviour (verbal and graphic), improve working condi-
tions and facilities and introduce flexible working hours to accommodate those with
family. With these recommendations, the industry can achieve better gender equal-
ity that will transform the industry encompassing a wider set of ethical consider-
ations, including sustainable construction, secure employment and better work
environment. Theses practical recommendations will allow the construction com-
panies, the unions, The Swedish Construction Federation, schools, college and uni-
versities and media to fulfil the three UN development goals: 5 (gender equality), 8
(decent working conditions and economic growth) and 10 (reduce inequalities) to
achieve social sustainability in construction.
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in a Master’s Education Program
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Abstract Increasing minorities’ participation in high-tier and managerial positions
in the construction sector can compensate for the shortage of skilled workers faced
by the industry even in Sweden. However, relevant initiatives seem to not have
achieved substantial results yet. This is also evident in construction management
education, which then creates implications for the industry. In this paper, we attest
to shortcomings in tackling the aforementioned issues, as well as present possible
solutions. Theoretically, we adopt diversity management and critical diversity the-
ory and then conduct a literature review followed by an empirical focus on a mas-
ter’s education program for construction management in a Swedish university. Our
findings show that while methods and policies may exist, they are generally imple-
mented inefficiently. Even more alarmingly, there can be a “diversity washing”
through relevant low-budgeted programs, which may serve more as an extraction
for underperforming managers rather than serious initiatives. As such, university-
proposed solutions may fail, as the organizational structure does not support them,
and the responsibility of implementation lies primarily with the teachers. We there-
fore propose broader initiatives with a strong reflection in praxis — such as following
up on students’ behavior in the classroom and examining not only the way foreign-
ers can be integrated but also the way the majority is blindly maintaining and repro-
ducing its privilege. Those could allow construction management education to
contribute toward a diverse and equitable development of the Swedish construction
sector. In that vein, this paper aims to contribute to SDGs 4, 5, 8, and 10.
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3.1 Introduction

Clarke and Gribling (2008) had made the prediction that in many industrialized
countries, the construction industry would face a serious shortage of skilled workers
(esp. managers) — a prediction that, evidently, still holds true (Haakestad & Friberg,
2020; Jurisic et al., 2021). Increasing minorities’ participation — who have so far
been underrepresented in the sector’s managerial positions — can compensate for
this (Choi et al., 2022). Diversity management within companies is addressing this
by proposing a systematic plan and commitment to recruiting and retaining employ-
ees with diverse backgrounds and abilities (Kollen, 2021).

However, despite numerous relevant initiatives in the Swedish construction
industry (e.g., for increasing women’s representation in management), the rate of
minorities’ participation (particularly in the trades and on-site construction man-
agement) has not grown significantly over time; women constitute 9% of the total
workforce, although only 2% of the workforce involved in craft trades, and 5.25%
among site managers. The highest share of women employed in the Swedish con-
struction industry is found in administrative tasks (Byggforetagen, 2020; SCB,
2018). Similarly, whereas foreigners are well represented among blue-collar
workers (Thornqvist & Bernhardsson, 2015), their participation as managers has
been identified to be limited (Byrne et al., 2005). Moreover, when these minorities
are reaching managerial positions, they may still face stigmatization and discrimi-
nation (Conway et al., 2018). So, we once again take a closer look at minorities’
discrimination in the construction industry, by specifically examining the ways a
university is trying to deal with these issues and prepare students to work as man-
agers in the male-dominated and integrally homogenous Swedish construction
sector. Focusing on a master’s (MSc) education program in construction manage-
ment, this paper’s purpose is to reflect on the relevant issues, as well as to present
possible solutions addressing such issues toward the diverse and equitable devel-
opment of the Swedish construction sector. As such, this study also aims to con-
tribute to UN Sustainable Development Goals 4 (Quality Education), 5 (Gender
Equality), 8 (Decent Work and Economic Growth), and 10 (Reduced Inequalities)
(Immler & Sakkers, 2022). It should be noted that due to the paper’s delimited
scope, we simplify the minority categorization and conventionally use a binary
understanding of gender; however, we are aware that such traditional notions are
increasingly being challenged in scholarship and social representation
(Kosciesza, 2022).

This introduction is followed by the research method, a literature review on
diversity management, critical diversity theory, and minority discrimination in
construction-related industry and higher education (also in Sweden), the empirical
focus on the aforementioned MSc education program, a discussion offering critical
insights, and the conclusions.
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3.2 Research Method

3.2.1 Literature Review

The literature search was conducted using the concept-centric framework of sys-
tematic review augmented by units of analysis (Webster & Watson, 2002). As such,
the review was gauged to be completed when no new concepts relevant to the search
terms could be found (Webster & Watson, 2002). The main concepts were “minority
discrimination in construction,” “higher education,” “construction management
education,” “Sweden,” and “diversity.” The units of analysis emerged as the review
was conducted in several iterations — thus facilitating its revision. These units of
analysis included, indicatively, “gender” and “intercultural group work.” By apply-
ing exclusion criteria (Dundar & Fleeman, 2017) in each of the review iterations,
the references were eventually reduced to the ones featured in this study.

3.2.2 Empirical Part

For the empirical part of this study, a multi-paradigmatic approach (Lewis &
Grimes, 1999) was used, combining elements of autoethnography, action research,
and content analysis. Autoethnography is utilized to gain insights and qualitative
results through self-observation and self-reflection — also implemented in the con-
struction academia and industry (Grosse, 2019). It is hereby deployed to draw on
the authors’ own experiences (teaching in the MSc program for, respectively, more
than 9 and 3 years). Moreover, the authors utilize action research in the context of
higher education (Gibbs et al., 2017) to reflect the “fiduciary responsibilities”
(Pecorino et al., 2008) they have toward the students, namely, acting with the intent
of benefitting the students’ learning, not harming them, and ultimately leading to
knowledge coproduction with them (Gibbs et al., 2017). By engaging in autoeth-
nography and action research, we are both subjects and actors in the research pro-
cess itself, apart from being just observers (Alfaro-Tanco et al., 2021). This can be
considered a limitation, as it introduced our own biases in the analysis, but can also
be understood as a conditional possibility, because we were able to experience the
effects of the researched phenomena ourselves. Finally, content analysis (Donald,
2022) was deployed for reviewing 120 individual assignments of first-year MSc
students that self-assessed their performance and collaboration in group work. The
students’ citations mobilized for this paper are excerpts from these assessments.
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3.2.3 Synthesis

The synthesis of the insights gained from the literature review and the empirical
results follows the abductive reasoning of qualitative research — where observations
and explanations of phenomena are developed by working iteratively between the-
ory and data (Bell et al., 2019). Through abduction, critical reflections can be devel-
oped gradually (Bell et al., 2019).

3.3 Literature Review

There has been increased pressure for intensifying the participation of minorities
and marginalized groups (esp. women) in companies’ management — including
boards of directors (Choi et al., 2022). Research has shown that two main reasons
justify this intensification. First, women are assumed to bring different values and
attitudes in the workplace and therefore should improve company performance and
profitability (Nielsen & Huse, 2010). Second, there is a shortage of qualified candi-
dates, as leadership becomes more important in the face of globalization, fierce
competition, and shorter lifecycles of building concepts — creating pressure on com-
pany competences and recruitment processes (Norberg & Johansson, 2021).
Diversity management can be mobilized for solving this issue (Kollen, 2021).

Diversity management practices in the workplace are developed, formalized, and
implemented by organizations (Yang & Konrad, 2011). This is mainly dealt with by
Human Resources (HR) management and covers recruitment, reward, performance,
appraisal, employee development, and individual competences in delivering com-
petitive advantage through leadership and teamwork (Yang & Konrad, 2011; Koéllen,
2021) — also for higher education professionals (Rani & Kumar, 2021). By having a
planned strategy, the minority integration should be facilitated (Kollen, 2021). But
to be actually efficient, diversity management “should allow employees to bring
their entire set of identities to work rather than requiring employees to suppress
important identities in order to assimilate to the dominant organizational culture and
use the entire sum of their demographic and cultural knowledge to bear on organi-
zational problems” (Yang & Konrad, 2011). Diversity management usually builds
on traditional definitions of diversity (e.g., regarding race, ethnicity, or gender)
(Howarth & Andreouli, 2016). The authors are aware that individuals differ in
numerous ways, and factors such as migration history, class, material base, sexual
orientation, disability, culture, and religion should also be considered. However,
university projects and initiatives are still mostly dealing with traditional defini-
tions; as such, the authors revert to those for the purposes of the current study.

As a response to a too-rosy picture of diversity management as an economic
solution — downplaying the real minority issues in the workplace — authors have also
gathered under the banner of critical diversity theory (Zanoni et al., 2010). Their
main critique is that using a strong business rhetoric focusing on individual
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contribution, diversity management literature fails to address issues related to social
inequalities, discrimination, and exclusion, while downplaying power issues and
resistance (Zanoni et al., 2010).

In addition to the aforesaid, minorities are defined in many studies against a
white, well-shaped, heteronormative, and ambitious male (which itself may not fit
even with the general male population), and equality initiatives often imply that
minorities should be treated akin to this “ideal” man (Barnard et al., 2010). This
understanding assumes that this “ideal” model is the one to follow, and minorities
should be assimilated into the dominant group — regardless of differences between
(and within) minority and majority groups. However, ignoring those differences
might create a false dichotomy and hamper a contextualized definition of a minority
or marginalized group. For example, it is naive to treat women and men as homoge-
neous groups; it is likely that some women actually enjoy working in a male-
dominated sector such as construction and equally likely that some men in the
industry find this patriarchal culture problematic (Ozbilgin & Tatli, 2011).
Regardless, gender segregation is very well documented (also in construction), and
many studies are listing the challenges and dominant male culture of the respective
industries (also in Sweden, see Styhre, 2011; Johansson et al., 2021). Bridges et al.
(2020) identify a relationship between male gender identity, the work of skilled
trades, and the body, insisting that the traditional binary conception deems the femi-
nine body as inferior — especially in construction, where work is often associated
with physical performance. Existing informal recruitment and hiring practices also
reproduce existing inequalities (Bridges et al., 2020), even extending to managerial
positions (Choi et al., 2022).

The participation of ethnic minorities in construction management is, however,
less documented than gender segregation. Besides, most of the few studies address-
ing this issue are focusing on the managerial challenges linked to culturally diverse
managers on the building site and not on the way the respective minorities may or
may not access such managerial positions (Gale & Davidson, 2006; Dainty et al.,
2007; Loosemore et al., 2012). However, according to Clarke and Gribling (2008),
the adherence to traditional practices such as old-style apprenticeships, craft-based
skill structures, an itinerant workforce, and intensive deployment of labor can
explain the lack of managerial diversity in the construction industry.

In Sweden, researchers have documented ethnic discrimination, where immi-
grants face higher rates of residential segregation, unemployment, and criminality.
For example, Andersson et al. (2010) have demonstrated that the three successive
waves of state anti-segregation policies have failed to deliver the expected results.
In education, the Swedish system produces a considerable gap between nonimmi-
grant and immigrant students’ achievement results and completion rates, which is
above average when compared to other Western nations (Lundahl & Lindblad,
2018). As it is difficult for minority students to improve their personal position, they
may engage in various protective mechanisms — e.g., social and academic disen-
gagement — in response to negative stereotypes and previous experiences with dis-
crimination (Verkuyten et al., 2019). This can even mean that when arriving at the
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university, minority students may be already conditioned to a long experience of
discrimination (Buser & Koch, 2014).

To moderate minority discrimination in the classroom, Verkuyten et al. (2019)
have proposed a mixed classroom composition, close student-teacher relation, and
a multiculturality-conscious education. Regarding interculturalism and multicultur-
alism, Jansen (2004), De Vita (2005), Downey et al. (2006), Spencer-Oatey and
Dauber (2017), and Poort et al. (2018) have all shown that variability-conscious,
intercultural group work in project-based courses within higher education can help
diminish minority discrimination and help construct a flexible professional identity
that can function in multiple different contexts. Going beyond group work in the
classroom, Leask (2009) has noted that a rewarding and motivating integration and
interaction among majority and minority students on the curriculum and campus
levels is key — something seemingly aligned with high-level Swedish national poli-
cies for, overlappingly, internationalization and diminishing of racial discrimination
(Swedish Government Inquiries, 2018). On gender, Leicht-Scholten et al. (2009)
have argued for institutionalization of integration measures in research and teaching
(especially in STEM), while Lindberg et al. (2011) showed that among both teach-
ers and students in Swedish higher education, the distribution of high-tier career
paths between the genders is imbalanced — despite the almost equal percentage of
women obtaining the relevant degrees. Mellén and Angervall (2021) and Peterson
and Jordansson (2021) have been critical in that policy, enrollment, recruitment, and
organizational measures tackling gender discrimination in Swedish academia have
been relatively “shallow,” as they follow a neoliberal market logic and favor an
integrationist rather than a transformative translation of gender mainstreaming.
Regarding disability, studies focusing either on neurodiversity (Knott & Taylor,
2014; Casement et al., 2017) or physical disabilities (Corréa et al., 2021) have
shown that while higher education staff is reasonably well informed about existing
cases, there is a wide discrepancy on the measures and assistive technology imple-
mented to support disabled colleagues or students. The advent of a hybrid higher
education with a stronger (but not exclusive) digital element has the potential to
improve accessibility; however, ableist dynamics can still remain pervasive
(Fernandez, 2021). Finally — and calling back to Buser and Koch (2014) — disabled
students may have already been conditioned to be marginalized before arriving at
the university, due to factors like lack of parental support and class and economic
insecurity (Taneja-Johansson, 2021).

As such, the literature shows that the perpetual reproduction of minority dis-
crimination in the construction sector (including construction management) can
also stem from discriminations still existing in academic institutions and the
classroom itself, where the future professionals are being shaped. Consequently,
tackling such discrimination in higher education can help ameliorate the situation
in the professional field. Moreover, the studied efforts on diversity management,
critical diversity theory, and discrimination due to ethnic background, multicul-
turality, gender, and disability, while not exhausting all possible types of discrimi-
nation, do show that the responsibility of tackling those issues should not fall
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solely on teachers but rather emanate from the full program curricula and university
policies at large.

3.4 Empirical Part

After years of nondiscrimination policy (i.e., directing no initiatives to support
minority representation in the institution, as those had been claimed to reenforce
and legitimize existing discriminations), the Swedish university in the current study
has made a 180° turn and is expected to spend 300 MSEK (ca. 30 million €) in
2019-2029 to strengthen the representation of minorities in its faculties. The
employees are targeted first, as the institution aims at transforming the academic
culture, system, and procedures including recruitment. However, such a mobiliza-
tion is also reaching education. As such, fair treatment of diversity (in particular
gender equality) is to be integrated into curricula to improve quality and increase the
students’ relevant knowledge by adding specific learning goals related to the course
topics. Lecturers are to be given different types of support to be able to review and
potentially make changes to their courses, in terms of both content and design and
in case they have a particular interest in doing so. The focus is on the various ways
that traditional professional engineering roles and values are perpetuated, create
artifacts, and affect society. In that vein, teachers are expected to assess their course
content and education practices and incorporate a higher reflexivity toward the con-
sequences of their subject matter for equality and inclusion (Grzelec, 2021).

The appreciation and efficiency of these measures can primarily be regarded
upon the traditional division of gender — and even then, there are shortcomings, as
instead of making the education attractive beyond heteronormative male students,
relevant projects mostly attempt a quite shallow and not integral “queerification” of
engineering education. Statistics show that in the studied MSc program, the repre-
sentation of female students is not an issue, as they represent on average 43% of the
classroom population (see Table 3.1), but there is still a gender division in group
work and tasks. Moreover, female students have been reported to express a lack of
confidence in their competences, doubts, and insecurity, much more than male
students.

However, going beyond gender is even more difficult, as the students’ ethnicity,
background, or religion cannot be identified according to the Discrimination Act
(2008, amended in 2014). As such, we are facing a problem that we cannot properly
describe and measure, and the results of the proposed solutions are, accordingly,
hard to assess. Nonetheless, to aid such results and assessment, a toolbox aiming at

Table 3.1 Statistics of acceptance of female students in the MSc program
2017 2018 2019 2020 2021

Women/total number of students 27165 20/65 39/75 35/74 33/75
Women in % 41% 30% 52% 47% 44%
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educational settings is proposed to the teachers. In the department accommodating
the MSc program in construction management, this toolbox includes classroom ini-
tiatives for guided integration through work in mixed groups, introduction to cul-
tural relativity, diversity in the education team, and lectures and exercises in conflict
negotiation. Alarmingly, those do not always bear fruit. There has been documenta-
tion of mixed group integration being perceived as “forced” — with students prefer-
ring to revert to a Swedish/non-Swedish division, and given the chance, choosing a
homogenous grouping. There is an apparent mistrust toward “foreigners” (a “we—
them” mentality), and emerging conflicts are taken at the level of nationality instead
of differences between individuals. “It is difficult to work with the foreigners” is
often quoted in the students’ assessment of groups that have met difficulty. On the
other hand, international students may complain about local students’ lack of moti-
vation and commitment, as “they don’t care about the grades.” Some local students
do express a clear hostility to the presence of international ones as written by a
Swedish student: “The foreigners should not think that they will have a free ride in
our education and steal our jobs afterwards,” in a statement that can be characterized
as racist. The attribution of identity as a minority is not only exercised by the domi-
nant groups (Swedish and/or male) but is also mobilized by local students to account
for problematic situations. Students who face collaboration issues may attribute the
situation to the minority they feel they belong. For example, in the case of a five-
person group consisting of a subgroup of two Swedish female students and a sub-
group of three second-generation male immigrants, the teachers were contacted
separately by each subgroup for complaints against the other, correspondingly, for
being victims of sexism or racist discrimination. The insights also underline the
experiences of second-generation immigrants with displayed language and cultural
affinities who, although schooled in Sweden before entering the university, often
prefer to work together, rather than with Swedish students having no apparent
immigration background.

Such perceptions, related to either preconceived conditioning and/or lived expe-
riences, are held not only by Swedish-educated students but also by newcomers
belonging to national, ethnic, and racial minorities (as those are realized in the con-
text of current MSc program). However, whereas the local students have the possi-
bility to verbalize and act upon what they perceive as segregation, the international
students may not share the same opportunity.

A foreign student arriving in Sweden at the start of the program’s first course
stated: “I become more compromised when working with new people, esp. when
they have unfamiliar cultural backgrounds to me. For several times, I spent time
figuring out some suggestions on modifying project process and results, but eventu-
ally I gave them up, because I do not want to be hated for giving too much pressure
on my team members. But when I worked with my country classmates before, I
usually stick to my ideas unless there are more convincing ways to do.” Another
international student arriving at the start of an 8-week course has shared: “Every
meeting was an exciting time and a new attempt to communicate and learn more
Swedish language for communication. [...] The most exciting aspect of our meet-
ings for me was always practicing speaking Swedish ... then I was able to learn
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critical thinking, how to objectively question myself, and ask questions were con-
fused amidst my colleagues, esp. those moments when they unconsciously switch to
talk in Swedish on a fast mode and I am not able to follow the conversation. [...]
Our team meetings were practically the only times I had during the week to bond
with people, so I think I made judicious use of that time. [...] I had a view to doing
more, adding more elements to the slides also, but it was not generally agreed.
Thence, I obliged to my colleagues’ preference and built on it and it all eventually
worked well.” Language is a discrimination factor for international students who
feel excluded whenever the interactions are taking place in Swedish.

It should be noted that there are shades in those perceptions, and the students are
often conscious about them — as described in another personal note by a student of
an explicitly stated mixed Swedish and French background: “The first day we met,
I detected directly distinctive ways of communications to each other. One member
of our group couldn’t speak Swedish at all and had some difficulties to talk in
English fluently. The other two members seemed to know each other from the past
which created some kind of close bound between them. This made an invisible com-
munication wall between them, and it didn’t help when they, sometimes, only talked
in Swedish. Personally, being half French, half Swedish, I'm very used to these
kinds of gaps of communication. What I began to do is to always respond in English
when they tried to talk to me in Swedish. Therefore, without having to force the two
Swedish members, I gave them a social pressure to continue the conversation in
English, which I think the third non-Swedish-speaking member enjoyed. It usually
worked. The two Swedish members were very used to work in one way, by taking
the assignment task more as a direction giver for the project, whereas the non-
Swedish was used to follow the exact words by the letter of the task.”

Situations where more than one minority attributes are in place (e.g., gender and
ethnicity) can be even more complicated. In such a case, an uneven number of
groups had to pair to review the results of their project work, and a group of two
foreign female students was left aside — even after the teacher openly asked bigger
groups to divide and work with one or both of them. Eventually, one of the two
students said loudly: “If they feel uneasy about working with us, they should not be
forced to do so.” Eventually, one of the mixed groups invited them to join.

Such situations and established perceptions among the students seem to also
have their counterparts in the teachers. As shown in Table 3.2, more than half of the
courses are homogenously taught by Swedish teachers, while mixed teaching teams
in the rest of the courses include almost exclusively Europeans. The students, both
local and international, recognize a difference in treatment according to the use of
language. Swedish teachers tend to build their course on Swedish case studies

Table 3.2 Gender and ethnic distribution of teachers in the MSc program

Mostly
MSc Swedish Mixed Male male Gender- Mostly female
program only (European) only (>75%) mixed (>75%)
9 courses |5 4 2 4 1 2
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referring to Swedish texts, slides, and vocabulary, which favors local students and
demotivates the international ones — especially when they are told that they “can
find the translation by using their mobile phones!” Moreover, the courses’ teaching
staff still consists of primarily men. This solidified teacher representation of mainly
Swedish male colleagues makes it hard to propose minority-aware role models and
convincing examples of a diverse gender or cultural background. This can create a
self-feeding cycle, especially between Swedish students and Swedish teachers —
regardless of honest tries by some teachers to tackle this. However, it has to be said
that during course evaluations, the students have not been able to find examples of
gender discrimination attributed to the teaching staff.

3.5 Discussion

The insights gained by the literature and the empirical investigation show that inte-
grating awareness and preparing soon-to-be professionals in construction manage-
ment for adequately responding to gender — and other minority-based challenges
need to be first tackled during their education — in the level of the classroom, syllabi,
curricula, and even university policies.

The local students seem to be able to identify and act upon discriminating behav-
iors, at least when they feel they are victims of such (micro)aggressions. However,
at least part of them does not mobilize this knowledge to analyze and solve discrimi-
nation issues when they are part of such interactions with international students.
The local students are embedded in the institution culture and routines, which gives
them a clear advantage when interacting with the teaching staff or planning and
executing project work. But this is not the case of the new international students
who do not feel legitimized to act upon such treatments.

So, the efficiency of the actually proposed and implemented methods is lacking.
Even if learning goals on ethics and discrimination are added to the curriculum,
there is no follow-up, reflection, or assessment of these goals in term of the stu-
dents’ classroom behavior and practices. Whereas awareness is being created
around minority discrimination (e.g., with teachers trained to use gender-neutral
vocabulary), microaggressions are still part of the daily life for the international
students. Such microaggressions can be defined as minor and delicate instances of
marginalization, conveying negative messages toward minorities and gradually
building up a negative attitude (Ogunyemi et al., 2020). Underlining a foreigner’s
“good” language mastering or commenting on one’s achievements by referring to
their country of origin is microaggressively perpetuating stereotypes, even if
expressed as compliments; such perpetuations are worsened when ignoring or dis-
missing an idea, question, or student’s presence (Hinton Jr. et al., 2020). Even more
alarming, there can be instances of “diversity washing” through relevant low-
budgeted programs, which may serve more as an extraction for underperforming
managers rather than serious initiatives. In this context, university-proposed
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solutions are bound to fail, as the organizational structure does not seriously sup-
port them.

Lastly, other minorities (e.g., LGBTQI+ people) should also be benefitted from
nondiscrimination policies, practices, and measures. Tackling such issues has still a
long way to go even in the most “aware’ higher education institutions, and continu-
ous work is needed.

3.6 Conclusions

In engineering (and specifically construction management) higher education and its
reflection into the student’s future professional career, the notions of minority inte-
gration, and developing consciousness on diversity presupposed a movement from
outside the minorities themselves — with the minority members having to move into
the majority groups. This approach focuses on the problem met by the minorities
and renders the behavior of the majorities invisible. This can embed another type of
segregation in the classroom (even for, e.g., second-generation immigrants), where
disengagement appears to be a coping strategy.

The lacking efficiency of measures against minority discrimination in education
is evident, while awareness is being created, discrimination from students and
microaggressions from teachers are still part of the international students’ daily life.
Not following up on the development of the students’ awareness and surface-level
“diversity washing” through relevant low-budgeted programs may trivialize the
importance of these topics. Pushing the responsibility of implementing some of the
relevant tools on the levels of the university classroom and the teachers is evidently
a shortcoming — even if such a responsibility is claimed to be on an institutional
level, with policies implemented in syllabi and curricula. Therefore, broader initia-
tives with a strong reflection in praxis should be implemented, such as following up
on students’ classroom behavior or examining not only the way foreigners can be
integrated but also the way the majority is blindly maintaining and reproducing its
privilege.
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Abstract The university colleges in Denmark are progressively confronted with
new educational policies, where adaptation presupposes that the individual educa-
tional department facilitates organisational change. In this study, we describe and
analyse how the Department of Construction at University College Lillebaelt (UCL)
has strived to adapt to new educational policies by implementing change projects.
Specifically, we examine the implementation of the two change projects entitled
‘Bridge building’ and ‘Capacity development’ and explain how aspects of organisa-
tional life (i.e. structure, identity and routines) develop and alter as a result of the
change processes. The study empirically draws on interviews and workshops con-
ducted between 2018 and 2021. In the analysis, we show that the department, in the
Bridge building project, implements changes in the study programme on
Architectural Technology and Construction Management to adapt to educational
policies demanding a strengthened quality of education. In addition, we show that
the department, in the Capacity development project, implements changes inter-
nally in the department to adapt to educational policies demanding an increased
involvement in research and development activities. In the discussion and conclu-
sions, we explain that the top management of UCL redirects the practical efforts
required to adapt to new educational policies into the educational departments. We
also demonstrate that the department is experiencing a pressure to implement
change projects in order to adapt to new educational policies and thereby ensure
quality education.
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4.1 Introduction

Development in the field of education has been prompted as an important source of
fostering new skills and entrepreneurship that can address societal challenges
(George et al., 2016). An implication of this is that the field of education is progres-
sively subjected to new educational policies demanding the individual educational
institution to act by facilitating organisational change. Adaptation to new educa-
tional policies has also been highlighted as critical to meeting the fourth United
Nations Sustainable Development Goal on “quality education” (cf. Boeren, 2019).
In the study, we demonstrate how a university college department adapts to new
educational policies by implementing change projects to ensure quality education.

Since 2013, the university colleges in Denmark have received funding from the
Finance Act to conduct and advance their involvement in practical and application-
oriented research and development activities (R&D). Later in 2014, the revised Act
on University Colleges of Higher Education was enacted, which made it compul-
sory foruniversity colleges to conduct R&D (Uddannelses- og Forskningsministeriet,
2014). The main purpose of the legal requirement is to strengthen the knowledge
base of the study programmes offered by the university colleges and to ensure that
the programmes contribute to production of practical as well as scientific knowl-
edge (Danmarks Evalueringsinstitut, 2017).

A direct consequence of the legal requirement is that the responsibilities of the
university colleges and the related job descriptions for the teaching staff have under-
gone significant changes. Prior to 2014, the university colleges in Denmark were
mainly obliged to conduct teaching activities, and the staff affiliated with the educa-
tional departments primarily served as ‘teachers’ who provided lectures and super-
vision. Following the enactment of the revised Act on University Colleges of Higher
Education in 2014, the staff were, in addition to the conventional teaching activities,
also legally obliged to conduct R&D. The legal requirement on R&D thereby posi-
tioned the educational departments in a difficult situation with two strategic options
for ensuring compliance with the legal requirement. The first involved a major staff
turnover, where the existing teaching staff had to be replaced with new employees
who possess competencies on R&D. The second involved a profound upskill of the
teaching staff to cultivate competencies on R&D.

In the study, we describe and analyse how the Department of Construction at
University College Lillebaelt (UCL), through a bottom-up approach, adapts to new
educational policies by implementing change projects to upskill staff. The depart-
ment chose the bottom-up approach in the belief that internal change is a responsi-
bility of the individual educational department and furthermore provides an
opportunity to build on existing conditions in the department. This is a rather differ-
ent approach compared to other educational departments at UCL where internal
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changes primarily are pursued by making changes in the staff. The overall purpose
of the change projects is to cultivate competencies on R&D internally in the depart-
ment. A change project can be considered as a temporary organised effort of work
aiming to change aspects of organisational life in accordance with a particular ratio-
nale (Alvesson & Sveningsson, 2008). Specifically, we examine the two change
projects entitled ‘Bridge building’ and ‘Capacity development’. In brief, Bridge
building aims to improve the study programme offered by the department by
strengthening the students’ analytical competencies so that they are qualified to
study for a master’s degree. Analogously, Capacity development aims to (re)organ-
ise the department and foster academic environments where the staff can exchange
experiences and jointly develop competencies on R&D that can strengthen the
knowledge base in the teaching activities. By mobilising an analytical framework
based on the literature on organisational change, we analyse empirical material
from the two change projects to obtain an understanding of the internal changes
pursued by the department.

4.2 Organisational Change: From Prescriptive Models
to a Normal Condition

Change is a prerequisite for contemporary organisations to be able to develop and
alter internal structures, identities and routines (Battilana et al., 2010; Weick &
Quinn, 1999) thereby addressing and adapting to changing external conditions and
pressures (Fernie et al., 2006; George et al., 2016; Gottlieb & Frederiksen, 2020).
Because of this centrality, organisational change has been an enduring examined
phenomenon in the fields of management and organisation research (Pettigrew
et al., 2001; Suddaby & Foster, 2017). Studies on organisational change have tradi-
tionally distinguished between episodic changes and continuous changes (cf. Weick
& Quinn, 1999). Episodic changes are those that occur when an organisation delib-
erately initiates activities to transform from its present state to a desired future state
(Stouten et al., 2018). Analogously, continuous changes are those that are perpetual,
developmental and cumulative (Pettigrew et al., 2001).

According to Haridimos Tsoukas and Robert Chia (2002), organisational change,
whether episodic or continuous, is distinctly pervasive, indivisible and a rather nor-
mal condition of organisational life. Studies on organisational change should there-
fore treat processes of change as a normal condition for organisations instead of
exceptional ventures accomplished through prescriptive models such as Michael
Beer and colleagues’ (1990) model to effective change or John Kotter’s (1995)
model for transforming an organisation. Specifically, studies should examine how
aspects of organisational life such as structures, identities and routines become tem-
porary instantiations of perpetual change processes (cf. Langley et al., 2013;
Tsoukas & Chia, 2002). In this perspective, the analytical focus thereby shifts from
understanding the change process itself (as per Beer et al., 1990; Kotter, 1995) to
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understand how aspects of organisational life are developed and altered as a result
of change processes.

4.2.1 Studying the Impact of Change Processes
on Organisational Life

A critical starting point when studying organisational change is to construct clarity
regarding the notion of change (cf. Quattrone & Hopper, 2001; Suddaby & Foster,
2017). In order to grasp the impact of change processes on organisational life, stud-
ies should moreover apply a research design that allows examination across multi-
ple contexts and levels of analysis (Alvesson & Sveningsson, 2008; Langley et al.,
2013; Pettigrew et al., 2001). In this regard, the study sets out to explore how the
change projects trigger structural, identity and routine changes in the examined
department. These three analytical categories are core aspects of organisational life
and are fundamental in understanding organisational change processes (Becker
etal., 2005; Gioia et al., 2013; Hannan & Freeman, 1984). We therefore perceive the
notion of change as incremental or radical developments in organisational struc-
tures, identities or routines that lead to more or less permanent changes in organisa-
tional life. Moreover, we join the group of researchers who perceive organisational
structures, identities and routines as dynamic processes of organisational life (e.g.
Howard-Greenville et al., 2016; Langley et al., 2013; Tsoukas & Chia, 2002) rather
than stable entities of an organisation. Each of the analytical categories is briefly
described in the following.

An organisational structure encompasses a series of contingencies and regulari-
ties characterising the organisation such as its authority, distribution of tasks, pat-
terns of interaction, resource allocation, rules and strategy (Chia, 1997; Ranson
et al., 1980). Changes in one or more of these contingencies and regularities usually
affect the structure at large and thus exhibit a structural change (Kral & Kralova,
2016). Changes in the organisational structure often occur with ambitions to address
and adapt to external conditions and pressures (Hannan & Freeman, 1984). An
organisational identity refers to an organisation’s self-perception. The identity of an
organisation is said to be a result of its members’ shared perceptions of features that
are central to the organisation and differentiate it from other comparable organisa-
tions (Albert & Whetten, 1985). Change in an organisational identity can take place
over relatively shorter durations of time and is assumed to be fundamental for
organisational change (Gioia et al., 2013). An organisational routine can be under-
stood as a regular and predictable behavioural pattern of an organisation (Nelson &
Winter, 1982). Routines provide an organisation with capabilities to perform and
accomplish diverse types of work (Howard-Greenville et al., 2016). A common
assumption on routines is that organisations change their everyday activities when
they make changes in their routines (cf. Becker et al., 2005).
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4.3 Case Description and Research Design

UCL is a university college that offers more than 40 academy and professional
bachelor’s programmes within the three educational areas: (1) business science and
technology, (2) education and social sciences and (3) health sciences. Each of the
three areas has a number of research centres that are responsible for initiating and
supporting R&D carried out by the staff affiliated with the educational departments.
As of 2022, UCL has 11,300 students. Approximately 550 of these are enrolled in
the professional bachelor’s programme on Architectural Technology and
Construction Management.

The Department of Construction, which is under scrutiny in this study, belongs
to the educational area of business science and technology and corresponds with the
research centre of trade. The department consists of 25 persons who manage the
study programme on Architectural Technology and Construction Management and
conduct R&D. According to the executive order in force, the purpose of the profes-
sional bachelor’s programme on Architectural Technology and Construction
Management is to qualify the students to be able to independently plan, lead and
handle technical and administrative work in the design and execution of building
and construction tasks.

Since 2014, when the university colleges became legally obliged to conduct
R&D, the department has strived to strengthen its involvement in R&D in several
ways. For instance, a significant number of the staff have undergone an upskill from
adjuncts to lecturers. A so-called knowledge centre was also established in the
department in an effort to create a central unit that could manage external projects
and function as the formal link between the department and the industry. The knowl-
edge centre, however, was closed by UCL with the argument that there should be a
greater focus on cultivating research activities. Consequently, two PhD projects
were commenced to strengthen the research activities in the department.
Commencement of PhD projects is generally a widespread and internally recog-
nised strategy for obtaining research competencies in the educational departments
at UCL. Unfortunately, only one of the PhD projects was completed, and the candi-
date subsequently applied for a job outside UCL. Also, the department has unsuc-
cessfully attempted to recruit persons holding a PhD degree or having relevant
experience on R&D.

In 2018, the department revised its internal strategy and started searching for
assistance outside UCL. A result of this quest was the establishment of a formal
collaboration with Aalborg University. Accordingly, the department and Aalborg
University have in recent years collaborated throughout a series of change projects
with the aim to develop and support the department in its current development and
involvement in R&D. Two of the change projects are Bridge building and Capacity
development. These are the subject of analysis in this study.
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4.3.1 Methods and Collection of Empirical Material

The research presented draws on a qualitative research paradigm based on princi-
ples from action research (McNiff & Whitehead, 2002) where the authors have both
functioned as project facilitators and sequentially met to discuss and reflect on the
experiences. This was to obtain insights into the actual change work performed
(Alvesson & Sveningsson, 2008) and to advance practical as well as scientific
knowledge of the change projects (Van de Ven, 2018). We collected empirical mate-
rial in the examined change projects between 2018 and 2021 using interviews and
workshops. The collection of empirical material is elaborated in the following.

4.3.1.1 Interviews

In summer 2021, we interviewed six informants from different organisational levels
at UCL. Three of the informants were heads of departments, while the other three
were lecturers in the Department of Construction. Each of the interviews was audio-
recorded by agreement with the informants and selected passages of the audio-
recordings were subsequently transcribed verbatim. The interview conversations
had an average duration of 49 minutes. All interviews were open-ended and prag-
matic by nature (cf. Lamont & Swidler, 2014) and covered the following five
aspects: (1) UCL’s current situation, (2) understandings and requirements on R&D,
(3) the daily work with R&D, (4) relevant competencies when conducting R&D and
(5) the relationship between R&D and teaching activities.

4.3.1.2 Workshops

A total of six workshops were held throughout the study period. Three of the work-
shops dealt with conceptualising the collaboration between the department and
Aalborg University to meet the set aspirations. Two workshops involved group exer-
cises with the staff in the department to get insight into their daily work and the
perceived core competencies and values characterising the department. The last
workshop was held with the staff in the department who have been involved in R&D
to obtain an understanding of the experienced challenges and needs. Each of the
workshops had a duration of 68 hours and notes were prepared accordingly.

4.3.1.3 Internal Meetings

Internal meetings have been held between the department and Aalborg University
(i.e., the authors) about every 3 weeks. At the meetings, the ongoing collaboration
and the progression of the change projects and future efforts were discussed. Each
of the meetings had a duration of 1-2 hours.



4 Pursuing Organisational Change in Construction Education by Implementing... 53
4.4 Analysis

In this section, we describe and analyse the two change projects. We specifically
focus on the efforts made in the change projects to facilitate structural, identity and
routine changes in the department and the change work performed in this pursuit.
Insights from the workshops form the empirical basis in the first part of the analysis
on Bridge building, while the interview conversations are mainly used in the second
part of the analysis on Capacity development.

4.4.1 Bridge Building

The Bridge building project was initiated in September 2018 and completed ultimo
January 2019. The project originated from a report prepared by the Danish Ministry
of Higher Education and Science in which it was proposed that all bachelor’s pro-
grammes in Denmark incorporated a philosophy course. The stipulated aim of the
philosophy course was to develop the individual student as a professional and to
promote curiosity, critical thinking and judgment (Uddannelses- og
Forskningsministeriet, 2018).

Although most of the professional bachelor’s programmes at UCL at that time
already touched upon scientific theories and methods, the Department of
Construction found it necessary to integrate philosophy more profoundly in the
study programme on Architectural Technology and Construction Management. In
this effort, the department entered a collaboration with Aalborg University on the
project entitled Bridge building. The purpose of the project was twofold. The first
was to strengthen the students’ analytical competencies so that they were prepared
to study for a master’s degree. The second was to reinforce the general education in
the study programme on Architectural Technology and Construction Management
(Forman & Gottlieb, 2019).

4.4.1.1 Implementation of Bridge Building

A starting point for the project was to compare and understand the differences
between the 3.5-year professional bachelor’s programme on Architectural
Technology and Construction Management (offered by UCL) and the 2-year mas-
ter’s programme on Construction Management and Informatics (offered by Aalborg
University). The master’s programme has traditionally attracted many graduates
with a background from the study programme on Architectural Technology and
Construction Management. The comparison was made to obtain an understanding
of the different didactically approaches, understandings and values characterising
the two study programmes. The comparison was conducted by examining the cur-
ricula of the study programmes and through workshops.
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As part of the comparison, it was found that the bachelor’s programme didacti-
cally drew on principles where the students were introduced to and had to master the
practical use of a wide range of tools and profession-oriented work functions.
Analogously, the master’s programme was based on principles from problem-based
learning where the students explored practical and theoretical problems in the con-
struction industry and mobilised scientific theories and methods to understand and
potentially solve the identified problems. This difference has previously been high-
lighted to be a significant challenge for graduated bachelors who are admitted for
the master’s programme as they experience the curriculum and the lectures to be
somewhat abstract (Forman & Gottlieb, 2019). An outcome of the comparison
therefore was the ambition to integrate scientific theories and methods into the
bachelor’s programme while maintaining the practical focus on the use of tools and
profession-oriented work functions. This is elaborated by a project participant:

Among other things, we wanted to change the focus from solely understanding how to use
a technology such as a drone to cultivate a more profound understanding of a drone as a
technological device that produces data.

In practice, a series of initiatives were incorporated in the last two semesters of the
bachelor’s programme (i.e., the sixth and seventh semesters) to promote and
strengthen the students’ use of scientific theories and methods. In relation to the
sixth semester, which involves an internship, the students were introduced to new
learning targets, which presupposed the application of scientific theories and meth-
ods to reflect on their own practice and the experiences from the internship. These
reflections were to be documented in an individual internship report that had to be
prepared to pass the semester. Prior to the internship, the students were accordingly
taught scientific theories and methodologies such as cultural analysis, discourse
analysis and ethnographic and qualitative methodologies.

In relation to the seventh semester where the students prepare their bachelor
projects, the students were encouraged to further develop the insights obtained
through the internships (i.e., dilemmas, paradoxes and contradictions) to formulate
bachelor projects that were relevant to practice as well as grounded in scientific
theories and methods. To support this, a mandatory 10 ECTS introduction course to
the bachelor project was added. The introduction course entailed lectures in aca-
demic writing, formulation of project description, methodological considerations as
well as theoretical approaches to structure and analyse empirical material. The
introduction course was handled by the department’s staff who were expected to
supervise the students on their bachelor projects.

The ambition to integrate scientific theories and methods more profoundly in the
study programme derived several discussions in department regarding which core
competencies graduates should acquire in the study programme. This is emphasised
by a Lecturer:

There have been several discussions in the department about which core competencies our
graduates should acquire throughout the study. I think such discussions are important as
they push us to debate and reflect on how we can improve the study programme and main-
tain our relevance.
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4.4.1.2 Change Work Performed and the Effects of Bridge Building

In this first part of the analysis, we showed how the Department of Construction
through the Bridge building project performed change work in order to anchor sci-
entific theory and methods in the study programme. Structurally, the department
made changes in the curriculum and introduced new learning targets to create a
balance between a practice-oriented focus and a scientific focus. In relation to iden-
tity, the department developed shared perceptions and started debating what core
competencies graduates should acquire in the study programme. As opposed to pre-
viously, these perceptions and debates concerned not only how to prepare students
for a job in the industry but also about preparing the students to study for a master’s
degree. In line with the increased focus on scientific theories and methods in the
study programme, the department’s staff also acquired new routines accordingly.
For instance, where the staff traditionally provided lectures about the practical use
of tools and profession-oriented work functions, they now teach the application of
scientific theories and methods and how to understand practical insights through a
scientific approach.

4.4.2 Capacity Development

The capacity development project was initiated in June 2021 and is currently
planned to run until ultimo 2022. The objective of the project has been to (re)orga-
nise the Department of Construction and upskill the staff with competencies so that
they can better conduct R&D. R&D forms an increasing part of the activities in the
department, which has simultaneously created a pressure to develop capacity that
supports the staff’s involvement in R&D. This is emphasised by a Head of
Department:

With the legal requirement on R&D and the new job descriptions, many of our current
employees are not qualified to possess their own jobs, which means that they have to
undergo a significant capacity development.

Specifically, the stated ambition of the department has been, through the Capacity
development project, to strengthen its involvement in R&D by developing capacity
within (1) research management, (2) formation of academic environments and (3)
the teaching activities. These are elaborated in the following.

4.4.2.1 Preliminary Results from the Implementation
of Capacity Development

Historically, the research centres and the educational departments at UCL have been
essentially detached from one another. Specifically, employees have been either
responsible for conducting R&D in the research centres or responsible for carrying
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out teaching activities in the study programmes. UCL has structurally attempted to
bridge the research centres and the study programmes by moving employees from
the research centres into the educational departments. This is elaborated by a Head
of Department:

Back in the days, employees were either affiliated the research centres or the educational
departments. We still have some specialists affiliated the research centres such as docents
and statisticians but most of our employees are now hired directly to the educational depart-
ments, which means that they must conduct teaching activities as well as R&D. This deci-
sion was made in the belief that teaching activities and R&D can enrich one another and
should go hand in hand.

As explained in the quote, the motive for bridging the research centres and the edu-
cational departments has been to strengthen both areas. However, the department
was unaffected by this effort because the research centre within trade (where the
department belongs) did not have any employees with relevant R&D competencies
within construction. A Head of Department elaborates:

The research centre within trade is very small and don’t have any employees with relevant
research experience in construction, which makes it really difficult to support R&D in the
Department of Construction.

Consequently, the most significant outcome of the structural change was that the
department, in addition to teaching activities, has also been obliged to conduct
R&D, which historically has otherwise been the responsibility of the research cen-
tre. With ambitions to strengthen the involvement in R&D and increase the general
understanding of research management, the department invited researchers from
Aalborg University to seminars to share experiences on R&D and approaches to
structure academic environments.

An outcome of the seminars was the idea that the department should develop its
internal structure containing the four units: (1) building design, (2) building statics
and HVAC, (3) communication and (4) construction planning and management, into
academic environments. The rationale behind this idea was to foster academic envi-
ronments with specialised knowledge that could collectively develop the R&D
competencies and translate new knowledge generated through R&D into the teach-
ing activities. However, the top management at UCL has also expressed an expecta-
tion that the department strengthens its engagement in dissemination activities such
as article publication. This is explicated by a Lecturer:

The department units (i.e., academic environments) are spaces where we can foster aca-
demic environments as well as distribute tasks and develop R&D competencies related to
the specific academic environment. However, the top management at UCL still expects us
to acquire advanced writing skills so that we can publish articles based on our involve-
ment in R&D.

In an attempt to develop advanced writing skills, the department has on its own
initiative been establishing a so-called writing workshop. According to several of
the informants, the writing workshop is relevant because dissemination in written
format is a new discipline in the department that requires extensive training to
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master. Although the establishment of the writing workshop generally has been
appreciated by the staff in the department, it has also given rise to debate in the top
management of UCL. The debate has been concerning whether persons without a
PhD degree have the capacity to produce and publish scientific articles. The follow-
ing presents the different views of two heads of departments on this issue:

You don’t necessarily have to hold a PhD degree to produce scientific articles as long as you
work in accordance with the recognised scientific approaches and methods or collaborate
with experienced researchers.

There’s no one in the Department of Construction with a PhD degree and I therefore think
it is very unlikely that the department can produce research. Academia is a closed club that
you can only be part of if you hold a PhD degree. The department needs to commence PhD
projects to comply with the legal requirements on R&D.

Several of the informants have been expressing an interest in writing scientific arti-
cles but at the same time point out that the articles must benefit the teaching activi-
ties in the study programme. Moreover, the informants have been emphasising that
the link between R&D and teaching activities is fragmented and that future initia-
tives should aim at merging R&D and teaching activities better. This is elaborated
by a Lecturer:

We’re expected to produce scientific articles. However, it’s not valuable for us (i.e., the

staff) if the only purpose is to demonstrate that we can do it and it doesn’t benefit our teach-

ing activities. In the future, we should work to create coherency between R&D and teaching
activities and identify what tools and approaches we can apply to ensure a harmony.

4.4.2.2 Change Work Performed and the Preliminary Effects
of Capacity Development

In this second part of the analysis, we showed how the Department of Construction
through the Capacity development project performed change work to (re)organise
the department and upskill the staff with competencies so that they can better con-
duct R&D. Structurally, the department has been embracing the idea that the exist-
ing four units in the department must be developed into distinct academic
environments, which means that each employee in the department will belong to an
academic environment. A writing workshop has also been established across the
specialised units wherein the staff are supposed to meet and collectively advance
skills on scientific writing and dissemination. In relation to identity, the department
has with the new internal structure based on academic environments attempted to
foster internal awareness that employees with shared professional interest are to
increase specialisation within their domains and link activities in the environments
with the teaching activities. In addition, the academic environments are expected to
collectively develop routines that ensure integration of knowledge gained through
R&D in the teaching activities.
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Table 4.1 Organisational changes pursued in the change projects

Project: Bridge building Capacity development
Project September 1, 2018, to January 31, June 1, 2021, to December 31, 2022
period: 2019 (planned)
Structural | Changes in the structure of the study | Establishment of academic environments
changes: programme (new curriculum and new | and writing workshop

learning targets)
Identity Awareness that students must both be | Awareness that the staff must increase
changes: prepared for a job in the industry and | specialisation and link knowledge

for studying a master’s degree obtained through R&D in the teaching

activities

Routine Development of new routines in the | Development of new routines that bridge
changes: teaching of scientific theories and R&D and teaching activities

methods

4.5 Discussion

In the analysis, we have described how the Department of Construction has strived
to facilitate structural, identity and routine changes by implementing the two change
projects Bridge building and Capacity development. In this section, we first present
a table summarising the main findings from the analysis. Subsequently, we reflect
on the department’s aspirations to develop and alter aspects of organisational life
through change projects to adapt to new educational policies.

The structural, identity and routine changes pursued in the Bridge building and
Capacity development projects are shown in Table 4.1.

4.5.1 Pursuing Organisational Change in Construction
Education Through Change Projects

It is well known that modern societal conditions are under rapid change (e.g.
Alvesson & Sveningsson, 2008). A consequence hereof is that organisations, includ-
ing educational institutions as demonstrated in this study, are progressively con-
fronted with demands and expectations to adapt to changing societal conditions to
ensure quality education and consolidate their relevance in society (Boeren, 2019;
George et al., 2016). A recognised approach to adapting to changing societal condi-
tions is through the implementation of change projects aimed at changing aspects of
organisational life (Alvesson & Sveningsson, 2008).

In the analysis, we have provided insights into the efforts made by the Department
of Construction at UCL to develop and alter aspects of organisational life by imple-
menting the two change projects Bridge building and Capacity development. Both
change projects were initiated to adapt to educational policies that demand an
increased quality of education and an increased involvement of university colleges
in R&D. In addition, both change projects involved structural, identity and routine
changes in the department (as illustrated in Table 4.1). The change projects were
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bottom-up initiatives formulated, initiated and implemented by the department. As
illustrated in the analysis, UCL is obliged to integrate new educational policies into
the study programmes offered by UCL. The practical efforts required to adapt to
new educational policies are, however, redirected to the educational departments,
which simultaneously experience a pressure from the top management of UCL to
facilitate internal changes accordingly. In line with this, the requirements of the top
management of UCL in relation to changes in the educational departments are
ambiguous. This is most significantly exemplified in the second part of the analysis,
where two heads of departments have different views on whether the Department of
Construction can produce research and thereby join ‘the academic club’ without
having employees with PhD degrees.

4.6 Conclusions

In the study, we have described and analysed how the Department of Construction
at University College Lillebaelt has strived to adapt to educational policies by
implementing change projects. Our interest was to obtain an understanding of the
internal changes pursued by the department and the change work performed in this
regard. In the study, we have shown that the department, through a bottom-up
approach, implements change projects to adapt to new educational policies demand-
ing a strengthened quality of education and an increased involvement of university
colleges in R&D. We have also shown that the department successfully has made
changes in its internal structure, identity and routines. An implication hereof is that
the department at large has attained a greater focus on scientific theories and meth-
ods as well as the need to foster academic environments and specialisation. Although
itis a long-term and comprehensive effort, the bottom-up approach is considered a
fruitful approach to facilitate change in the department in the sense that structures,
identities and routines are developed and altered with respect to existing conditions
in the department.

Finally, we have throughout the study demonstrated how a university college
department strives to consolidate its relevance by adapting to the needs of society
(expressed through educational policies). The study thus contributes with practical
insights into how the fourth United Nations Sustainable Development Goal on qual-
ity education is embraced by an educational department through the implementation
of change projects aimed at facilitating internal change accordingly.
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BIM for Construction Education in Nigeria
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Abstract Introducing advanced information technologies (AITs) such as a BIM-
enabled learning environment (BLE) into architectural, engineering, construction,
and facility management (AEC/FM) education might be an indirect but effective
means of eradicating poverty and ensuring upward socioeconomic mobility for
people all over the world, as the UN rightly recognizes in their mandate. In this
study, we focus on a data collection tool to investigate the current state of the art of
BIM for construction education among academics in an emerging economy
(Nigeria). In the same framework, we strive to understand their perspectives, the
benefits of BIM for construction education, and its perceived limitations. This pre-
liminary study will assist us to later identify and compare structural features in these
contexts to those in Europe and then assess the outcomes and repercussions of the
proposed BLE in a developing economy like Nigeria. Using qualitative survey
research design and analyzing with the aid of NVivo, nine themes emerged from the
preliminary findings, viz., advantages, beyond present area, BIM in teaching, BIM
in BIM-enabled learning, constraints, general views about BIM in Nigeria, stake-
holder attitudes, and teaching method. These suggest that the designed data collec-
tion tool is sufficient in eliciting information from the population that is associated
with BIM-enabled learning among academics in emerging economies which would
help in meeting the fourth goal (Quality Education) of the UN’s Sustainable
Development Goal (SDG) plan.
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5.1 Introduction

As part of its aim as a member of the Global Education Coalition, the United Nations
(United Nations, n.d.) is assisting countries “...in mobilizing resources and imple-
menting innovative and context-appropriate solutions to provide education...” glob-
ally. This, they stated, is in line with the fourth goal of their 2030 agenda for
Sustainable Development Goals (SDGs). While 2030 is only a few years away, the
agenda has been negatively disrupted by COVID-19 as most schools were shut
down for an extended period. Digitalization is not only disrupting the construction
industry but also revolutionizing the way that knowledge in architectural, engineer-
ing, construction, and facility management (AEC/FM) disciplines is conceived,
developed, delivered, and reconstructed between academics and students. This
offers an opportunity to prevent (or at least limit) the negative impact that may arise
in the future from similar disasters. Building Information Modeling (BIM) is pivotal
in this revolution. Digitalization has permeated human existence to the extent that it
defines generations, based on how influenced and digitally exposed people are to it.
For example, we have Gen X, Y, and Z that are all defined according to peoples’
affinity to digitalization. The change in knowledge creation, construction, recon-
struction, and the desire to contribute to sustainable development by seeking equi-
table solutions and universal access to education is also attracting researchers’
attention to consider an effective means of how these new bodies of knowledge are
stored, communicated, shared, transmitted, and evaluated. In response to these chal-
lenges, the development of a BIM-enabled learning environment (BLE) is an initia-
tive in its developmental stage to augment competency-based teaching and learning
in a common but location independent, open, accessible, self-paced, and collabora-
tive environment by leveraging advanced information technologies.

The structures of the proposed BLE have been delineated into three domains
(BIM, collaborative, and VLE functions) and interpreted using Adaptive
Structuration Theory (AST) in our earlier work (Olowa et al., 2022). However, the
identification, isolation, formulation, and validation of the existing different struc-
tural features and spirit under these domains are based on data collected from only
three European countries, viz., Italy, Finland, and Estonia. The geographical context
from which the structural features and spirit are formulated imposes a limitation of
whether a globally relevant set of structural features and spirit have been captured.
Therefore, the aim of this study is to find out if there are other context-specific struc-
tural features and spirit that are missing in the validated three domains especially
from the perspective of developing economies.

In this study, we focus on the data collection tool by using the Will, Skill, Tool
(WST) model among academics for exploring the general state of the art of BIM for
construction education in developing economies. We try to understand their views
on stakeholders’ attitudes, advantages of BIM for construction education, and per-
ceived constraints in the same context. Afterward, we intend to delineate and com-
pare the identified structural features in this context to the European context and
eventually use Adaptive Structuration Theory (AST) to evaluate the outcomes and
consequences of the proposed BLE in an emerging economy like Nigeria.
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The structure of this paper is as follows: the next paragraph briefly examines the
relevant literature followed by the methodology and results sections, respectively.
Conclusions are drawn at the end of the paper.

5.1.1 Literature Review

BIM education for both graduates and construction professionals has not progressed
nor advanced as quickly as in the industry deployment of BIM (Casey, 2008;
Forgues & Becerik-Gerber, 2013), and this presents a challenge for the education of
architectural, engineering, construction, and facility management (AEC/FM) stu-
dents (Ambrose, 2012). Firstly, graduates and construction professionals must be
BIM natives to meet the immediate industry needs and challenges if they are to
successfully carry out their professional tasks especially as global industry players.
Many higher education institutions (HEIs) and faculty or practitioner researchers
around the world are already standing up to this challenge, whether in bits and
pieces or in major chunks, by altering existing curriculums at topical level within a
course or carrying out a total overhaul and redesign of academic programs (Gerber
et al., 2015; Olowa et al., 2019). Secondly, education tends to also miss out on new
opportunities arising from BIM which have the potential to enhance AEC/FM edu-
cation and benefit the industry in return (Olowa et al., 2020). These include oppor-
tunities for improving the integration of curricula within and between
construction-related disciplines using real project data and creating learning envi-
ronments that more closely correspond to industry realities.

Previous studies in advanced economies have adduced different reasons for the
slow reflection of BIM in AEC/FM education generally. For example, Puolitaival
and Forsythe (2016), Gier (2008), Klotz et al. (2009), Wong et al. (2011), Becerik-
Gerber et al. (2011), Clevenger et al. (2012), Codinhoto et al. (2013), Forsythe et al.
(2013), and Underwood and Ayoade (2015) argue that unavailability of appropriate
teaching and learning resources for BIM; difficulty in finding the balance between
theory and practice, technology and process, and traditional and emerging
Construction Project Management (CPM) methods; and facilitating staff’s profes-
sional development as the major challenges facing BIM in construction education.
Despite these challenges, some of the authors (e.g., Puolitaival & Forsythe, 2016)
opined that theoretical educational resources are available, easy, and straightfor-
ward to locate. Notwithstanding the availability of these educational resources, they
maintained that having actual building models is a challenge in terms of preparing
and optimizing usage of the model for high-quality educational purposes. These
challenges and benefits are largely from studies carried out in the developed
economies.

In the emerging economies context which Nigeria represents, there is a growing
corpus of study that attempts to probe into the challenges/barriers and benefits of
BIM in the sense of the construction industry in general (e.g., Amuda-Yusuf et al.,
2017) and in quantity surveying profession specifically (e.g., Babatunde et al., 2018;
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Babatunde & Ekundayo, 2019). Babatunde and Ekundayo (2019) identified 17
major barriers to the incorporation of BIM into quantity surveying undergraduate
curriculums as follows:

e The lack of IT infrastructure or poor internet connectivity

* Intensive resource requirement of executing BIM protocols

* The inability of government to lead/direct BIM implementation

* High cost associated with staff/lecturer training or retraining

* Unavailability of staff with BIM expertise to take BIM courses

e The frequent need for BIM software upgrading

e The nonexistence of accreditation standards and requirements to guide the
implementation of BIM

e Inadequate/erratic power supply

e The lack of collaboration with industry expert

* BIM is problematic for people with weak general IT skills

» Resistance to change

* Difficulty in introducing BIM in an already well-established curriculum

e Need for industry involvement, i.e., the need to engage expert industry practitio-
ners in the development and delivery of a BIM curriculum

e The lack of university management support

e The lack of ICT literacy of staff or technical expertise

* Problem with integrating different areas of the curriculum to realize the multidis-
ciplinary aspect of BIM

e BIM demands new teaching methods

e The lack of BIM-specific materials and textbooks, as well as other educational
resources for students

Furthermore, the study also identified 12 BIM drivers and 14 BIM benefits of
incorporating BIM into undergraduate quantity surveying curriculums using quan-
titative approach.

While previous research on BIM in HEIs identified barriers, drivers, and benefits
based on a mono-discipline quantitative data from students and faculties (Babatunde
et al., 2018; Babatunde & Ekundayo, 2019), this study explores the general state of
the art of BIM education by considering it from a multidisciplinary perspective
among the AEC-FM faculties using a qualitative approach to have a deep insight
into the contextual advantage, stakeholders’ attitudes, and constraints of BIM-
enabled education in Nigerian HEIs.

5.2 Methodology

This study is a preliminary phase of an exploratory sequential mixed methods
(Creswell, 2013) approach to explore the level of BIM for construction education
among academics in higher education institutions (HEIs) in Nigeria with a focus on
the development of a data collection tool. The anticipated solution being proposed
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toward promoting dispersed and self-paced learning in a BIM-enabled environment
would be principally beneficial to educators especially those in HEIs, i.e., academ-
ics. As such, academics were recruited to participate in this preliminary study.

5.2.1 Site

Interviews were carried out among professors in the faculty of environmental sci-
ences at the university of Ilorin (UNILORIN) using purposive sampling technique.
This was done to overcome part of the limitations of an earlier study carried out
within the European Union by finding additional evidence from a different social
context and making a comparison. Although the University of Ilorin itself was
founded in 1976, the faculty of environmental sciences was not established until
2013 starting with five departments, namely, architecture, estate management,
quantity surveying, surveying and geo-informatics, and urban and regional planning
departments. The number of departments is still what it used to be as at the time of
this study. The staff structure is such that most faculty members are either experi-
enced professionals from the industry or other academic institutions with very few
inexperienced junior academics. There are only two departments that currently run
master’s programs at present, namely, departments of architecture and urban and
regional planning. This institution was chosen for this preliminary study because of
its reputation as a stable (i.e., not given to unexpected closures due to strikes, etc.)
academic institution in the country.

5.2.2 Theoretical Model

The Will, Skill, Tool (WST) framework is used as a general framework to give
meaning to the experiences of academics participating in this study. The WST
model has been extensively used in both quantitative and qualitative studies as
either an indicator or predictor of teachers’ readiness to integrate technology into
their teaching (Agyei & Voogt, 2011). Sasota et al. (2021) argue that WST model is
versatile in explaining the integration of technology in teaching practice by academ-
ics. There are three important components in the model, namely will, skill, and tool.
Will is described as the desire to use technology, skill as the ability to acquire the
requisite knowledge and use the desired technology, while tool is the availability
and accessibility of the technology. The will and skill are internal factors considered
to be within the control of academics to some extent. The tool, however, is regarded
as external factor because the technology (i.e., hardware and software) is expected
to be provided by the employer. The model showing the connection between these
attributes required for integrating technology in teaching practice is shown in
Fig. 5.1.
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ICT integration

in teaching

Fig. 5.1 WST model of ICT integration in teaching. (Based on Velazquez, 2007)

5.2.3 Instrument

A semi-structured interview was used as a tool to explore the academics’ experi-
ences and teaching practices in construction education because it allows the respon-
dents to describe their experiences in a broad way (Krahn & Putnam, 2003) yet
channels the conversation toward issues of research interest. This tool’s flexibility
and openness allowed customizing questions to the specific circumstances and dis-
cursive meanings of participants (Hildebrand & Markovic, 2007). The main ques-
tions asked were as follows:

1. What are your general views about BIM in Nigeria, stakeholder attitudes, advan-
tages, constraints?

2. Please describe your teaching practice with respect to subject(s) and target
audience.

3. Do you currently use BIM in delivering your teaching/training?

If yes:

(a) How do you use BIM in the delivery? (e.g., for visualizations, project data,
communication, etc.)
if no:

(b) Could you use BIM to help deliver your teaching/training and for what?
(e.g., for visualizations, project data, communication, etc.)
4. Beyond your present area(s) of teaching/training, how do you think BIM could
be used in BIM-enabled learning?

5.2.4 Analysis

The analysis of the interview was carried out using thematic analysis. It seemed
logical to use thematic analysis, as its qualitative nature provides a method particu-
larly suitable for understanding subjective meanings and the process of social con-
struction of individual narratives surrounding a particular theme. This was achieved
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through content coding by using NVivo (QSR International Pty Ltd, 2020) for the

substantive contents of the interview.

5.3 Results

This section provides the preliminary findings of the study.

5.3.1 Demographics

Table 5.1 shows the breakdown of the participants’ demographics.

Table 5.1 shows that there were ten faculty members interviewed from the
University of Ilorin with only one of them being female while the rest were males.
Breakdown of their cadres reveal that there was an associate professor, three tech-
nologists, and six lecturers (who were either in Lecturer I or II positions) that par-
ticipated in this study. They represented three departments from the institution,
namely, architecture, urban and regional planning, and estate management with
five, one, and four participants from the departments, respectively. With respect to
their highest educational qualifications, there was only one PhD degree holder,

seven master’s degree holders, and two first degree holders.

Table 5.1 Demographics of participants

Characteristic Number of interviewees Percentage (%)
Gender

Male 9 90
Female 1 10
Academic title

Associate professor 1 10
Technologist/instructor 3 30
Lecturer (I and II) 6 60
Length of service in present university

5-10 years 10 100
Discipline

Architecture 5 50
Urban and regional planning 1 10
Estate management 4 40
Highest qualification

PhD 1 10
Masters 7 70
Bachelors 2 20
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5.3.2 Themes Emerging from the Interviews Based
on WST Model

Table 5.2 shows the themes generated through content analysis, the number of
coded references generated in each, and the number of participants from whose
transcripts the codes were extracted.

5.3.3 Description of Themes Relating to Will
5.3.3.1 Academics’ Perception on Stakeholder Attitudes

In describing the attitudes of the stakeholders, the participants attempted to distin-
guish among the various stakeholders. They opined that there are some stakeholders
that they believed are interested in BIM and its application, whereas there are others
that are averse to and skeptical about its use. Some examples of those interested in
BIM and its application as suggested by participants include the public sector and
some private organizations, which are large. The use of BIM by academics and
among other stakeholders is viewed as almost nonexistent.

5.3.3.2 General Views of Academics About BIM

Participants viewed BIM in Nigeria as a welcome development which allows for
more realistic designs and quicker design development, thereby leading to overall
time saving in construction. They also opined that the advent of BIM would see a lot
of job loss especially those that relate to draughts men’s and job men. They also
feared that BIM gives an unrestrained avenue for nonprofessionals to promote
quackery in different AEC disciplines.

Table 5.2 Emergent themes from the interviews

Themes Number of references Number of interviewees
Will

Stakeholder attitudes 5 3

General views about BIM 10

BIM in teaching 6 5
Skill

Advantages 6 4

Teaching method 10 6
Tool

Beyond present area 3 3

Constraints 18 8
Total 57 98

*While the total was ten, one of the interviewees’ transcripts had no relevant data for this study
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5.3.3.3 BIM in Teaching

In response to how the interviewees reflect BIM in their teaching, the majority
revealed that it does not reflect in their teaching at all while a few indicated that they
only carry out BIM awareness education.

5.3.4 Description of Themes Relating to Skill
5.3.4.1 Advantages

The advantages ascribed to the use of BIM by the interviewees include: speed of
design accuracy of design and calculation parameters; usefulness in prefabrication;
saves time and gives good results; ability to design more complex structures; and
ability to simulate and plan construction activities.

5.3.4.2 Teaching Method

Many of the participants said that they use “hybrid” methods in their class teaching.
By this, they give notes or handouts to students and sometimes project on the wall.
In addition to this traditional method of teaching, some include a method they
referred to as “learning by doing” which involves giving briefs to students for devel-
opment. Assessments are carried out formatively by tests, writing of term papers,
and presenting in seminars. Summative assessments are carried out by writing
semester exams.

5.3.5 Description of Themes Relating to Tool
5.3.5.1 Constraints

The major constraints to the wide spread of BIM in Nigeria that were expressed by
the interviewees include procurement and renewal cost, accreditation bodies not
mandating BIM knowledge or skills for students, outdated curriculums, lack of
access to technological hardware (e.g., computers, internet, and electricity), lack of
BIM education, less emphasis on practical knowledge, inadequate security of lives
and properties in the country, staff training and empowerment, and lack of time.

5.3.5.2 Possible Areas Beyond Present Use

It seemed difficult for most of the interviewees to suggest how BIM could be used
in other areas beyond their present teaching practice as most of them already
revealed that they do not interact with BIM in their practice. However, one area that
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was suggested is in 3D house printing, where BIM would be the backbone on which
the operations take place. The other area was in virtual learning, where BIM would
enhance the ability of students to learn remotely given the ongoing experience of the
COVID-19 pandemic.

5.4 Conclusions

COVID-19 has underscored the importance of having an effective way to engage
learners in distributed learning globally if a meaningful achievement is to be made
toward providing sustainable education for all by 2030. Introducing advanced infor-
mation technologies (AITs) like the BIM-enabled learning environment (BLE) into
AEC/FM education might be a veritable means to achieving this. This in turn will
serve the 2030 agenda of the United Nation’s SDG to eliminate poverty and guaran-
tee upward socioeconomic mobility of peoples around the globe. This is because the
BLE will promote location-free, competency-based, common, open, compatible,
convenient, and accessible platform for AEC/FM disciplines at graduate level and
offer opportunity for both self and continuous professional development toward
sustainable human development and growth. To achieve this goal, a fully robust
BLE must first be developed and made operational.

This study is a preliminary exploration of academics in AEC/FM disciplines to
understand the state of the art of BIM education in Nigeria, their views about stake-
holders’ attitudes, opportunities, and constraints. Nine themes emerged from the
preliminary findings and were grouped using the WST model, viz., advantages,
beyond present area, BIM in teaching, BIM in BIM-enabled learning, constraints,
general views about BIM in Nigeria, stakeholder attitudes, and teaching method.
With these responses and the analyzed results, it is now possible to proceed in elicit-
ing information from a much larger and country-wide population sample. This will
enable the identification of structural features (structures and spirit) associated with
BIM-enabled learning among academics in emerging economies. This would con-
tribute to meeting the 4th goal (Quality Education) in the UN’s SDG plan.

In response to how the interviewees reflect BIM in their teaching, the majority
revealed that it does not reflect in their teaching at all while a few indicated that they
only carry out BIM awareness education. This condition could be ascribed to sev-
eral reasons associated with will, skill, and tool. In many cases, it is important to be
aware of a technology and what it can do before the concepts of will and skill (or
skill and will) can take effect. It also seemed difficult for most of the interviewees
to suggest how BIM could be used in other areas beyond their present teaching
practice as most of them already revealed that they do not interact with BIM in their
practice. These realities among the academics underscore the need for an avant-
garde platform such as BLE that will promote teaching and learning of BIM-enabled
education in construction economics and organization. This will empower and pro-
vide both academics and learners who might not have BIM authoring experience
nor BIM teaching and learning resources (e.g., modules) to have access to BIM-
enabled education with just their browser and the internet.
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The WST model suggests that it is possible to achieve a high level of technologi-
cal integration into teaching by enhancing the will and skill of the academics and
providing an enabling environment for the will and skill to be demonstrated. It is
when this happens that the academics in emerging economies may constructively
offer suggestions for improving the BLE to ensure its robustness and dependability
for global use irrespective of the developmental context.

There are limitations in this study some of which will be addressed in future
research. An important one is about the number of participants sampled in this
study. In future, the study will consider a greater number of academics from a num-
ber of higher education institutions and representative of a more diverse range of
AEC/FM disciplines.
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Abstract The construction industry’s traditional linear business models of “take,
make, and dispose” are being challenged in practice due to the increased market
demands and the political agenda that points towards sustainable and circular prac-
tices. The majority of existing research within sustainable and circular business
models is limited to short-term consumer products, but the research is poorly match-
ing the conditions of buildings as capital-intensive goods with significantly longer
life cycles. The data collection builds on an integrative literature review that will
synthesize current findings on sustainable and circular business models by assessing
the four major business model dimensions of value proposition, value delivery,
value creation, and value capture. The aim of this paper is to identify and discuss
important shortcomings in the general framework of sustainable business models
with regard to application in the construction and real estate sector and more specifi-
cally larger contractor firms. The main findings conclude there is a research gap in
terms of developing new business models that both capture the distinctive character-
istics of the construction industry and innovate building contractors’ traditional
practices towards the sustainable and circular transition. This paper points out that
future circular business models of larger contractor firms will probably include ele-
ments of the business models “Orchestrator” and “inclusive value creation” due to
the increased need for coordination and early project involvement with multiple
stakeholders in the value chain for the co-creation of long-term and valuable part-
nering agreements as well as participation in new types of procurement.
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6.1 Introduction

Sustainable development is accelerating in the Danish construction industry, and
contractor firms are increasingly experiencing new sustainable market demands,
which challenge their existing work processes and business models. In particular, the
term circular economy has received significant attention as the new economic para-
digm (Kirchherr et al., 2017), and the definition is according to the Ellen MacArthur
Foundation (Webster, 2017): “A circular economy is one that is restorative by design,
and which aims to keep products, components and materials at their highest utility
and value, at all times.” The work processes of waste management aiming at closing
material loops and moving further up the waste hierarchy are traditionally not con-
sidered part of the contractor’s role. Circular demolition and sourcing of materials
could potentially be an integrated part of future building projects. Thus, the European
Commission has launched a circular economy action plan and a recently updated EU
Taxonomy report that include technical screening criteria within circular principles
for real estate investments (European Commission, 2020). Nationally, the launch of
the voluntary sustainability class in the Danish Building Regulations includes
requirements within life-cycle analysis, resource consumption at the building site,
and gradually increasing CO, limits for new buildings above 1000 m? will be imple-
mented as mandatory from 2023 with the aim of reducing the CO, emissions from
12 to 7.5 kg CO,eq/m?/year in 2030 (Ministry of the Interior and Housing, 2021).
The new political instruments are rapidly driving circular initiatives in the built envi-
ronment and enable construction companies to rethink their current business models.
In addition, the almost exponential growth in new DGNB certified projects is push-
ing for a sustainable transformation of Danish construction.

The research objective of this paper is to identify and discuss important short-
comings in the general framework of sustainable business models with regard to
application in the construction and real estate sector. As a result, the paper will
demonstrate the needed considerations and conditions that are applicable in the con-
struction industry when innovating existing business model structures. The findings
are followed by a discussion focusing on larger building contractors’ possibility to
engage in new types of sustainable business models. This research contributes to
insights for developing new business models for the sustainable transformation in
construction, which is an important step towards realizing the UN’s Sustainable
Development Goals (SDGs) of SDG 12 “Responsible consumption and production”
and SDG target 17.17 “Encouraging effective partnerships” (United Nations, 2016).

6.2 Research Methodology

The preliminary data collection consists of an integrative literature review on tradi-
tional and sustainable business models by mapping and synthesizing the presented
common ideas and concepts in the chosen individual papers (Torraco, 2016). Thus,
the quality assessment involves a critical review on identifying the most general
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Table 6.1 Data collection of the chosen studies

Studies in
Category/similarities total Knowledge gap
Commonly used business 3 The traditional business models do not include
models dimensions for circular economy thinking, e.g.,
end of life

—

Business models in construction The business model archetypes for different roles

in construction are only considering the present

status
Sustainable and circular 6 Narrow focus on products and services with the
business models aim of breaking shorter life cycles
Sustainable and circular 3 Adapted to solve case-based specific issues
business models in construction
Sustainability strategies and 7 Broad overview and conceptualizations of current
circular economy state of the art within circular economy and
sustainability
Sustainable transformation and | 8 The studies are missing the link to specific
circular economy in implementation business strategies

construction

trends in commonly used business models as well as the new wave of prevailing
sustainable and circular business models. Thus, the five steps of the integrative
review include (Russell, 2005) (1) definition of research problem, (2) generation of
literature search, (3) evaluation of the data, (4) analysis of data, and (5) interpreta-
tion and presentation of findings. The databases included the university library and
Google Scholar and resulted in 28 studies to serve as the basis of the analysis, and
Table 6.1 demonstrates the categories of the literature. The chosen studies are peer-
reviewed and assessed by the methodology and content quality as well as the rele-
vance to the subjects of circular economy, business model innovation, and
sustainability in the construction industry.

The examination of the data (Table 6.1) is also focusing on the various knowl-
edge gaps regarding the practical applications for the sustainable transition of the
construction and real estate sector. Based on the framework developed by Liideke-
Freund et al. (2019) that encompass an analysis of 26 current circular business mod-
els from literature, the patterns will be evaluated and compared with other studies to
point at the distinctions of conceptualizations in existing business model frame-
works. The business model patterns are discussed in the following section and
divided into the four major dimensions of “value proposition,” “value delivery,’
“value creation,” and “value capture.” The findings will provide a broad overview of
the coupling between current literature within sustainable business models and the
real estate sector in order to understand the construction firms’ room for reposition-
ing within the existing structures and frameworks. Furthermore, the discussion will
reflect on larger contractors’ future business model when adapting towards sustain-
able practices. The perspective of larger contractor firms, that functions as the con-
struction management role, is dominating the assessments, as they represent the role
of being responsible for implementing sustainable and circular initiatives in practice
and the fact that their role is often overlooked in the academic literature.
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6.3 Findings: Sustainable and Circular Business Models

A business model is defined as “the rationale of how an organization creates, deliv-
ers and captures value” (Osterwalder & Pigneur, 2010). The traditional research
concerning business models has established the development of models and tools,
e.g., the well-known business model canvas and value proposition design
(Osterwalder & Pigneur, 2010; Osterwalder et al., 2014) as well as the mapping of
diverse strategies for business model innovation (Gassmann et al., 2014). Shifting
towards sustainable and circular business models, the value creation is to maintain
the economic value embedded in products (Rosa et al., 2019) and support the clos-
ing of resource flows (Liideke-Freund et al., 2019) by long-lasting design, mainte-
nance, repair, reuse, remanufacturing, refurbishing, and recycling (Geissdoerfer
et al., 2017). Also, the increased apprehensions of the existing economic and capi-
talistic structures are probably part of the growing interest in other types of business
models (Schaltegger et al., 2016; Porter & Kramer, 2011). Furthermore, the current
linear approach has proven problematic in terms of the transformation process
towards a more sustainable economic system and its ineffectiveness for handling
global challenges (Weigend et al., 2020). Hence, the change into a circular economy
should consider an effective economy at all scales and not only an efficient produc-
tive economy as in contrast to the linear financial economy, which dominates the
current state (Webster, 2021).

The following sections will present the four major dimensions applied by the
study of Liideke-Freund et al. (2019), and the overall six business model patterns
are as follows:

Repair and maintenance

Reuse and redistribution
Refurbishment and remanufacturing
Recycling

Cascading and repurposing

Organic feedstock

AR i e

The patterns represent different design strategies and striving for either prolonging
life cycles of products, reusing for next product life, remanufacturing of products,
closing loops in production, or recovering resources (Liideke-Freund et al., 2019).

6.3.1 Value Proposition

A sustainable value proposition must consider the trade-offs between the ideal prod-
uct/service performance and the optimized social and environmental effects (Boons
& Liideke-Freund, 2013). Another literature review points at the fact that the value
proposition in a circular business model is the creation of a product/service that
includes and intentionally uses a circular strategy to create value (Nussholz, 2017).
The dimension of value proposition considers products and services with the aim of
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prolonging the life cycle of products or providing services related to take-back man-
agement, education, maintenance, or waste handling (Liideke-Freund et al., 2019).
A study from the Netherlands (Van den Brink et al., 2017) aimed at the construction
industry points out that the value proposition includes a service provider offering a
product that is completely tailored to the clients’ needs and delivered in a sustain-
able manner (Van den Brink et al., 2017). Thus, the study suggests that an external
service provider is in charge of finding the most optimal sustainable solutions and
consider buildings as customized and unique products. The study argues the need
for a third-party service provider, as the delegation of ownership to the contractor or
developer is not a feasible option due to the complexity of multiple owners (Van den
Brink et al., 2017). Another study from Finland by Ritala et al. (2018) suggests nine
different value propositions for sustainable business model innovation as a result of
analyzing 500 of the largest global corporations: (1) maximize material and energy
efficiency, (2) create value from waste, (3) substitute with renewables, (4) deliver
functionality, (5) adopt a stewardship role, (6) encourage sufficiency, (7) repurpose
for society, (8) create inclusive value (e.g., suppliers own materials instead of the
client), and (9) develop scale-up solutions. In comparison with the study by Liideke-
Freund et al. (2019), the study by Ritala et al. (2018) is not suggesting the prolong-
ing of life cycle by, e.g., maintaining; however, the value propositions are considering
other types of ownership models and services related to material/energy efficiency.
A case study of a Danish architectural firm included a circular business model,
where the value proposition for testing a mobile concrete recycling plant included
(1) circular economy solutions by reducing the carbon footprint and (2) same stan-
dards, e.g., price, architectural value, and quality (Nussholz et al., 2019). The case
study only focuses on a single material fraction, namely, concrete, and by that facili-
tates the possibility of setting up clear goals in the value proposition.

6.3.2 Value Delivery

Value delivery includes target customers such as quality conscious, cost conscious,
green customers, business-to-business (B2B) customers, business-to-customer
(B2C) suppliers, B2B suppliers, and customer-to-customer (C2C) suppliers
(Liideke-Freund et al., 2019). The case study of a Danish architectural firm suggests
the focus on customers who are interested in more environmentally friendly solu-
tions, e.g., public housing organizations (Nussholz et al., 2019). When comparing
the two frameworks (Liideke-Freund et al., 2019; Nussholz et al., 2019), the cus-
tomer segment in the construction industry is significantly limited compared to
other industries, as the customers are few and typically include public institutions or
private investors. Furthermore, the value delivery in the study by Liideke-Freund
et al. (2019) also consists of value delivery processes and suggests connecting sup-
pliers and customers, providing product-based services, and providing used/take-
back used/sharing “products/components/materials/waste.” The value delivery
processes suggested by Liideke-Freund et al. (2019) are highly relevant for
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“stand-alone” products and components with shorter life spans where, e.g., “take-
back” services would be difficult to implement for a building that requires predic-
tions related to the building’s future usage, function, and owners that can differ from
the users or residents. The study by Van den Brink et al. (2017) that focuses on
“building” level states that the value delivery includes a service provider that per-
forms all the activities from designing to operating by being responsible for the
operational lease solution. Moreover, the service provider is responsible for choos-
ing the products and ensuring that the building meets the performance level (Van
den Brink et al., 2017). Thus, the study is especially focusing on connecting the
construction phase and the operational phase and thereby inspired by the Energy
Service Company (ESCO) models (Van den Brink et al., 2017). However, these
types of models are difficult to practice in reality due to the multiple stakeholders
involved at different project phases.

6.3.3 Value Creation

Value creation includes “partners and stakeholders” and “value creation processes.”
Partners and stakeholders suggest suppliers, manufacturers, retailers, service pro-
viders, public institutions, collectors of products/components/materials/waste, and
others (e.g., researchers) (Liideke-Freund et al., 2019). Another study points at the
importance of establishing alliances with other stakeholders, generating value for
multiple value chain partners, or finding new ways of shaping economic transac-
tions between partners (Nussholz, 2017). According to the study of Van den Brink
et al. (2017), the partners will always include one or more of the following: the cli-
ent, external suppliers and/or financiers. The Danish architectural firm strives to
engage in partnerships and joint ventures with a concrete recycling plant and a
gravel mining company and form a network to develop a certification standard
(Nussholz et al., 2019). When comparing the studies (Liideke-Freund et al., 2019;
Van den Brink et al., 2017; Nussholz et al., 2019), multidisciplinary partnerships are
significantly important in the construction industry, as to find new types of solutions
by combining competencies from different technical fields. The value creation pro-
cesses consist of maintaining/repairing, refurbishing/remanufacturing, recycling,
upgrading/upcycling, reselling, taking back, winning back base materials, using
used products/components/materials/waste, and designing products/components/
materials (Liideke-Freund et al., 2019). The processes are focusing on stand-online
components or products, and the value creation is therefore difficult to adapt when
applying the same logic to “buildings.” The case of the built environment involves
increased complexity as “buildings” represent long-term capital goods with longer
life cycles that include repairs and refurbishments throughout a building’s life span.
Specifically, buildings consist of numerous standardized stand-alone products;
however, when assembled, buildings are unique, complex, long-lasting and trans-
formed units (Pomponi & Moncaster, 2017). Nevertheless, the majority of the aca-
demic literature within circular economy in construction focuses on the macro-level
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of cities and neighborhoods or the micro-level of construction materials, e.g., by
life-cycle assessments; thus, there is a lack of focus on the meso-level of buildings
(Pomponi & Moncaster, 2017).

6.3.4 Value Capture

Financial models need a transition from “price per unit” to pricing the “job to be
done” and value the compliance of needs rather than selling amounts of products
(Boons & Liideke-Freund, 2013). The value capture dimensions can be developed
by capitalizing on additional revenue sources, cost reductions, or nonfinancial ben-
efits related to circular efficiency strategies (Nussholz, 2017). According to the
study by Liideke-Freund et al. (2019), the value capture’s subcategories are “reve-
nues” and “costs.” Revenue suggests “additional product revenues, payments per
unit of service, payments for functions or results, and price premiums.” “Costs”
include labor, repair/maintenance, waste handling/processing, manufacturing,
resource inputs, transportation/logistics, and supply risks (Liideke-Freund et al.,
2019). The case study of a Danish architectural firm identifies cost for labor, materi-
als, as well as research and development (Nussholz et al., 2019). The revenue is
coming from contractors and public funding for innovation of technology develop-
ment (Nussholz et al., 2019). The case study represents a special case, as the busi-
ness model is based on research and external funding that require additional effort
for a construction company to initiate. According to another study from the
Netherlands that examines three specific case studies from the construction indus-
try, circular buildings must entail a new perspective on ownership of the materials
that are only temporarily stored/embedded in a building (Leising et al., 2018).
Nevertheless, elements embedded in buildings such as facades or roof are consid-
ered as fixtures and therefore an integrated part of the real estate, which challenge
the circular economy concept of closing material loops, as the distinction of move-
able objects and fixtures often is not considered in the academic literature (Ploeger
et al., 2017). The use of more standardized interfaces and Building Information
Modeling (BIM) could be applied for marking the components belonging to the
supplier and eventually the owner by a continuous documentation process (Ploeger
et al., 2017). Other studies point to the importance of providing green taxes in order
to change the current economic system and by that generate incentives for driving
energy savings (Tsai et al., 2011; De Jesus & Mendonga, 2018; Smol et al., 2020).

The literature on circular and sustainable business models demonstrates either a
broad perspective of many studies combined to develop archetypes/patterns
(Liideke-Freund et al., 2019; Ritala et al., 2018; Bocken et al., 2014) or a theoretic
framework (Pomponi & Moncaster, 2017; Nussholz, 2017; Boons & Liideke-
Freund, 2013; Schaltegger et al., 2016) or individual case studies aimed for solving
specific issues (Nussholz et al., 2019; Leising et al., 2018; Van den Brink et al.,
2017). Thus, few studies are adapted towards sustainable and circular business
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models in the construction industry, and the focus on the contractor firms’ role
appears neglected in the literature.

6.4 Discussion: Future Business Model of Contractors

Based on the previous analysis of the current literature, the discussion will empha-
size the narrower focus on construction companies, which have an essential role in
implementing sustainable solutions in practice. Thus, the discussion will include an
evaluation of contractors’ current business model and reflect on the transformation
process towards a more sustainable business model. The main theory will discuss
relevant models from the framework of Gassmann et al. (2014) work on 55 business
models and Ritala et al. (2018) study on sustainable business model adoption among
500 firms that consists of nine business model archetypes.

Larger contractor firms’ current business model is best characterized as a combi-
nation of “Long Tail” and “Orchestrator.” The Long Tail business model is based on
focusing on selling small quantities of a wide range of products. Thus, the Long Tail
model includes lower profit margins and smaller volume sales of individual prod-
ucts. The model means that companies can sell niche products and therefore gives
customers an advantage by having a wide range of options and therefore increasing
the chances of finding the product that suits their individual needs (Gassmann et al.,
2014). Contractors’ business model is typically not to sell “standard houses,” but
they are often involved in tendering processes with long negotiations based on the
chosen selection and award criteria. The purpose is to calculate the expenses and
describe the work processes related to the building project and at the same time pos-
sess a high level of flexibility aimed at meeting the customers’ myriad of individual
needs and considerations (Winch & Cha, 2020). In addition, the business model is
also “cost-driven” due to the strong price competition in construction (Berg et al.,
2019), and practices include increasing the productivity at the building sites.

“Orchestrator” is a business model where the company focuses exclusively on its
core competencies, and activities that fall outside these competencies must be del-
egated to specialized service providers who have the necessary skills to perform the
task successfully. As a management player of the value chain, “the Orchestrator”
will spend a large part of its time coordinating time and matching individual value-
creating activities (Gassmann et al., 2014). Thus, the business model for larger con-
tractors is categorized by offering niche products by evaluating the buildability
(Berg et al., 2019) and also managing highly complex projects, which includes find-
ing suitable collaboration partners, e.g., subcontractors and optimizing planning
processes.

When observing contractors’ future business model towards addressing the sus-
tainability demands, a suggestion could be the “Trash-to-Cash” business model that
includes a value proposition based on recycling or reusing old materials/products.
Used materials/products are collected and either resold or transformed into new
products. The model assumes that the acquisition of resources includes a low or no
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expense associated with developing new products (Gassmann et al., 2014). However,
this is not the case when it comes to used building materials/products, which often
result in a more costly process compared to the procurement of virgin materials
partly due to inflexible building regulations and the lack of standardization in the
area (Nordby, 2019; De Jesus & Mendonga, 2018). While this may change in line
with new CO, requirements in the Danish Building Regulations from 2023 (Ministry
of the Interior and Housing, 2021), where scarce resources of recycled/reused prod-
ucts may undertake a development towards becoming cost competitive due to the
increasing demand, it is deemed to be a long and slow change process. Nevertheless,
there is a greater chance of the “Trash-to-Cash” core business to be managed by
waste treatment plants or material/product manufacturers rather than contractors
who are used to waste handling, technical processing, and transforming resources.
The process could involve take-back schemes, e.g., as a result of materials poten-
tially being owned by manufacturers or real estate companies (Stephan &
Athanassiadis, 2017). Hence, new material manufacturers may arise due to the
increasing demand for reused materials that also incorporate documentation of the
quality. One example is the Danish company “Old Bricks” (in Danish: Gamle
Mursten) that recover and resell bricks from demolition (Nussholz et al., 2019).
Thus, contractor firms are an important link when it comes to delivering and receiv-
ing used materials/products, but the business model itself is far from their core
disciplines.

The business model “Make More Of It” enables companies to offer know-how or
other resources to other companies in order to generate additional revenue besides
the core revenue (Gassmann et al., 2014). Contractor firms’ position in the value
chain is in development, as the tendency is that contractors are moving towards
becoming consulting contractors by an earlier involvement in construction projects
(Berg et al., 2019). The increase in project complexity provides a business opportu-
nity for contactor firms to sell “consultancy” services, e.g., related to early build-
ability advising with the aim of winning the project in the final tendering process.
The “Add-On” business model is about pricing the core offering competitively, but
additional “extra” services will raise the final price (Gassmann et al., 2014). Thus,
the business model generates the possibility of working with options that meet the
customer’s specific individual needs. As mentioned earlier, the construction indus-
try is highly dominated by competitive pricing and offering sustainability initiatives
will often lead to extra costs. As a result, “Add-On” could play a role in the tender-
ing process, as to offer additional services related to environmental sustainability
and thereby influence the building client in a greener direction. Also, the contractor
can demonstrate potential solutions or initiatives that they are working with to drive
the innovation despite the services being outside the economical boundaries of the
project. Both business models could be integrated simultaneous dependent on the
specific project and the building clients’ willingness to engage in new types of inter-
actions either in the early market dialogues or in the tendering negotiations.

Another suggestion is to handle new sustainability requirements according to the
“Orchestrator” business model (Gassmann et al., 2014) and by that retain known
work practices. The advantage of the model is a close collaboration with external
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partners, whose innovative solutions can help strengthen contractor firms’ produc-
tion. Thus, the model prescribes the unnecessary state of optimizing the in-house
competencies but rather finds suitable partners who are better equipped to handle
the tasks. Contractor firms already hold strong competencies in being a manage-
ment contractor, so the increased coordinator role as “Orchestrator” is not new but
rather an extension of an already existing modus operandi. The role of being the
“Orchestrator” will probably change in terms of requiring more time spent on coor-
dination and the establishment of valuable partnering agreements with multiple
stakeholders from the value chain. There is no doubt that the sustainable agenda will
mean the conclusion of cooperation agreements with innovative partners in the
value chain. Moreover, the shift in consumer preferences towards increased sustain-
ability demands (De Jesus & Mendonca, 2018) would probably require upgrading
employees’ skills to actively contribute to sustainable initiatives and possess quali-
fied knowledge in the dialogue with engineers, architects, and other partners (Brooks
& Rich, 2016). However, the level of knowledge might not fall under the category
of in-depth technical expertise, thus to a higher degree anticipating the need for
long-term partnering agreements for the handling of sustainable initiatives (Aarseth
etal.,2017) or participate in new types of procurements (Tang et al., 2019; Héakkinen
& Belloni, 2011). One strategy could include hiring in-house sustainability consul-
tants to handle new sustainability requirements. Another strategy is to “‘decentral-
ize” the knowledge for a high number of employees, e.g., project leaders and site
managers instead of having few experts that are centralized in their own team as a
support function. In this way, the knowledge on sustainability is more integrated
into the organization’s portfolio of projects, while the in-depth technical expertise is
derived from collaboration with external partners. This strategy has the advantage
of not having to rely on few critical resources within the field but the disadvantage
of potentially having inadequate in-house knowledge concurrently with increasing
sustainability demands.

As mentioned earlier, the study by Ritala et al. (2018) suggests nine archetypes
for sustainable business model innovation: (1) maximize material and energy effi-
ciency, (2) create value from waste, (3) substitute with renewables, (4) deliver func-
tionality, (5) adopt a stewardship role, (6) encourage sufficiency, (7) repurpose for
society, (8) inclusive value creation, e.g., suppliers own materials instead of the
client, and (9) develop scale-up solutions. The business model innovation “create
value from waste” is comparable with the business model “Trash-to-Cash” and is
concerned with closing the resource loops of materials and products (Ritala et al.,
2018). “Deliver functionality” rather than ownership and “inclusive value creation”
are examples of business model approaches with alternative types of ownership,
e.g., sharing economy. A known example in the construction industry is the ESCO
models, where the energy service company is responsible for carrying out the
energy services without the client’s own capital, and the energy savings will repay
the company. Nevertheless, the long lifetimes of buildings complicate the realiz-
ability and the profitability of these types of leasing arrangements for the applica-
tion of circular economy services (Van den Brink et al., 2017). Thus, an advanced
circular economy service, e.g., for the facade of a building based on leasing would
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potentially lead to an arrangement of consortia, e.g., similar to public-private part-
nership solutions (Van den Brink et al., 2017). Furthermore, the study also con-
cludes that lease solutions with suppliers would probably only make sense if they
work together in longer project commitment for multiple projects, e.g., as comakers
or chain partners (Van den Brink et al., 2017). “Adopt a stewardship role” is about
taking stewardship as a company by demonstrating additional responsibility to
address social or environmental issues, whereas “repurpose for society” is about
transforming the corporate structure for sustainability by the striving of using the
power of markets (Ritala et al., 2018). Both business models are similar to “the
Orchestrator” by possessing a leader role in the industry and directing the project
organization towards solving social or environmental requirements set by the build-
ing client in the procurement. As a large contractor, it is possible to influence the
market and the building clients’ decision-making by suggesting sustainable initia-
tives in early market dialogues and in the tender material.

Current frameworks for sustainable business model innovation (Liideke-Freund
etal., 2019; Gassmann et al., 2014; Ritala et al., 2018; Bocken et al., 2014) are only
to a limited extent considering the distinctive characteristics of the construction
industry due to the narrow focus on industry with a production chain like “make-to-
stock” (Van den Brink et al., 2017). As a result, the future business model of con-
tractors indicates an increased strategy of applying the “Orchestrator” business
model (Gassmann et al., 2014), as the transition points in the direction of an addi-
tional coordinator role by participating in earlier project involvement with greater
complexity due to the interdisciplinary character of sustainable measures. Namely,
sustainable measures are also generating the need for “inclusive value creation”
(Ritala et al., 2018) to form new types of long-term partnering agreements for the
handling of sustainable initiatives or participate in new types of procurements.

6.5 Conclusions

The main findings include that value proposition must consider a different logic
than breaking the shorter lifespans of products, as buildings already include long
life cycles of 50-100 years. The value delivery in the construction industry differs
in terms of customer segments compared to industry, as they typically represent the
role as an “ordered or investors” and are therefore cost intensive, few, and repeat-
able. Value creation processes are focused on stand-online components or products,
but buildings consist of numerous standardized stand-alone products that function
as unique, complex, long-lasting, and transformed units when assembled. Finally,
the value capture must consider buildings’ fixtures such as facades or roofs, which
is an integrated part of the real estate that challenges the circular economy concept
of closing material loops.

The prevalent business model of large contractors is characterized by a combina-
tion of offering niche products, “long tail,” and having the role as the construction
management, “Orchestrator.” The adaptation towards a new circular and sustainable
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business model points out that current frameworks are not designed with the pur-
pose for application in the construction industry because the focus is primarily on
products aimed at breaking shorter life cycles. The future circular business models
of larger contractor firms will probably include elements of the business models
“Orchestrator” and “inclusive value creation” due to the increased need for coordi-
nation and early project involvement with multiple stakeholders in the value chain
for the co-creation of long-term and valuable partnering agreements as well as par-
ticipation in new types of procurements.

The research supports the SDG 12 titled “Responsible consumption and produc-
tion,” where the development of new sustainable business models in the construc-
tion industry is essential in order to meet target 12.2 of “sustainable management
and use of natural resources” and target 12.5 of “substantially reduce waste genera-
tion’ (United Nations, 2016). Furthermore, it can be argued that new sustainable
business models in construction are potentially also in line with supporting SDG
target 17.17 “encouraging effective partnerships” (United Nations, 2016), because
of the potential alternative stakeholder formations when dealing with sustainable
measures.

The findings indicate the need for developing new business models that both
capture the distinctive characteristics of the construction industry and innovate
building contractors’ traditional practices towards the sustainable and circular tran-
sition. In conclusion, future work will investigate the case study of a Danish con-
tractor firm and map its current business model and the related challenges it faces in
the shift towards a new sustainable and circular business model.
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Chapter 7
Circular Construction Platforms:
A Systematic Literature Review

Christian Thuesen, Claes Seehausen Lindtofte, Sophie Fiihrer,
Alexander Olin Barfoed, Thor Biering Rohdin, and Janak Raja

Abstract Construction practices are critical for building our societies, but despite
increasing focus on sustainability in the industry, the practices are inherently unsus-
tainable — in absolute terms. The circular economy has been identified as a crucial
paradigm shift to keep the construction within absolute boundaries of sustainability,
covering waste and resources. The needed transformation comes with added com-
plexity, uncertainty, and a requirement to innovate areas that historically have chal-
lenged the industry. This paper outlines preliminary research into the challenges of
circular construction and how platform thinking can catalyze the sustainable trans-
formation of construction toward circularity. The paper is based on initial findings
from two systematic literature reviews of circularity and platform thinking in con-
struction. The review identifies core circular economy challenges like (1) high vari-
ance, low volume, (2) short-term project-based optimization, (3) tough price
competition, (4) industry fragmentation, and (5) lacking documentation of material
flows and performance. Most of these challenges can be addressed by core features
of platform thinking like (1) balancing and economy of scale, (2) long-term strate-
gic thinking, (3) value and cost optimization, (4) value chain integration and coor-
dination, and (5) documentation of platform architectures and performance. Thus,
the paper finds platform thinking a promising strategy for enabling circular econ-
omy in construction, directly addressing SDG 12, and indirectly SDGs 8, 9,
11, and 13.
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7.1 Introduction and Purpose

The construction sector has been key in building our modern societies, and today’s
increasing population and urbanization create global demand for construction.
Employing 18 M people and accounting for 9% of the European GDP (EC, 2016),
the construction sector plays an important economic and societal role. However, the
global industry’s productivity rate has stagnated at a 1% growth rate per year over
the past 20 years (Barbosa et al., 2017). Pushed by the covid pandemic, McKinsey
foresees a transformation of construction “[...] from a highly complex, fragmented,
and project-based industry to a more standardized, consolidated, and integrated
one” (Bartlett et al., 2020). The 2018 World Urbanization Prospects report from the
United Nations (2019) forecasts that 68% (2018, 55%) of the global population will
be living in cities by 2050, with a daily expansion of the global urban area by
200,000 people. Metaphorically speaking, the demand for housing and other infra-
structure accumulates every month to “another New York City” (Gates & Gates,
2019). Extrapolated to the demand of virgin raw material and emissions, the built
environment accounts for 39% of greenhouse gas (GHG) emissions globally (UNEP,
2019) and consumes 40% of material resources; in the EU, the construction sector
produces 30% of the waste (European Commission, 2019). Coupled with the fore-
casted increase in resource consumption, in absolute measures, current construction
practices are unsustainable as these contribute to the exceedance of environmental
boundaries and resource supply horizons.

The notion of circular economy (CE) is regarded as a promising and necessary
solution to cope with future resource demands by aiming at closed material and
energy loops (Geissdoerfer et al., 2017; EMF, 2013). Various circular solutions
emerge in the construction industry. Lopez Ruiz and colleagues (2020) identified
waste management and the recirculation of recovered materials and their applica-
tion of secondary building materials as promising solution pathways. The needed
transformation comes with added complexity, uncertainty, and a requirement to
innovate historically challenging the industry. In this context, several academic and
industry reviews identify the importance and challenges of implementing CE in
construction (e.g., Styles et al., 2018; Osobajo et al., 2020; Ottosen et al., 2021).
Various initiatives have been initiated to address the circularity challenges and sup-
port the transformation of construction. Despite their potential to address the nega-
tive impacts, current practices and the application of circular strategies in the
industry remain limited (Gonzélez et al., 2021). The inherent complexity in the
construction sector as a whole and the application of circular solutions specifically
call for further actions. These challenges and opportunities related to value chain
integration (Osobajo et al., 2020; Ottosen et al., 2021) and documentation (Styles
et al., 2018) are currently not supported by systematic research and development



7 Circular Construction Platforms: A Systematic Literature Review 93

activities. Platform thinking is a concept that has developed significantly over the
past decade and has proven as a core strategy for handling the increasing complexi-
ties of value production. With inherent innovation capabilities and productivity
gains (Jones et al., 2021), platforms provide a promising enabler to tackle various
challenges of adopting fully circular construction practices and supporting the
industry’s productivity, leaving this paper with the opportunity of filling this gap.

Following this, the paper sets out to investigate and answer “how can platform
thinking act as an enabler of circular economy in the construction industry?”” The
research applies a literature review to explore the intersections of the construction
industry with both the circular economy and platform thinking. This constitutes the
foundation for identifying relevant hypothesis of circular construction platforms
(CCP). The paper ends by connecting the challenges of transforming toward a cir-
cular construction industry with platform thinking as a catalyst.

7.2 Methodology

This paper reviews existing literature within policymaking, industry, and academia.
A systematic literature review extracts state-of-the-art knowledge from previous
academic studies combined with central publications from industry and policymak-
ers. The investigated topics concern circular economy, platform thinking, and the
construction industry creating cross-sectional fields of studies as illustrated in
Fig. 7.1.

The field of studies initially guided definitions of the search strings. The search
strings were subsequently modified to include different terms of the same topics,
ensuring a more fine-grained identification of relevant articles. Table 7.1 presents
the reviewed search strings, including the number of papers reviewed.

A structured assessment of literature was conducted, undergoing four steps. The
first step presented all papers generated from the search strings, followed by the

Fig. 7.1 The field of
research investigating the

integration of (1) the Construction
Industry

circular economy and (2)
platform thinking within
the construction industry to
derive the intersection for
circular construction
platforms (CCP)

Circular Platform
Economy Thinking
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Table 7.1 Summary of the systematic literature review process and main steps, including the
search strings, process, and number of reviewed papers

No. of No. of
Total No. of papers papers
Academic no.of | papers screening of | screening of
Search strings database papers | extended | titles abstracts
(“Circular economy”” and Scopus 1.345 557 100 115
“construction”) Web of 790 386
Science
Dimensions | 1.052
(“Circular economy” or Scopus 1.489 643 200
“cradle to cradle”) and Web of ]74
(“construction” or Science
“construction industry” or Dimensions | 584 239
“built environment”)
(“Product platform” and Scopus 86 86 87
“construction”) Web of 16
Science

Dimensions |29

((*“Product platform*” or Scopus 18.344
“mass customization” or Web of 6.111
“modular”) and Science

(“construction” or “industrial
housing” or “built
environment”))

Dimensions | 885

second step only including English-written papers and open access papers. The
most relevant articles were selected based on headings in the third step. The final
selection was made by reading the abstracts. Table 7.1 presents the process and
number of papers.

7.3 Findings

In the following, we will present the preliminary findings from the literature review
concerning circularity and platform thinking, identifying possibilities for develop-
ing a framework for circular platforms applicable to the construction industry.

7.3.1 Circularity in Construction the Construction Industry

To attain international goals of keeping resource consumption within certain plan-
etary boundaries, there is a need to reduce the consumption footprint and double the
circular material use rate (European Commission, 2020). A key challenge in the
construction industry is that all construction and demolition wastes (CDW) derived



7 Circular Construction Platforms: A Systematic Literature Review 95

from buildings’ end-of-life stages are currently reused or recycled at a very low rate.
Despite a low level of waste disposal sent to landfills, CDW’s actual reuse or recy-
cling in Denmark represents less than 36% of materials, where the major part (55%)
is recovered and utilized in low-quality applications (MST, 2020). Hossain et al.
(2020) likewise address the importance for CE in upgrading the quality of reused
and recycled materials and components. An established consensus points toward
circular solutions as the tool enabling the construction industry to perform a sustain-
able transformation (EU, 2020; Osobajo et al., 2020). Two essential topics are pre-
sented concerning circular solutions (Osobajo et al., 2020): waste management and
resource reuse.

Taking the point of departure today, there are two dimensions describing waste
management and resource reuse by either being proactive, enabling circular solu-
tions for future constructions, or applying circular solutions addressing the current
building stock. The common demand for both perspectives is data for decision-
making. It is crucial to establish reliable CDW data and whereabouts of materials to
support decision-makers and policies concerning CDW management and waste
reduction in the construction industry (Styles et al., 2018; Hossain et al., 2020).
Heinrich and Lang (2019) also address the importance of generating data for
decision-making and suggest a forecast model of secondary raw materials acting as
the foundation for recovery strategies and recovery mechanisms. A bottom-up
approach taken by Lanau and Liu (2020) aims to map materials embedded in con-
struction, such as buildings and roads. These approaches face one major challenge
in ensuring and documenting the quality of materials, which act as a crucial param-
eter for reuse or recycling. Life cycle assessment (LCA) is a well-recognized tool
for assessing sustainable potentials and consequences; however, the complexity of
generating data is an obstacle to fully integrating this method in decision-making
and comparisons to conventional solutions (Ipsen et al., 2021).

Styles et al. (2018) present comprehensive research resulting in 11 specific strat-
egies, including proactive and reactive solutions aiming to reduce, reuse, and recy-
cle CDW, such as designing waste and economic instruments creating economic
incentives to use recycled materials. Five design strategies are presented by Ipsen
et al. (2021), where Design for Disassembly (DfD) has achieved a lot of attention in
the literature due to its simple logic of separating elements or materials and apply-
ing them in another construction setting. Styles et al. (2018) argue that DfD has the
potential of designing out waste. Despite DfD’s popularity, this solution is not
unambiguous the correct solution. Critics indicate that a comparison based on a
LCA considering DfD concrete elements and upcycled concrete elements does not
put DfD in favor but rather proposes a combination of approaches. Furthermore,
DfD does not directly produce solutions regarding resource scarcity and how to
reuse or recycle the resources of today’s buildings. It is well-defined that the con-
struction industry requires circular solutions to accommodate the resource scarcity
issue. In contrast, especially concrete has been of high priority for research due to
the heavy carbon dioxide (CO,) emissions (Styles et al., 2018; Gebremariam et al.,
2020; Frederiksen & Madsen, 2016) and therefore included as an example of a cir-
cular resource.
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Reusing concrete aggregates in new concrete elements further implies heavy
transportation and processing while facing fierce cost competition against virgin
materials to achieve commercial success (Styles et al., 2018; Gebremariam et al.,
2020). Alternative solutions such as carving out concrete and applying them for
other constructions can overcome the costly and CO, heavy transportation and pro-
cessing, according to Frederiksen and Madsen (2016). However, neither of the men-
tioned solutions has experienced a commercial breakthrough, not caused by
technological ability but rather economical and excess complexity of a reverse sup-
ply chain. An established consensus in literature addresses circular solutions’ lack
of competitiveness due to extended initial investment costs as one of the greatest
barriers to adoption in construction (Ipsen et al., 2021; Orsini & Marrone, 2019;
Hart et al., 2019). Furthermore, Hossain et al. (2020) present challenges of a reverse
material flow where topics such as new business models, modified supply chains,
and new processes are important. Aspects of missing policies and legislation, such
as requirements for the quality of recovery and financial incentives, also act as bar-
riers to integrating circular solutions when competing against regular solutions
(Ipsen et al., 2021; Hart et al., 2019). However, a policy and legislation change can
also accelerate market demand in the short and long term.

Sanchez and Haas (2018) take another perspective when addressing circular
economy in construction. They argue that the lifecycle impacts of adaptive reuse of
existing buildings are superior to new buildings. Furthermore, they present that cur-
rent pre-project planning tools are insufficient for evaluation circularity. The
research focuses on a framework for decision-making called Project Definition
Rating Index (PDRI), developed by Construction Industry Institute (CII) and applied
for several decades. Their research proposes four new parameters to evaluate the
potential of existing buildings equally to new buildings. However, the project price
is highly case-specific and can fluctuate, potentially even increasing the cost of new
buildings (Table 7.2).

7.3.2  Platform Thinking in the Construction Industry

Platform thinking has developed significantly over the past decade and proven as a
core strategy for handling the increasing complexities of value production, whether
considering Meyer and Lehnerd’s (1997) seminal work on product platforms or the
rise of platform economies based on digital markets, such as with Airbnb (Parker
etal., 2016). Platforms are generally described from either a technical or ecosystem
perspective. The technical perspective (Baldwin & Woodard, 2009) views a plat-
form as “a set of stable components that support variety and evolvability in a system
by constraining the linkages among the other components” (p. 19). The ecosystem
perspective focuses on the actors around the platform ecosystem, where Robertson
and Ulrich (1998) define platforms as a collection of assets, such as components,
processes, knowledge, people, and relationships all shared between several prod-
ucts. Platforms have proven successful strategies (Gawer, 2011) for achieving
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Table 7.2 Summary of the challenges to the adoption of circularity in the construction industry

Challenges

Description

Author, year

1. High variance,
low volume

Current construction practices focus on the
realization of unique projects. This challenges
the adoption of a circular economy since the
material from demolitions is case-specific,
resulting in high variance and low volume. This
is detrimental to the recirculation rate and
enforces low-quality application of secondary
materials

Osobajo et al. (2020),
Hossain et al. (2020),
and MST (2020)

2. Short-term
project-based
optimizations

The traditional industry performance is
challenged due to short-term success criteria
with minimal long-term organizational learning.
This hinders effective learning processes for
systematically developing circular solutions that
can be leveraged across projects

Styles et al. (2018)

3. Price
competition

Cost represents one of the greatest drivers in
current construction practices. Circular solutions
experience excess and fluctuating costs
compared to traditional solutions, e.g., initial
investments. This impacts the demand because
of lacking possibility of exploiting economy of
scale to achieve cost reductions

Sanchez and Haas
(2018), Styles et al.
(2018), Gebremariam
et al. (2020), and
Frederiksen and
Madsen (2016)

4. Industry
fragmentation

The industry is highly fragmented and complex
and lacks facilitation of continuity of assets,
such as products or services, processes, or
teams/people, enabling innovation and economy
of repetition. Circular practices introduce new
companies, processes, and solutions and thus
add additional complexity and fragmentation

Hossain et al. (2020)

5. Lacking
documentation of
material flows and
performance

Existing construction materials used for
realizing unique projects are highly regulated
and standardized. This challenges circular
materials adoption as these lack data and
documentation of “production” and formal
quality levels

Styles et al. (2018),
Ipsen et al. (2021),
Heinrich and Lang
(2019), and Hossain
et al. (2020)

long-term strategic benefits in the automotive, aerospace, and defense industries. A
key advantage of platforms is meeting market demands without requiring excessive
resources (Robertson & Ulrich, 1998). By achieving high commonality and product
adjustability, platforms can exploit economy of scale and still deliver variance in the
form of differentiated products. A prerequisite for doing this is the ability to under-
stand the architecture of platforms. Several frameworks exist to analyze and opti-
mize a platform’s ability to generate value. This includes Modular Function
Deployment (Erixon, 1998), Product Family Master Plans (Harlou, 2006), and
Product Variant Master (Hvam et al., 2008). Most of them include different perspec-
tives, coordinating the customer’s needs, product design, production processes, and

resources.
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Research concerning platform thinking in construction is limited (Thuesen &
Hvam, 2011; Jones et al., 2021). Traditionally, the sector struggles to resolve the
conflict between standardization to minimize cost and the variations in customer
demands (Gibb, 2001), making platform thinking a valid candidate to consider
when solving this challenge. Thuesen and Hvam (2011) present how a platform
building on standardization, strategic partnerships, and continuous platform optimi-
zation enables a housing company to improve efficiency and solve the conflict
between standardization and variation. By enabling the repetition of assets from
project to project, the company’s heightened experience, increased efficiency, and
reduced costs while meeting the demanded value of the market. Furthermore,
Thuesen and Hvam (2011) emphasize that the platform’s success depends on initiat-
ing and maintaining long-term strategic partnerships between platform participants
enabling continuous and structured innovation across the value chain.

Other case studies, including Wor6sch et al. (2013) and Kudsk (2013a, b), docu-
ment how product platforms can supply low-cost housing with a high level of cus-
tomization. Platform strategies can be implemented from two levels: bottom-up
through standardization of components/parts and top-down from building typolo-
gies. Wordsch et al. (2013) further suggest that standards and platforms promote the
usage of drawings, photos, and prototypes in working descriptions rather than text,
which improves communication and productivity. Other research has focused on
less practical issues and more on the idea of using platforms in the AEC industry:
Jansson et al. (2014) apply a redefinition of the definition of platforms by Robertson
and Ulrich (1998), to adapt to the project-based and engineer to order context (ETO).

Today, construction’s value and supply chain follow an institutionalized division
of labor organized in short-term projects as the primary mode of production; this
leads to a fragmented industry along three dimensions (Jones et al., 2021: 2).
“Vertically, where different companies deliver different phases of a project
(Alashwal & Fong, 2015), Horizontally, when different actors deliver complemen-
tary products and services (provided by specialists) at, approximately, the same
stage of a process (Fellows & Liu, 2012); and longitudinally, where continuity of
teams is disrupted by reassignment at the end of a project, taking any tacit, accumu-
lated knowledge with them (Fergusson & Teicholz, 1996).” The fragmentation chal-
lenges the performance of the industry (McKinsey, 2020), driving specialization
around institutionalized roles and archetypical business models (Berg et al., 2021)
rather than organizing the value chain toward “building better buildings.”

The organizational importance of platform thinking is also realized in Jones’
etal. (2021) investigation of digital product platforms in UK construction firms. The
well-defined product platform facilitates the development of capabilities and allows
the integration of a fragmented industry. The horizontal integration captures spe-
cialized capabilities within the digital product platform and facilitates repetition
across projects. Looking at the vertical integration, an essential finding is how the
coordination between the design and manufacturing phase can be achieved by con-
tracting instead of acquisitions while still managing to capture the tacit knowledge
generated and exploiting the innovative bottom-up solutions (Table 7.3).
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Table 7.3 Summary of enablers caused by platforms

Enablers Description Author, year

1. Balancing Platforms enable customization with near mass Gibb (2001),
customization and production efficiency as it shares the theoretical Bonev et al.
economy of scale/ underpinning with mass customization (2015), and Kudsk
repetition (2013a, b)

2. Long-term strategic | Platforms enable long-term strategic development | Thuesen and
thinking as it systematically looks for similarity across Hvam (2011) and

customers and avoids sub-optimization in projects

Kudsk (2013a, b)

3. Value and cost
optimization

Platforms enable systematic productivity
development by separating the value production
and cost reduction inspired by lean thinking

Robertson and
Ulrich (1998) and
Thuesen and
Hvam (2011)

4. Value chain
integration and
coordination

Platforms enable integration and coordination of
value chains through standardization, repetition,
strategic partnerships, and structured innovation

Jones et al. (2021)
and Thuesen and
Hvam (2011)

5. Documentation of
platform architectures
and performance

Platforms enable transparency and comparability-
based standardization and repetition among
strategic partners. This is a central prerequisite to
generating data from and assessing performance
and consequences across products and processes

Thuesen and
Hvam (2011),
Harlou (2006),
and Kudsk (2013a,
b)

7.4 Discussion

7.4.1 Hpypotheses of Circular Construction Platforms

Based on the preliminary results from the literature review, it should be apparent
that platform thinking can address some of the core challenges of circular construc-
tion. Table 7.4 juxtaposes the identified challenges of CE with the enablers of plat-
form thinking. We will in the following discuss how this translates into several
hypotheses for circular construction platforms.

H1: Platforms enable variance of circular solutions and secondary materi-
als The platform’s ability to handle customizations while leveraging similarity
across projects can address the current challenges of high variability and low vol-
ume of secondary materials. However, this will also challenge the current under-
standing of platform thinking that traditionally targets “end users” with variability.
The concept of “end users” is problematic in a circular economy because there
potentially is no end to using materials. Thus, platforms need to handle not only the
variability toward construction but also the process of deconstructing buildings.

H2: Platforms enable the development of circular solutions that are relevant
through time The current practices favor one-of-a-kind solutions that are contex-
tualized to specific projects. While this customization strategy can potentially
ensure the reuse of a small volume of secondary materials, the developed solutions
would be subject to suboptimization that hinders long-term value delivery. On the



100 C. Thuesen et al.

Table 7.4 Contrasting the challenges posed to the adoption of CE in construction with the
enabling potential of platform thinking

Circularity challenges Platform enablers

High variance, low volume 1 | Balancing customization and economy of
scale/repetition

Short-term project-based optimization 2 | Long-term strategic thinking

Price competition 3 | Value and cost optimization

Industry fragmentation 4| Value chain integration and coordination

Lacking documentation of material flows and | 5 | Documentation of platform architectures and

performance performance

other hand, platforms enable long-term optimization that supports the basic princi-
ples of the circular economy.

H3: Platforms enable productivity development of circular solutions Current
circular solutions are not competitive in the market, focusing on short-term costs at
the expenses at long-term costs and value. The long-term perspective of platforms
creates different incentive structures that separate and optimize value and cost, tar-
geting the required productivity development for making secondary materials com-
petitive. This can also be realized through increasing taxes and enforcing the role of
politics and regulation.

H4: Platforms enable organizational specialization toward complex circular
solutions The current fragmentation of the industry leads to lost knowledge from
project to project, inefficient decision-making due to lack of knowledge and com-
munication, and know-how remaining at the individual level (Jones et al., 2021).
Platforms enable the pursuit of value-adding repetitions driving specialization in
increasing complex circular solutions for certain markets and customers.

HS: Platforms enable detailed documentation of circular practices and solu-
tions The current industry practices rely on general standards for documenting pro-
cesses and products that are abstract, not always verifiable and comparable. This makes
continuous improvement of the performance of circular solutions difficult, hampering
wider diffusion in the industry. Platforms create shared standards for organizing prod-
ucts, processes, and organizations that are followed across projects. This makes the
necessary infrastructure for monitoring the development of circular solutions.

7.4.2 Limitations and Further Research

Where the current construction value chain is thus not fit for purpose, handling the
increasing complexity and uncertainty of the circular economy, the above-identified
hypothesis documents the potential for introducing platform thinking as a catalyst
for transforming construction toward circularity.
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Today, there are only limited examples of leveraging platforms for sustainabil-
ity — and even less so within the area of circularity. Minunno et al. (2018) and
Mignacca et al. (2020) represent noteworthy exceptions targeting prefabrication and
energy infrastructure, respectively. Thus, there is both industrial and academic
potential for developing platforms that systematically improve the competitiveness
of construction in general and of circular construction solutions in particular.

Platforms offer an organizational and technical order that allows specialization
within a certain market and types of projects. Platforms create organizational learn-
ing and innovation infrastructures that allow for specialization and optimization
across the supply and value chain. Moreover, it obstructs the development and
implementation of circular practices requiring system-based long-term thinking,
detailed understanding of the materials used, their assembly, and performance
throughout the life cycle. This should be subject to further research and innovation
in the industry.

While platforms represent a promising catalyst, they should not be seen as a sil-
ver bullet for handling all challenges of circular construction. Further research is
also needed into the documentation of materials (Ottosen et al., 2021) and the
broader shaping of markets through industry standardization and regulation (Ipsen
et al., 2021; Hart et al., 2019).

7.5 Conclusion

CE takes two overall perspectives on the construction industry. Firstly, design solu-
tions can enable future buildings to adopt circularity, and secondly, the potential of
today’s CDW as substitutes for primary resources. Combining the two perspectives
into a reverse supply chain delivers processed or directly recycled CDW to manu-
facturers that act as suppliers of material or components for the construction indus-
try. However, the literature indicates several barriers to withholding CE’s integration
in the construction industry. Platforms connecting relevant parties have proven
effective in driving innovation and cost reduction and operating complex settings as
established in construction. Thus, platform thinking holds the promise of overcom-
ing the barriers identified to complete a sustainable transformation toward
circularity.

This is important for the realization of the SDGs. For the global community to
attain the international goal SDG 12 of keeping the resource consumption within
certain planetary boundaries, there is a need to reduce the consumption footprint
and double the circular material use rate (EU, 2020). The provision of sustainable
cities and communities (SDG 11) is directly tied to the countries’ ability to reduce
their energy consumption and carbon emissions through circular construction prac-
tices. The application of circular construction platforms can directly address SDGs
12 and 11 and indirectly enable reduced climate change (SDG 13) and contribute to
SDGs 8 and 9.
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Chapter 8

Blue Ocean Strategy for Business Case
of Building Components Designed

for Disassembly

Artur Tomczak and Ole Jonny Klakegg

Abstract Sustainability requires us to show careful consideration for nature and
future generations. When designing new structures, along with optimisation and
cautious material selection, we should also ensure their long-term usefulness. One
way to do this is to reuse whole building components, which is known from history
to be practical. Life-cycle assessments prove this circular practice to be more envi-
ronmentally friendly than recycling. Designing adaptable building components for
disassembly and reassembly is feasible but not popular. This paper looks at the
viability of such a product offering and conceptualises a business case using the
Blue Ocean Strategy framework. The analysis is based on data coming from litera-
ture, case studies and interviews with practitioners. The business case of adaptable
building components not only is built on the premise of subsequent uses of the
products but also shows immediate benefits such as a fast assembly process. From a
solely economic perspective, such products bring primary value in attracting more
clients willing to pay an additional price for more sustainable buildings. Such an
offering also helps to form a circular economy market of reusable products, which
is desired by European incentives. The results compare and distinguish the circular
business case with contemporary alternatives — monolithic and prefabricated struc-
tures. The paper provides guidelines for harnessing the value of prefabricated build-
ing elements designed with the intention of multiple applications and developing a
circular economy business strategy in the built environment. Necessary precondi-
tions, limitations and barriers are also discussed.
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8.1 Introduction

The Industrial Revolution has brought us significant advancements, allowing us to
produce goods in high volume efficiently. High performance and energy-intensive
manufacturing processes also have side effects — businesses optimise for short-term
profits at the expense of society and the environment. Nowadays, with raising
awareness of anthropogenic influence on climate change, sustainability gains atten-
tion also in construction. To minimise the greenhouse gas (GHG) emissions, design-
ers righteously try to improve buildings’ energy efficiency, but as they progress and
as countries shift towards renewable energy sources, the embodied emissions of
materials begin to play a very important role (Rock et al., 2020; Wiik et al., 2018).

Fivet and Briitting (2020) name three ways to address the issue of embodied
GHG: (1) optimise the design to be material-efficient, (2) employ low-carbon mate-
rials, and (3) ensure long-term usefulness of elements. The first two are usually
considered by the designers, but the third is overlooked, causing a mismatch between
designed and actual lifespans. Speaking of time aspect, Wilkinson et al. (2014)
describe three types of building lifespans: (1) the technical, driven by safety, depen-
dent on the physical condition, that can be prolonged by maintenance; (2) func-
tional, which ends when the building limits the use and is no longer fit for
requirements and needs of the users; and (3) economic, as long as buildings gener-
ate more income than costs. Authors also list other factors that affect building use-
fulness — social, like fashion or demographic; legal, when a building is not compliant
with regulations; and political such as zoning or heritage. When one of the lifespans
ends, the building becomes obsolete or even demolished, causing underutilised
materials to become waste.

Separation of the technical lifespan from the economic and functional enables
the utilisation of materials’ full potential. Such a breakup is a key topic of literature
on circular practices. European Commission (2015) describes circular economy
(CE) as an approach ‘where the value of products, materials and resources is main-
tained in the economy for as long as possible, and the generation of waste mini-
mised’. Bocken et al. (2016) further extend the definition by providing three types
of circular economy practices: (1) slowing resource loops by design of long-life
goods and product life extension (repair, reuse, remanufacturing), (2) closing
resource loops by using resources over and over again, avoiding taking out virgin
resources (recycling), and (3) narrowing resource loops, or increasing resource effi-
ciency, by using fewer resources per product.

The revolution in space exploration with reusing rockets, caused what is
described as the ‘SpaceX Effect’ (Reddy, 2018). What used to be perceived as
impossible became almost a standard, with international companies practicing the
reuse of spaceship parts. Similarly, we have reasons to foresee such turn of events
in the construction industry, which is simpler than space travel, but because the
economic scale can cause even higher disruption. In fact, reuse of building compo-
nents is nothing new and was practised for centuries (Fivet & Briitting, 2020). It
used to be common for Norway to construct buildings with logs and stones that
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previously served as parts of other buildings. Prefabrication, modularity, reversible
connections, and standardisation of elements are among the factors that enable the
reuse of structural components (ISO, 2020) that are often already applied irrespec-
tive of future reuse.

Despite vast scientific literature on circular economy, there is little visible con-
version to viable businesses, and over 97% of materials consumed in Norway are
not cycled back to the economy (de Wit et al., 2020). This conceptual paper aims to
reflect on the viability of prefabricated building elements designed for disassembly
and reusability. Since the highest embodied carbon is attributed to a building’s
structure (Wiik et al., 2018), the paper focuses on structural elements. We explore
the hypothesis that such components are an unexploited niche with profit potential,
which we investigate with help of Blue Ocean Strategy tools from Kim and
Mauborgne (2015). The paper intends to contribute with business advice for new or
existing enterprises by blending economics and construction engineering domains.
This paper is not offering a business model, understood as the blueprint for generat-
ing profit off a product or service, strategic choices, or value creation (Jensen, 2013).
Instead, it is about the business case to explain why the investment is worth doing.

8.2 Methodology

This is a conceptual paper with theory adaptation (Jaakkola, 2020). Our data is com-
ing from existing literature, documented case studies, national statistics, as well as
qualitative interviews with convenient sample of 12 industry representatives. The
structure of the paper starts with an explanation of the theoretical framework, fol-
lowed by the analysis of aspects influencing the business case of component reuse:
feasibility, sustainability, and economic consideration. Based on the analysis, we
formulate the Blue Ocean Strategy proposal. The complete picture is put together in
a discussion and concluding part. Due to the limitations of a conference paper, this
study will be derived from existing numerical cost estimates and conceptual logic
rather than quantifying each element of the business case.

8.3 Theoretical Framework

8.3.1 Business Case

The key function of a business case (BC), according to OGC (2009b), is to justify
the effort to be invested in the project. According to Gambles (2009) it is ‘a recom-
mendation to decision makers to take a particular course of action for the organisa-
tion, supported by an analysis of its benefits, costs and risks compared the realistic
alternatives, with an explanation of how it can best be implemented’. The BC
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defines why the work needs to be done and provides a crucial baseline for the proj-
ect (OGC, 2009a). It is typically prepared at an early stage, where information is
scarce, of low precision and with high levels of uncertainty.

The process of developing a BC includes understanding the needs and priorities
of stakeholders, collecting relevant, correct, and updated data, modelling and pro-
cessing those data, analysing the contents, quality and consequences of the data,
facilitating workshops when needed, project planning, and finally preparing the
information for decision-makers. Benefits and other consequences should be
expressed as tangible as possible. Respecting that some effects are controversial or
not possible to specify and quantify, the BC will be much more useful and likely to
lead to the right decision and action if it is explicitly clear about consequences and
quantifies effects.

Considering whether to invest or not, the first question is if the benefits outweigh
the cost. Only if the benefits are more significant than the cost would a rational actor
choose to invest. Investors normally define profit margins for estimates to meet.
However, the decision is not as simple as it looks, given that different aspects of
benefit weigh differently for different stakeholders. Benefits are open for interpreta-
tion by the decision-makers. The next question is if this course of action is better
than the realistic alternatives. Investment funds are limited, so any rational actor
needs to consider the best investment at hand. The most fundamental test is whether
the investment is better than not investing. The reference alternative or ‘zero-
alternative’ needs to be tested, as this decides whether an investment should be
made or not. Then there are other investment alternatives. There is no need for a BC
if there is really no alternative. Gambles (2009) points out that authors of BC often
pretend there are no alternatives, but this usually is not the case. In the Norwegian
public sector, the requirement is presenting minimum two real investment alterna-
tives in addition to the reference alternative (Norwegian Ministry of Finance, 2019).
This is intended to make the project proponents consider the whole space of
opportunities.

The time perspective is another question. Ideally, one would look at all conse-
quences following the investment — for all times. Practically, however, it is usual to
define a limited timeframe. The BC needs to consider the short- and long-term per-
spectives. The limited knowledge of consequences far into the future and the fact
that it is hardly possible to connect those future effects to the specific project are two
reasons. Other reasons include the technical lifetime of physical assets and the
requirement for nondiscrimination of alternatives. Another aspect of a long time-
frame is the effect of discounting. Calculations of net present value reduce future
effects by interest effect and make the real long-term effects disappear from the
basis for decision-making. As demonstrated by the Norwegian Ministry of Finance
(2014), one practical way to handle this is to define a standard timeframe to be used
in a comparison of alternatives and an interest rate that diminishes with a longer
time horizon to reduce the effect of calculating away future consequences. However,
these solutions are not ideal, and discussions about how to make sustainable deci-
sions are still ongoing.
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8.3.2 Blue Ocean Strategy

Since we are conceptualizing an unexploited market opportunity, we apply an ana-
Iytical framework called Blue Ocean Strategy, developed by Kim and Mauborgne
(2015). Blue Ocean Strategy is the desired situation with no direct competition, as
opposed to a metaphorical red ocean full of competitive predators. The red ocean is
characterised by high saturation of similar profile enterprises, already significantly
optimised, and focused on benefit-cost trade-offs. In red oceans, businesses tend to
focus on competition rather than a customer. It is usually the known market space,
while blue oceans represent the undiscovered market. Blue Ocean Strategy is not
focused on outperforming competitors in what they are good at but offering a quan-
tum leap — value that is not addressed at the known market. It is not about achieving
a state of monopoly but rather staying ahead of the market.

The key tool we apply from the work of Kim and Mauborgne (2015) is ‘the strat-
egy canvas’ — a chart with aspects that a product competes in presented on a hori-
zontal axis. The vertical axis represents the offering level that a client receives. The
higher the score, the more company offers to clients with their product. The strategy
canvas is about showing the relative performance in various fields of competition.
To develop the chart, we implement the ‘Four Actions Framework’, where each
action requires answering the related question: (1) eliminate (which of the aspects
taken for granted in the industry need to be eliminated?), (2) reduce (which of the
aspects should be reduced below the existing industry standard?), (3) create (what
are the aspects that need to be created hitherto never offered by the industry?), and
(4) raise (which of the aspects should be elevated above the current industry
standard?).

8.4 Analysis

8.4.1 Feasibility of Building Product Reuse

The first question of feasibility is if the structural building products, such as col-
umns, beams, walls, and floors, allow being taken apart and constructed into a new
building. Fivet and Briitting (2020) provide examples of structures successfully
built with steel and timber reclaimed components. Two interview respondents men-
tioned that it is easier to refurbish or reuse buildings made over half a century ago
than those more modern ones. “We all agree that [buildings from before 70s] are
easier to adapt than ones from the 80s and 90s; they are over-designed. You can put
a building on top, or a roof garden. (...) Even today, we’re designing buildings that
just meet requirements, because that’s more economical.” Another interviewee adds:
“They should not be old enough to tear down, but those are the ones we really want
to tear down because they are hard to get quality in refurbishment, but when you
have old buildings it is easier actually’. Lindheim (2021) in her study on buildings
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as ‘material banks’ concluded that some building owners already design for reus-
ability, especially where there is frequent inventory replacement and need for flex-
ibility so that reuse pays off quickly.

The complexity of such reuse depends on the individual product. Ceramic
bricks are quite easily retrievable from walls, but that is not the case for modern
porous ceramic blocks, which crush on separation. As we hear from the inter-
views, timber products — lumber, CLT, glulam — are usually screwed together, but
whether they can be unscrewed depends on screw type and length. Both timber
and steel products can be cut out and reused as shorter elements. If bolted connec-
tions are applied, elements can be reused without processing. Concrete is harder
to reuse since most of the applications use monolithic connections. Reinforced
concrete can be cut, but not without loss of reinforcement continuity and cover.
Rather exceptional is the use of prefabricated concrete with bolted connections,
easily accessible but covered with removable lime mortar (Paananen & Suur-
Askola, 2018). Nonpermanent connections are more expensive but easier and
faster to perform on-site. The case study of ‘KA13” project confirms that reuse of
building products is feasible and shows the practical side of reclamation
(FutureBuilt et al., 2021). The building’s foundations, usually made of concrete
and bound to the ground, are the hardest to prefabricate and connect reversibly.
The solution for reusing foundations could be to make them reusable where they
already are in situ. To enable their reuse, designers should provide connection
points and specify the allowance for future loads.

ISO 20887 (ISO, 2020) provides guidance on design for disassembly (DfD) and
adaptability, showing how to increase reuse suitability. Among recommendations
are standardisations of elements, exposing joints for easier access, preparation of a
disassembly plan, and digitalisation of all relevant information for future users.
Other standards, such as the recent Hollow Core Slabs for Reuse (NS 3682, 2022),
go even further and provide detailed procedures for processing, assessment, and
documentation of used products.

Another aspect is the lifespan of such products. In Europe, most buildings are
designed for 50 years, according to the Eurocodes. However, there is a mismatch
between the designed lifespan and the actual. In Denmark, residential lifespan is
on average 120 years (Aagaard et al., as cited in Marsh, 2017), while in the United
States, it is closer to 60 years (Aktas & Bilec, 2012), and in China and Japan, the
average is even less than three decades (Wang et al., 2018; Wuyts et al., 2019).
Statistical data for Norway show that buildings, on average, have a lifespan of
three to six decades (Todsen, 2014). Wilkinson et al. (2014) describe three types
of building lifespans: (1) the technical, driven by safety, dependent on the physi-
cal condition, that can be prolonged by maintenance; (2) functional, which ends
when the building limits the use and is no longer fit for demand; and (3) eco-
nomic, as long as buildings generate more income than costs. Rarely structural
material degradation is the first reason for a building’s unusability. The oldest
wooden church in Norway, Urnes stavkirk, which dates back to the twelfth cen-
tury (UNESCO, n.d.), proves that materials can serve us much longer than we
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usually designed them for. When an economic or functional lifespan ends while
the technical conditions are still good, it causes a mismatch, leading to the waste
of valuable materials. As temporary structures prove, with appropriate design,
technical lifespan can be separated from the other lifespans, preventing the waste
of quality materials.

Although technically possible, there are many barriers to reuse. According to
research done by Lindheim (2021), key barriers are (1) compliance with rigid rules
and regulations, (2) lack of financial incentives in the market, (3) lack of a system
for reuse of building materials and components to make the outcome predictable for
everyone involved, and (4) knowledge gaps.

8.4.2 Environmental Sustainability

Second is the environmental impact on the natural environment by energy
consumption, greenhouse gas emissions, deforestation, pollution, land occu-
pation, etc. Reusable components are not neutral to the environment; they still
affect it negatively, but they prevent waste production, and it can be argued
that also the production of a new component that would double the environ-
mental impact.

The benefits of reuse should be reflected in the Life-Cycle Assessment (LCA) —
the process of measuring a building’s environmental performance. How to account
for the benefits of reuse in the LCA is not straightforward. In some studies, reuse
and recycling are incorporated at phase D of the LCA, called ‘benefits and loads
beyond the system boundary’. Robert Crawford (2011) writes that the initial use of
such elements should not be credited because no guarantee can be made that they
will actually be reused. His approach is more realistic than the first one but also
means that an element that will be used twice (or more) will have multiple times
higher LCA values on first use than on the following ones. On the other hand, peo-
ple might take advantage of this assumption and sell components that were in use
for a short time as low embodied carbon products, arguing that product production
stages (A1-A3 of LCA) were already addressed in the first use cycle. The difference
is significant since the product stage is responsible for most of the GHG emissions
of building materials — for prefabricated steel and concrete even exceeds 95%
(Norwegian EPD Foundation, 2021).

The case study project ‘KA 13’ compares GHG emissions of used products with
newly produced and achieves 97% reduction for steel, 89% for hollow core slabs,
and 92% for windows (FutureBuilt et al., 2021, after Walter & Hgydahl, 2020). In
research by Briitting et al. (2020), more conservative assumptions are taken, with
more energy demanding disassembly and post-processing, and reuse is compared to
new steel of much lower embodied carbon. Still, the result shows reduction of over
half of GHG emissions when elements are reused.
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8.4.3 Economic Consideration

The report by 3XN, supported by the Danish Environmental Agency, shows a case
study of a representative office building in Denmark with a new built value of DKK
860 million (Sommer et al., 2016). The study compares traditional demolition with
the circular approach. The added costs of investing in reversible elements compliant
with CE model are estimated to be only 0.35% of the total value of the building. If
such a building needed to be demolished, it would cost additional DKK 16 million
(1.9%), but if the disassembly was possible, DKK 35 million (—4.1%) could be
claimed from the resale of the superstructure components, 8% on entire buildings,
and even 16% in 50 years considering projected material prices.

Previously mentioned ‘KA13’ study which achieved significant GHG reduction
shows that while reuse of some products is cheaper (e.g. windows ~60% cheaper),
steel building products are 49% more expensive than buying new material
(FutureBuilt et al., 2021, after Walter & Hgydahl, 2020). Several interviewees
blame this on low price of virgin materials: ‘It’s much too cheap to tear down the
building, and we’re not paying enough for landfill’ — says one of them — ‘I can’t
understand how virgin steel from China can outcompete steal from local steel pro-
viders in Norway, made with renewable energy and fully from recycled steel’.

In a short-time perspective, the proposed products are more expensive than alter-
natives. However, when the total cost of ownership is considered, adaptable compo-
nents gain an advantage because apart from the product price, this measure
incorporates the product’s quality, delivery (including assembly), and maintenance
costs. For a higher price, they provide better quality, durability, and reduce uncer-
tainty by allowing for inexpensive building adjustments.

The cost ratio between reuse and new is also foreseen to drop with improved
circular processes, especially access to information, establishment of circular mar-
ket, and experience. The trends on Fig. 8.1 show that in case of Norway, each year
more and more demolition waste is being produced. With raising raw material prices
due to their scarcity (sand, cement, iron ore, asphalt) and emission trading systems,
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Fig. 8.1 Relative mass demolition for Norway. (Source: SSB, 2021)
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as well as raising prices for waste disposal, reuse of building components is expected
to become cheaper alternative in near future.

The business case of adaptable building components is built on reduced embod-
ied carbon emissions. Having optimised building stock with extended material
flows before they are discarded have a less destructive impact on the environment.
From a solely economical perspective, this brings value in attracting more clients
who are willing to pay an additional price for more sustainable buildings.
Certification systems like BREEAM and DGNB also assign points for reuse prac-
tices, which are translated to higher real estate value. Larry Fink, Chief Executive
Officer at BlackRock company managing the largest assets globally, writes in his
annual letter ‘“We focus on sustainability not because we’re environmentalists, but
because we are capitalists and fiduciaries to our clients. (...) Every company and
every industry will be transformed by the transition to a net zero world. The ques-
tion is, will you lead, or will you be led?’ (Fink, 2022).

In economics, the term ‘Betongold’ describes the supposed security of real estate
(‘concrete’) from falling in value, especially in times of crisis. Real estate value is
usually linked to the usable floor area and the building’s location. While traditional
building components are single-use, adaptable components preserve value indepen-
dently of the building’s lifetime and location. For that reason, they can be consid-
ered separate financial instruments that gain value with the rise of the circular
economy market and provide secure material stock, independent of uncertain raw
material prices. Some even conceptualise the idea of ‘Building Components as a
Service’ (Wainwright, 2020), where elements are rented in a take-back system, and
the manufacturer or retailer remains the sole owner.

Another economic aspect of adaptable building components is that financial
institutions are willing to offer better conditions to sustainable investments, which
is already a case for refurbishments loans or mortgages on timber buildings. This
use of economic incentives to drive sustainable investments will be even stronger in
the future. In June 2020, the EU commission published the EU taxonomy (European
Commission, 2019), a classification system for investments. The purpose is to move
capital to sustainable investments, which is expected to have considerable effect on
the building and construction industry. According to the ‘Circular Economy —
Principles for Building Design’ (EU, 2020), enhancing durability will decrease the
financial risk and suggest that finance/insurance companies could specify in require-
ments standards for due diligence when assessing the circularity of the project.
Authors also advice looking at investments from the life-cycle costing (LCC) per-
spective to grasp the increased revenue streams and capitalise future risks of diffi-
culty to deconstruct buildings and cost of waste management.

The ‘triple bottom line’ has, for decades, defined sustainability. The first, eco-
nomic, and, second, environmental, have already been described. The third bottom
line is the social impact. Adaptable components address that aspect by opening a
new market for disassembly, diagnostics, storage, transportation, and assembly, pro-
viding job and development opportunities. Among other social benefits is better
adaptation to temporary needs, leading to less obsolete buildings, better land utilisa-
tion, and easier recovery after destruction due to natural or anthropocentric causes.
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As urbanisation progresses, so does increase the need for change in our physical
built environment. Example of shopping malls becoming obsolete after customers
switch to online shopping shows how building stock does not reflect changes in
people’s lifestyles fast enough. Adaptable building components are a means to
improve a building’s flexibility. Another example is building according to the actual
demand, not predictions. Instead of building a school with a constant capacity for
decades, the space could be extended or reduced according to the actual demo-
graphics. Considering social benefits, second-hand components should be cheaper
than brand new, making it more affordable for young and low-earning social group.
Ability to modify the building for a reasonable price would allow customers to build
houses they can afford without much mortgage and extend it later. It would also
work in the other direction; they could reduce the size of property if no longer
needed by selling its parts. Altogether it provides better conditions for the future
generations.

Sustainability (the triple bottom line) also needs to be supported by a fourth leg —
governance — the structures and rules by which society and organisations uphold
and develop its existence. Governance includes developing strategies, making deci-
sions, and managing resources on a society or organisational level. The business
case is a part of the governance theme and must be informed by all aspects of the
triple bottom line. This is the only way strategic decisions on investments can lead
to sustainable outcomes in the short, medium, and long range.

8.4.4 Blue Ocean Strategy for Reusable Building Products

The first question from the ‘Four Actions Framework’ asks what could be elimi-
nated from the existing, competitive market. In the case of adaptive buildings,
highly optimised, tailored components limit flexibility, so design optimation is not
desirable. Instead, universal design and standardisation are recommended by indus-
try experts and standards (ISO, 2020). Spending less time at this step of design
reduces engineering costs. Standardisation also helps to automate the manufactur-
ing and storage of products. Reusability prevents waste generation, so waste-related
costs and issues are eliminated. The strategy canvas presenting the described aspects
is shown in Fig. 8.2, on the example of three reinforced concrete products: (1)
monolithic, (2) prefabricated, and (3) designed for disassembly.

The second action from the framework is to reduce factors predominant in the
industry which are not much needed. One of them is the required amount of skilled
in situ workforce. In countries such as Norway, labour costs drive the prices of con-
struction. DfD elements with simple, reversible connections can be assembled by a
small group of visiting workers and lifting equipment. Tasks requiring specialists,
such as fixing reinforcement, formwork, welding, and carpentry, are all done at the
prefabrication plant. The product’s initial price and carbon footprint might be higher
than non-DfD products, thus having a lower offering level. The initial uncompeti-
tiveness in market price comes in exchange for long-term investment in much lower
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Fig. 8.2 Strategy canvas implementation for structural building elements for reuse — reinforced
concrete case. (Source: own graphic)

whole-life carbon footprint products with high reuse value, not susceptible to raw
material price and availability.

Another aspect, already mentioned in previous chapters, is the designed lifespan
of 50-60 years. This assumption does not match the material’s capacity and thus
could be favourably restated into shorter predictions of individual use cycles and
much longer product lifespan. The already mentioned separation of the technical
lifespan of an element from the functional and economic lifespan of a building is
necessary to achieve it.

Finally, there are questions that help create entirely new demands and make stra-
tegic price shifts: what factors should be elevated or created that are not addressed
by existing business models? The adaptable components rely on the quality of
reversible connections. Making all designs reversible makes the distinction between
temporary and permanent obsolete. Other needs are designing for disassembly,
developing proper end-of-life scenario plans, and establishing the reuse market.
Remaining factors have already been covered while analysing the sustainability
considerations.

8.5 Discussion

The first consideration should always be if the building needs to be deconstructed.
As long as there are plenty of underperforming or even obsolete buildings not wor-
thy of refurbishment, the reuse is next best solution. Reuse only extends the lifespan
of objects, not neutralising their influence on the environment. At some point, adapt-
able components will also need to be discarded. That is not the ultimate solution to
the environmental threat of construction, but as long as we rely on nonregenerative



116 A. Tomczak and O. J. Klakegg

materials, it is a sustainable step towards it. If possible, the ideally circular, regen-
erative approach should be pursued (also called ‘cradle-to-cradle’), in which non-
harmful materials flow in closed loops with minimum loss.

Generalisations of design cause individual elements to be not fully optimised.
This stems from the fact that universal elements need higher capacity by applying
higher safety and uncertainty factors. Oversized elements have higher volume, thus
embodied emissions, which is the opposite of intended results. Similarly to the pre-
sented economic aspects, the analysed case requires an upfront investment of
resources and greenhouse gas emissions now to be able to save more resources and
emissions later.

The business case of adaptable building components is not only built on the
premise of subsequent uses of the products but also shows immediate benefits such
as a fast assembly process. At the moment, the reuse of structural building compo-
nents takes place mainly on pilot projects and requires additional investment com-
pared to alternatives. High uncertainty about products history, lack of experience,
and established procedures all raise the costs.

The presented business case could be more favourable if encouraged by regula-
tions and subsidies for reusable components (Lindheim, 2021). This is already
beginning to take place with regulation of prices of materials causing high emis-
sions, such as cement, for example, in the European Emission Trading System. The
EU Taxonomy mentioned above is another example of strong incentives that will
force investors in a more sustainable direction. However, it does not necessarily
make them go for DfD components. Sustainably produced timber also performs
well with regard to GHG emissions.

Key barrier to enabling the reuse workflow is to close the circularity loop, but
since the market with used products is not established, the demand for such prod-
ucts is low. Even if the stock of reclaimed products would be available, it requires a
functioning information system where designers could search for suitable products.

8.6 Conclusions

The paper presents how reusable building components can be a viable business
case. Usually, the value of structural components is wasted when the building ends
its life, or only a part of the value is recovered by downcycling. The basis of this
business case is to separate the technical lifespan of a component from the func-
tional and economic lifespan of a building, by applying existing industry practices
like prefabrication and design for disassembly. This way, one can harness the full
value of elements.

The price of adaptable components is higher than of other products on the mar-
ket, but there are immediate benefits that discount for it. One of them is the speed of
construction with bolted connections. Another advantage is the relatively lower val-
ues of GHG emissions considering whole life cycle of a component. This translates
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to more sustainable profile of such products, which can be documented with sus-
tainability certificates, that leads to more sustainable investments.

Full return on investment is realised at moment of building teardown or partial
reconstruction: firstly, because the disassembly is cheaper than demolition of mono-
lithic structures, and, secondly, because the salvaged elements are of much higher
value if they are ready to be reused without much post-processing. Their value could
even exceed that of virgin products, as their environmental analysis no longer
includes the production phase.

This paper also displays the indirect benefits of the proposed model, such as
increased value of buildings designed for disassembly due to its adaptability. Such
structures can be extended, reduced, or modified to fit the given demand, preventing
inefficiency. They could also be built temporarily and displaced after in places that
would not be profitable otherwise.

The research reported here is only conceptual at this stage. The potential for
reusable building components is illustrated, and the necessary conditions to make it
possible are identified. In addition, barriers and real-life problems that need to be
overcome are described. More thorough analysis is needed to be able to specify a
business case that holds as a basis for decisions to choose this path.

The work primarily addresses the 12th Sustainable Development Goal about
responsible consumption and production. It shows a path forward for the industry
that contributes about 11% of global emissions to the atmosphere just from the use
of materials (IEA & UNEP, 2018). This is not the ultimate solution to environmental
threat of construction, but as long as humanity relies on virgin resources, it is a sus-
tainable step towards it. Presented approach to building design could be encouraged
by regulations and subsidies favouring reusable components. The paper also touches
Sustainable Development Goals 8, 9, and 11, by opening a circular economy market
with reusable components and makes our built environment more resilient. The sci-
entific contribution of the paper comes from spanning the often-siloed fields of con-
struction and economics, with the help of tools previously not applied in this context.

The blue ocean approach confirms that there is a business case for DfD building
components, in particular for those making the first move.
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Chapter 9
Ecosystems and Reuse of Building
Materials: An Exploratory Study

Francesca Vergani, Rikard Sundling, and Carlos Martinez

Absract The implementation of circular economy strategies, such as the reuse of
building materials, represents a valid opportunity for the building and construction
sector to diminish the consumption of raw materials and generate revenues and,
thus, to contribute to the Sustainable Development Goals 11 and 12. However, the
reuse of building materials is still limited. Previous studies suggest that one reason
is the lack of communication and collaboration among the actors involved. By using
an ecosystem perspective, this study focuses on the characteristics of the ecosystem
of actors involved with reuse of building materials. An exploratory research
approach was used, which consisted of scientific literature and six semi-structured
interviews with actors in the Oresund region. The interviews were conducted to
elaborate on the characteristics that best represent this ecosystem. The results sug-
gest that these characteristics are (a) complementariness and collaboration, (b)
capability to evolve, (c) willingness to align to circularity, and (d) platformization.
In particular, these characteristics highlight the needs of (1) collaboration among
the actors already in the early stages of a project, (2) more actors and new roles in
the ecosystem, (3) awareness of the objectives and values which guides the ecosys-
tem, and (4) better knowledge and use of the ecosystem platforms.
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9.1 Introduction

The building and construction sector is currently responsible for the consumption of
35% of total energy use and 35-45% of raw materials and generates up to 38% of
global carbon dioxide and circa 36-40% of landfill waste (UNEP, 2020). Previous
studies show how the circular economy (CE) represents a valid opportunity for both
diminishing the use of raw materials and creating economic revenue (Gerhardsson
et al., 2020; Munaro et al., 2021; NuBholz et al., 2020; Pomponi & Moncaster,
2017; Sezer & Bosch-Sijtsema, 2020; Whicher et al., 2018). However, the imple-
mentation of CE strategies, such as the reuse of building materials, is still limited.
The reuse of building materials is a key part of the circular economy in the building
and construction sector since reuse is necessary for reducing the use of virgin mate-
rials in new developments. The slow progress of the reuse of building materials, as
a strategy to achieve circularity in construction, can be attributable to several rea-
sons such as the following:

e The lack of commitment from the authorities that leads to a lack of policies,
regulations, and institutional procurement that favor the diffusion of CE (Hart
et al., 2019; Knoth et al., 2022)

e The practical barriers inherent in the implementation of circular practices such as
the lack of knowledge, technologies, and appropriate business models that would
support the transition of organizations (Gerhardsson et al., 2020; Hart et al.,
2019; Kanters, 2020; Knoth et al., 2022)

e The inclination of the actors in the building and construction sector to follow the
dynamics and processes of the traditional linear method of production (Knoth
et al., 2022; Kooter et al., 2021)

The last reason is the focus of this study. The reuse of building materials rede-
fines relationships and establishes new ways of working; thus, it challenges the
existing knowledge and roles of the actors. Furthermore, the involvement of new
actors is often required to fill the missing knowledge and skills. This is an additional
element that challenges the relationships and dynamics established within the tradi-
tional linear process. The literature suggests that for the successful implementation
of reuse of building materials, a further development of interactions and collabora-
tions is required (Hart et al., 2019; Kooter et al., 2021). With the help of an ecosys-
tem perspective, this study investigates the collaborations and interactions that arise
with the reuse of building materials in the building and construction sector.

In the literature, the concept of ecosystem is usually used as a lens to examine the
relationship between different, mutually dependent actors who coevolve to respond
to a shared purpose to obtain a competitive advantage (Aksenova et al., 2019;
Bosch-Sijtsema & Bosch, 2015; Moore, 1993; Vargo & Lusch, 2014). The concept
of ecosystem has also been applied to the building and construction sector (Pulkka
et al., 2016); however, there are still few studies that connect this concept to circular
strategies, and none of them is focusing on the reuse of building materials. Moreover,
the characteristics with which ecosystems are usually described do not seem to be



9 Ecosystems and Reuse of Building Materials: An Exploratory Study 123

sufficient to explain the interactions between the different actors involved with the
reuse of building materials.

The aim of this paper is therefore to fill this gap and elaborate on the character-
istics of the ecosystem of the reuse of building materials. With the support from
both scientific literature and an exploratory interview study, the goal is to argue for
the relevance of these characteristics. The interview study consisted of six inter-
views, with actors in the field of reuse of building materials, all active in the Oresund
region (Sweden and Denmark). To promote the transition to the reuse of building
materials in the building and construction sector, this study targets, namely, the
Sustainable Development Goal (SDG) 11 which seeks to create sustainable cities
and communities that are inclusive, safe, and resilient and SDG 12 that promotes
sustainable consumption and production.

The rest of this paper is structured as follows. In the next section, the method for
the exploratory interviews and the analysis are explained. In the theoretical frame-
work section, the concepts and characteristics of ecosystems and the applicability of
ecosystem concepts in construction, as well as literature on circular economy and
reuse of building materials, are presented. In the results and discussion section, the
data obtained from the interviews are combined with the literature to elaborate on
four characteristics of the ecosystem of the reuse of building materials, which were
identified. In the conclusion section, the key findings from the study are highlighted,
and future research is proposed.

9.2 Method

This study was based on abductive research where the researchers attempted to
explore the importance of the ecosystems concept in relation to the reuse of building
materials in the building and construction sector. The study relied on scientific lit-
erature on the topics of ecosystems and reuse of building materials, as well as data
gathering in the form of interviews.

The first step was to search for literature regarding the concepts and characteris-
tics of ecosystems and the applicability of ecosystem concepts in construction, as
well as literature on the CE and reuse of building materials. Both the field of reuse
of building materials and the literature on the application of ecosystems in the build-
ing and construction sector have lately been gaining traction in academia.
Nevertheless, the practical application of the reuse in the building and construction
sector is still in its infancy and the literature on the use of ecosystem in relation to
the implementation of CE strategies is scarce. Therefore, this study examined how
the characteristics of ecosystems can be applied to the reuse of building materials.

The second step was to gather data from actors involved with the reuse of build-
ing materials. Semi-structured interviews were chosen as the data collecting method
since interviews offer a flexible approach where the interviewer gathers experiences
and knowledge from the interviewee. As suggested by Alvesson (2011), this was a
flexible approach since the interview questions changed and were adapted to the
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specific interviewee in order to extract more data. On the other hand, interviews
were also flexible in the sense that the researchers had to interpret the data from the
interviews, meaning that other researchers might draw other conclusions from the
same data.

A relevant aspect to define is the ecosystem boundaries since they depend on the
goal of the study (Brochner, 2016). For this study, the circular ecosystem is assumed
to have regional boundaries. In particular, we looked at the Oresund region and the
actors involved, who were both Danish and Swedish. In this study, six actors were
interviewed: two suppliers of reused materials, two developers, and two consul-
tants; see Table 9.1. The suppliers acquire their reused materials mainly from two
sources: unused materials from contractors and materials which need upcycling
from demolition firms. Both developers identified significant cultural value in the
local building materials and wanted to embrace reuse throughout their projects. In
both cases, these projects are their first with a focus on reuse. The consultants have
been active in the reuse of building materials for several years and thus have signifi-
cant experience in the field. All the interviewees were reached by an email which
provided information about the study. Since the collection of data was carried out
during the COVID-19 pandemic, almost all the interviews were conducted online
and, with the consensus of the interviewees, were recorded and transcribed. The
language used for the interviews was Swedish, apart from the interview with the
Danish actor which was held in English. The interviewees were asked questions
about previous experiences with the reuse of material; the type, time, and manage-
ment of the collaborations and relationship with the actors involved in reuse; the
essential knowledge and skills needed in the reuse; the challenges the actors had to
overcome individually as an organization or as an ecosystem; and the main value of
working with the reuse of building materials.

The structure of the analysis was as follows. First, an initial framework of eco-
system characteristics based on the review of the literature was made. The design of
the interviews followed this initial framework. The transcribed interviews were then
assessed and categorized. Subsequently, the initial framework was then adapted to
suit the data from the interviews and literature on the topics of circular economy and
reuse of building materials. Finally, the adapted set of characteristics was used as
headings in the results and discussion section; under each heading, the categorized
data from the interviews are discussed together with relevant literature.

Table 9.1 The interviewees participating in the study

Interviewee (nr) | Type of organization Role Nationality
1 Private supplier of reused materials CEO Sweden

2 Municipal supplier of reused materials | Foreman Sweden

3 Private developer Project manager | Sweden

4 Municipal developer Project manager | Sweden

5 Sustainability consultant Consultant Denmark
6 Reuse consultant CEO Sweden
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9.3 Theoretical Framework

9.3.1 Circular Economy

Circular economy (CE) is described by Korhonen et al. (2018) as “a sustainable
development initiative with the objective of reducing the societal production-
consumption system’s linear material and energy throughput flows to the linear sys-
tem. CE promotes high value material cycles alongside more traditional recycling
and develops systems approaches to the cooperation of producers, consumers, and
other societal actors in sustainable development work.” In addition to highlighting
the role of the CE for the creation of economic value by exploiting cyclical and
regenerative materials flows, this definition also emphasizes that CE should be a
process that favors sustainability in all its forms and that requires the contribution of
all the actors involved. CE is a broad concept that includes sublevels of definition
and strategies such as recycling, reuse, remanufacturing, refurbishment, repair, cas-
cade, and upgrade of products, components, and materials (Mhatre et al., 2021). The
building and construction sector contributes with 12% of the global GDP
(Crosthwaite, 2000) and plays an important role in the transition from the linear to
the circular economy. In order to move toward CE strategies and minimize the pro-
duction of waste while reducing costs, it is however necessary to reconsider current
construction practices, change and improve methods and organizational resources,
and allow the reuse of building components and materials (Bertino et al., 2021;
Konietzko et al., 2020; Pomponi & Moncaster, 2017). Furthermore, to produce
buildings that are circular for their entire life cycle, it is necessary to implement
circular strategies and practices in all phases of the building process (Gerhardsson
et al., 2020; Mhatre et al., 2021; Pomponi & Moncaster, 2017), thus involving all
the relevant actors in this transformation (Konietzko et al., 2020; Pomponi &
Moncaster, 2017). The ability to accept and embrace these organizational and role
changes is necessary for the transition to circular economy in the building and con-
struction sector.

Currently, the implementation of circular practices in the building and construc-
tion sector is still limited due to both a conservative mindset and the intrinsic char-
acteristics of the sector (Munaro et al., 2021; Pomponi & Moncaster, 2017; Hart
etal., 2019; Knoth et al., 2022) and to the several practical barriers that are intercon-
nected with circularity (Gerhardsson et al., 2020; Kanters, 2020; Hart et al., 2019;
Knoth et al., 2022). Furthermore, the implementation of circular processes in con-
struction involves both radical and incremental innovations throughout the entire
life cycle of a building, and for the effective success of this transition, it is essential
that these innovations are also supported by further innovations in policies, business
models, procurement, and the interrelation of actors (Whicher et al., 2018).
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9.3.2 Reuse of Building Materials

The entire life cycle of a building can be summarized in three stages: the pre-use
stage (i.e., initiation and preparation, design, and construction), the use and opera-
tion of the building, and the stage following the use, usually called end of life
(Ghisellini et al., 2018). Mhatre et al. (2021) argue that the circularity of a project
depends on the sourcing of building materials. The selective demolition and decon-
struction of a building at its end of life contribute to reintroduce building materials
in the loop (Ghisellini et al., 2018), and thus, the reuse of building materials can be
considered as the key for a successful transition to a more developed CE in the
building and construction sector. The European Commission Waste Framework
Directive (EU, 2008) presents a five-step hierarchy where reuse is the second-best
option in terms of waste prevention. Reuse is typically defined as the use of products
in their original form or subject to minimal recovery activities (Ghisellini et al.,
2018). Although the reuse of building materials is of critical importance, there are
many barriers hindering its implementation on a significant scale. The first barrier is
that less than 1% of the current building stock is fully deconstructable (Ghisellini
et al., 2018), and thus, there is a need not only to produce new building with reused
materials but also to design with the deconstruction in mind.

A recent study conducted in Sweden (Gerhardsson et al., 2020) shows how the
reuse of materials in the Swedish construction sector is mainly prevented by the
lack of knowledge of all the processes and practices to be implemented and inte-
grated. Starting from the analysis of projects already carried out, Gerhardsson et al.
(2020) propose a series of work practices that favor the reuse of building materials:
a materials inventory, targets for reuse, circular building design, planning for new
processes resulting from reuse, incentives for reuse in procurement, and long-term
documentation strategies enabling future reuse. Moreover, Knoth et al. (2022) iden-
tified several barriers in their interview study and argued for three ways of address-
ing these barriers, namely, establishing reuse infrastructure and knowledge base,
getting manufacturers onboard, and enabling reuse through regulations and
increased reputation. Both the barriers identified and the practices proposed by
Gerhardsson et al. (2020) and Knoth et al. (2022) focus mainly on the pre-use stage
of a building revealing that the actors’ main efforts should converge during the ini-
tiation and preparation, design, production, and construction phases.

It is worth noting that for the implementation of any kind of innovation to create
value, all the actors involved must provide a solution to their innovation-related
struggles (Adner & Kapoor, 2010), in this case, to the problems related to the reuse
of building materials. Working with new practices and following new processes
goes, in fact, beyond the capabilities and knowledge of individual organizations and
requires effort from all actors involved (Adner & Kapoor, 2010; Vosman et al.,
2021). It is therefore essential to use a theoretical framework that helps to under-
stand both the complex interactions that are established in circular projects and the
attitudes that can favor the diffusion of the reuse of materials outside the boundaries
of a single project or organization.
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9.3.3 Ecosystem: Concepts and Characteristics

The concepts of ecosystem and circular economy (CE) were combined before the
ecosystem metaphor was introduced into strategic management research to explain
the escalation in cooperation and collaboration between interdependent (but also
competing) organizations (Aksenova et al., 2019; Bosch-Sijtsema & Bosch, 2015).
The interest of researchers in responding adequately to the growing awareness of
the environmental, social, and economic consequences that the current economic
paradigm was producing dates to the 1970s and 1980s (Pomponi & Moncaster,
2017). As a response to this need, Frosch and Gallopoulos (1989) proposed a new
industrial ecosystem that imitated the characteristics and dynamics of biological
ecosystems in order to transform the linear model of production and thus limit the
consumption of energy and raw materials. The authors hence suggested that the
effluents of industrial processes were used as raw materials for other processes,
thereby exploiting their intrinsic circularity. It is worth noting that the commitment
of both producers and consumers in changing their attitudes and behaviors was
highlighted by Frosch and Gallopoulos (1989) as an important aspect to implement
a paradigm shift and ensure the success of the new industrial ecosystem.

The involvement of actors, such as producers and consumers or other organiza-
tions, is further emphasized in the ecosystem concept developed by Moore in 1993
(Aksenova et al., 2019; Bosch-Sijtsema & Bosch, 2015; Moore, 1993; Pulkka et al.,
2016). This ecosystem, however, no longer looks at industrial process as a metaphor
for the natural ecosystem, since the focus shifts on to the relationships between the
actors involved in the process (Moore, 1993). The characteristics of both ecosys-
tems as presented above envisage (a) a form of symbiosis between the elements of
the ecosystem, (b) the coevolution of the actors involved around an innovation, and
(c) and the ability to create collective value (Aksenova et al., 2019; Bosch-Sijtsema
& Bosch, 2015; Pulkka et al., 2016). Another aspect that is relevant for the success
of an ecosystem is the platform (Bosch-Sijtsema & Bosch, 2015; Moore, 1993). The
latter is considered as the shared tool used to sustain the ecosystem activities and
novelties (Bosch-Sijtsema & Bosch, 2015).

9.3.4 Applicability of Ecosystem Concepts in Construction

In the application of the ecosystem concept to the building and construction sector,
the studies are divided mainly between those who see similarities between the con-
struction and the service sector and therefore use the lens of the service ecosystem
(Brochner, 2016; Sezer & Bosch-Sijtsema, 2020) and those who look at the modali-
ties of innovation in construction and therefore shift the emphasis on to the innova-
tion ecosystem (Vosman et al., 2021; Yang et al., 2021; Whicher et al., 2018).
Moreover, the concept of business ecosystem is also used to understand the need for
network-based collaboration and shared logic to approach complex and risky proj-
ects (Toppinen et al., 2019).
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Sezer and Bosch-Sijtsema (2020) used the concept of service ecosystem to study
the barriers and tensions between the actors involved in construction and demolition
waste refurbishment projects in Sweden. Vosman et al. (2021) employed the con-
cept of innovation ecosystem as an approach to facilitate long-term collaborations
that favor the necessary level of innovation and change to meet the needs and chal-
lenges of contemporary society. A couple of studies have focused their analysis on
the relation between information and communication technologies (ICT) innova-
tion in construction and the ecosystem concept (Aksenova et al., 2019; Yang et al.,
2021). Moreover, Whicher et al. (2018) suggested how ecosystems theory could be
used to identify all actors affected by a circular economy action plan, such as the
one proposed and implemented for Scotland. The aim of identifying the affected
actors is to be able to involve and include all of them in the creation and implemen-
tation of circular economy action plans. Finally, Toppinen et al. (2019) scrutinized
the fitness of the business ecosystem concept in the context of multistory timber
buildings, paying particular attention to the creation of value and benefits for the
actors involved in the business. In all these studies, the four aforementioned charac-
teristics return, sometimes taking on slightly different aspects and sometimes com-
plementing themselves with further characteristics.

9.4 Results and Discussion

For this study, literature on the subject of ecosystems and the reuse of building
materials has been examined. Definitions of ecosystem concepts and their charac-
teristics were sought and categorized; see Table 9.2. Subsequently, an attempt was
made to apply each of the characteristics identified for the reuse of building materi-
als based on both the literature and the six interviews. This attempt showed that in
the case of actors involved with reuse of building materials, none of the previous
ecosystem definitions in the literature fully explain their interactions and struggles.
It was therefore decided to adapt the characteristics presented in previous studies
and to use four main characteristics in an attempt to cover all the aspects within an
ecosystem of actors working with the reuse of building materials. These four char-
acteristics are (a) complementariness and collaboration, (b) capability to evolve, (c)
willingness to align to circularity, and (d) platformization.

9.4.1 Complementariness and Collaboration

As stated by Pulkka et al. (2016), the construction sector is based on a high level of
compliance among organizations as each individual actor becomes less and less
capable of providing all the technical and process knowledge necessary to develop
and complete a given project. The need for collaboration among different actors is
arecurring aspect in the literature about the reuse of building materials (Gerhardsson
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Table 9.2 Identifying the characteristics of ecosystems

129

Type of
ecosystems | Definition Characteristics Literature
Ecosystem From an ecosystem perspective, a 1. Symbiosis Bosch-Sijtsema
(general company can be viewed “not as a 2. Coevolution and Bosch
description | member of a single industry but as part | 3. Platform (2015), Frosch
applied in of a business ecosystem that crosses a and Gallopoulos
different variety of industries and to coevolve (1989), and
fields) capabilities around a new innovation. Moore (1993)
Companies work cooperatively and
competitively to support new products,
satisfy customer needs, and eventually
incorporate the next round of
innovations” (Moore, 1993)
Business It is a set of core features which includes | 1. Network of Pulkka et al.
ecosystem nonlinear value creation, participants (2016) and
interdependency of participants, 2. Governance Toppinen et al.
substantial knowledge exchange, and system (2019)
nonmarket governance mechanisms, and | 3. Shared logic
coevolution of capabilities (Pulkka
et al., 2016). “The ecosystem is focused
on collective value creation as the
recognized area of institutional life”
(Pulkka et al., 2016)
Service Service ecosystems are defined as 1. Institutional Brochner (2016),
ecosystem “relatively self-contained self-adjusting | arrangements and | Sezer and
systems of resource-integrating actors mutual value Bosch-Sijtsema
connected by shared institutional logics | creation (2020), Trischler
and mutual value creation through 2. Ability to et al. (2020), and
service exchange” (Vargo & Lusch, self-adapt to Vargo and Lusch
2014) changes (2014)
Innovation The innovation ecosystem can be 1. Heterogeneity | Vosman et al.
ecosystem understood as “a multi-stakeholder of actors (2021) and
network around certain innovative value | 2. Strategic Whicher et al.
propositions” (Vosman et al., 2021) alignment of (2018)
actors
3. Alignment with
respect to the
value proposition
4. Nonformal
governance
Circular “A number of products, business model | Collaboration Konietzko et al.
innovation and ecosystem principles that when Experimentation | (2020)
ecosystem combined enable firms to take an Platformization

ecosystem perspective on the circular
economy and work towards higher
circularity” (Konietzko et al., 2020)
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etal., 2020; Kanters, 2020; Knoth et al., 2022). In fact, the complementarity between
actors is often insufficient to reach the right level of knowledge for CE implementa-
tion in building projects; additionally, it is necessary that the actors interact and
collaborate even in phases of the project in which they were not traditionally
involved (Gerhardsson et al., 2020; Knoth et al., 2022). It was stressed by the private
developer and the sustainability consultant that actors such as architects, consul-
tants, demolition and deconstruction firms, recycling companies, and contractors
need to collaborate and be more involved throughout the project stages, especially
in the earlier stages. Moreover, both the sustainability consultant and the municipal
developer emphasized the need to include more actors in the early strategic work “to
make them (the other actors) co-owners of the ambition and to understand what we
want to do” (Interviewee 5).

All the interviewees mentioned at least once that frustration is one of the most
recurrent moods among actors. In collaboration, a winning way to achieve circular-
ity is to manage the relationships through increasing communication, involvement,
and motivation of all the actors. This will also prevent frustration (Hart et al., 2019;
Knoth et al., 2022; Konietzko et al., 2020). The sustainability consultant explained
how collaborating with architects has enabled them to generate design ideas for
reusing building materials and thus create new knowledge that can be used in vari-
ous projects. The municipal developer describes its approach to the engagement and
motivation of other actors; it is one of recognizing the importance of stimulating
collaboration and making room for other actors’ new ideas. The aim is to ensure that
the knowledge of the contractors is integrated with that of the architects or with that
of the demolition contractor, for example. This type of collaborative attitude is con-
sidered as one of the facilitators for the creation of long-term relationships, which
in turn represent one of the conditions for the diffusion of innovation (Bosch-
Sijtsema & Bosch, 2015). Moreover, as suggested by Sezer and Bosch-Sijtsema
(2020), the actions of the actors within a network reflect, directly or indirectly, upon
all other actors. For example, according to the sustainability consultant, developing
close relationships with clients enables them to influence the sustainability objec-
tives of the project “and push the limits of their boundaries” (Interviewee 5). The
same kind of effect was described by the private developer when referring to how
the collaboration between the developer and the sustainability strategist helped to
achieve a reuse target of 80% for their project.

Moreover, it is worth noting that the interviewees highlighted the need to col-
laborate not only with complementary actors but also with competing organizations.
Collaboration between competing organizations is needed to be able to respond to
the market, to grow the market itself, to improve pricing of materials and services,
to improve procedures, and to develop certification (Gerhardsson et al., 2020; Knoth
et al., 2022). The need to collaborate is in line with previous literature based on
competitive engagement approaches (Bosch-Sijtsema & Bosch, 2015).
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9.4.2 Capability to Evolve

Previous studies show that one of the major barriers to the implementation of the
reuse of building materials in the Swedish building and construction sector is the
lack of knowledge and experience in reuse practices (Gerhardsson et al., 2020;
Kanters, 2020; Knoth et al., 2022). While Kanters (2020) focuses on the need for
architects to acquire both technical skills and greater flexibility, the interviews
reveal the necessity of bridging the knowledge gap and encourage the flexibility of
all the actors involved in the reuse of building materials. This flexibility is perceived
as the ability of the actors to redefine their roles and responsibilities. As explained
by some of the interviewees, actors who are new to reuse practices often remain
skeptical “just because they are not used to it” (Interviewee 4). The interviewees
stressed that, during the design phase, the architect and the client must cooperate
with contractors, consultants, demolition contractors, and suppliers for successfully
implementing the reuse of building materials. In this process, a new responsibility
is added to the role of architects; they are no longer just designers, but they also
become the organizers of a logistics process (Kanters, 2020). According to the sus-
tainability consultant, inflexible architects may perceive this new responsibility as a
threat not only to their creativity but to their profession.

The transition from a traditional building process to one focusing on the reuse of
building materials leads to the creation of new roles and the involvement of actors
from other sectors (Gerhardsson et al., 2020; Konietzko et al., 2020; Vosman et al.,
2021). The interviewees underline, for example, the lack of actors who can classify
and certify the reused materials. Some interviewees believe that public procurement
and legislation could push organizations to fill these new roles. Thus, the ability of
the actors to respond to the need of the ecosystem by evolving, transforming, and
filling new roles is one of the main characteristics of the ecosystem of actors
involved with reuse of building materials.

9.4.3 Willingness to Align with Circularity

Whether or not an actor belongs to a certain ecosystem is defined both by the ability
of each actor to evolve and coevolve but also by the willingness to align with certain
targets (Konietzko et al., 2020; Vosman et al., 2021) and according to certain
engagements or interdependencies (Bosch-Sijtsema & Bosch, 2015; Brochner,
2016; Konietzko et al., 2020; Vargo & Lusch, 2014). As highlighted by Brochner
(2016), ecosystems in construction are often dominated by contractors and by their
ability to select procedures that favor the collaboration between all the actors
involved in a project. Gerhardsson et al. (2020) add that the clients also play a rel-
evant role for the transition to the reuse of building materials because they can
include reuse as a requirement in the procurement process. All interviewees agreed
with this last statement; for example, the private developer suggested that the
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creation of a sustainability action plan can be used to facilitate the selection of the
other actors in a project. In their project, those actors who lacked the skills needed
or the willingness to strive for certain goals were removed, thereby reducing the
number of potential candidates. In this sense, the sustainability action plan can also
be considered as an institutional arrangement as described by Brochner (2016). In
line with what stated by Pulkka et al. (2016), all the interviewees emphasized that
mutual awareness and alignment with certain values encouraged relationships
between the different actors.

Moreover, framing joint strategies, such as the sustainability action plan pre-
sented by the private developer, can help the actors to understand that an efficient
reuse of building materials can only be reached if all the actors work together. For
this purpose, both the private developer and the sustainability consultants declared
that defining the objectives and goals of a project should be its very first step. On a
similar note, both consultants highlighted the importance of their roles in promoting
sustainability since they are often the initiators for the transition to the reuse of
building materials. These consultants do not only advise developers, municipalities,
and small companies; they also set sustainability strategies for specific projects. A
different situation was presented by the municipal developer. In its project, the reuse
of materials was first considered after the actor selection process had finished. In
this case, the trust between the actors (built on long-term collaboration), the positive
attitude to reuse, and the willingness to align with circular practices proved to be the
winning factors for the successful implementation of reused building materials.

An important aspect that hinders the willingness to align to circularity is the lack
of legislation and regulations related to the reuse of building materials (Gerhardsson
et al., 2020; Hart et al., 2019; Knoth et al., 2022). Sometimes, the current regula-
tions constitute an obstacle for the reuse of building materials (Knoth et al., 2022).
This was highlighted by almost all the interviewees, especially referring to risk
management and to the management of material transportation and ownership from
one project to another one.

9.4.4 Platformization

The creation of an online platform that guarantees collaboration, an efficient level
of communication between the actors, and the sharing of knowledge and informa-
tion is a fundamental aspect within the ecosystem (Bosch-Sijtsema & Bosch, 2015;
Gerhardsson et al., 2020; Knoth et al., 2022; Konietzko et al., 2020; Toppinen et al.,
2019). Both the literature and the interviewees suggest that the presence of a plat-
form is fundamental for the success of a circular project and for implementation of
the reuse of building materials. Even so, four out of six interviewees revealed a form
of skepticism or lack of knowledge toward the most common platform in Sweden
(CCBuild) in favor of platforms within the project or developed by individual actors.
In a couple of interviews, the role of a platform was reduced to that of a materials
inventory, which is only one aspect a platform can fulfill. The private developer said
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that their material inventory is an open-access platform which is able to share mate-
rials among other projects; however, they later revealed that they want to keep all
the materials within the project and will not sell anything. One of the suppliers
revealed a lack of a digital system for cataloging materials, stating that all informa-
tion relating to quantities and costs is better kept in the foreman’s head and the
heads of a few other employees. In the first of the two examples, it was not made
explicit if the material inventory also reports the materials’ characteristics, potential
for reuse, quality, or environmental potential as suggested by Knoth et al. (2022); in
the second example, it was clearly stated that none of these data were collected. This
confusion regarding platformization can be a hindrance to further implementation
of the reuse of building materials (Knoth et al., 2022). An open-access material
inventory is one of the first steps to initiate the reuse of building materials, but it is
not sufficient to stimulate and diffuse the knowledge about the building materials
alone. The two consultant organizations were well aware of this and, therefore, had
developed an information sharing platform to facilitate interaction with other actors
and increase the knowledge of the members of the ecosystem.

9.5 Conclusions

If the building and construction sector aims to reach a more sustainable develop-
ment, the increased reuse of building materials will be necessary. The further imple-
mentation of the reused of building materials could contribute to the Sustainable
Development Goal 11 (sustainable cities and communities) and Sustainable
Development Goal 12 (responsible consumption and production). In this paper, four
characteristics of the reuse of building materials ecosystems are presented. These
are complementariness and collaboration, capability to evolve, ability to align to
circularity, and platformization. Each of these four characteristics is elaborated in
the results and discussion and is supported by literature and an exploratory study.
Six actors involved with the reuse of building materials were interviewed: all are
active in the Oresund region.

There are four overarching results from this study about the successful imple-
mentation of the reuse of building materials. First, there is a need for collaboration
between multiple actors from an early stage. Since there is a lack of knowledge in
the sector, all key actors, in a project, have to contribute with their expertise in order
for them to identify collectively how much material reuse is realistic to implement
for each project. Secondly, since the field is under development, more actors are
needed; in addition, some actors have to take on new roles. Third, there is a need for
increased awareness of the project objectives and values. It is essential that actors
are willing to align themselves to circularity and that they remain flexible in their
roles. Finally, there are a few platforms under development which will accelerate
the implementation of the reuse of building materials and increase knowledge shar-
ing; however, better platformization of the knowledge and tools than are currently
available is needed.
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Suggestions for future research on this topic include expanding the interview
study presented here and mapping the actors in the ecosystem. Even though the
findings are consistent with the literature, six interviews are not enough to explain
the full ecosystem. There are likely, therefore, to be more findings in an extended
study. Another suggestion is mapping actors in other regions, where implementation
of the reuse of building materials is more advanced. It could be fruitful to compare
these different regions by examining their strengths and weaknesses. An in-depth
case study is also proposed since thorough data gathering concerning the actors and
their roles could give insights into how the reuse of building materials is imple-
mented in practice.
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Absract This paper presents relevant theories, approaches and concepts that focus
on replication and upscaling of energy-efficient solutions in the building sector. It
describes an analytical framework that can be used as an overall guidance/reference
for replication and upscaling of solutions from the building level to the district (or
neighbourhood) level. The framework consists of multi-level perspective (MLP)
and technology innovation systems (TIS). Furthermore, this paper presents two
more topics — (1) long-tern dynamic modelling of building stocks and (2) a socio-
economic view on the demand side — to provide a better understanding of the
dynamics that are involved in the replication and upscaling initiatives. These two
topics would provide additional, relevant information and insight that could
strengthen the application of the framework mentioned above. Within the frame-
work and the two supporting topics, this paper highlights three aspects that should
be specially considered when it comes to replication and upscaling of solutions
from the building level to the district (or neighbourhood) level. They are stakehold-
ers, contextual factors and knowledge (training and knowledge development). These
three aspects are related to each other. This paper would contribute to provide sup-
port/guidance to replicate and upscale energy-efficient solutions in the building sec-
tor at the district (or neighbourhood) level. This is a conceptual paper based on
narrative literature study and the authors’ project experience.
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10.1 Introduction

Sustainability and energy efficiency are topics that have gained much attention
recently in many sectors, including the building sector. Several authors point out
that buildings are responsible for 30-40% of global carbon emissions and that there
is hence a significant improvement potential for energy saving in the building sec-
tor — e.g. Johansson et al. (2017) and Baumbhof et al. (2018). In addition to the exist-
ing buildings, there is new construction. New construction efforts are expected to
increase the current stock at a rate of 1% per year (Vilches et al., 2017; Xing et al.,
2011). In this context, what will be the status of building renovation? A description
provided by European Commission (2015, page 11) says: ‘The biggest challenge
when reducing energy use in buildings is to increase the rate, quality and effective-
ness of building renovation (currently only at 1.2%/year). To do this, it is necessary
to reduce renovation costs and also to increase the speed at which it can be carried
out in order to minimise disturbance for occupiers. To achieve an ambitious increase
of the renovation rate (up to 2-3% per year), effective solutions need to be widely
demonstrated and replicated.’

The above description not only points out the importance of building renovations
in the future of the European building sector but also sets the premise of this paper,
that is, replicating and upscaling of effective solutions and contributing to greater
benefits for the society.

This paper is connected to an EU project called REZBUILD (https://rezbuildpro-
ject.eu/). The main objective of the REZBUILD project is to develop one refurbish-
ment ecosystem based on the integration of cost-effective technologies, business
models and life cycle interaction for deep nZEB renovation to diverse residential
renovation typologies and interconnecting both building renovation stages and
stakeholders. Several solutions were developed in this project such as 3D printing
facades, BIPV (building-integrated photovoltaics) integration, super thermal insula-
tion materials, HVAC (heating, ventilation and air conditioning) systems by radiant
floor and solar heat pump solution (solar-assisted heat pump, SAHP). A part of the
study in the REZBUILD project was to look at the potential for replicating and
upscaling the REZBUILD solutions in the building sector at the district level.

This paper aims to find out how to approach such replication and upscaling
efforts. Here, we first look at completed or ongoing energy-efficient building (EEB)
projects to identify their experiences (lessons learned) on replication and upscaling
efforts. This study and the study on sustainability related concepts and approaches
provide us with a background knowledge to develop and present an analytical
framework that can be used as an overall guidance/reference for replication and
upscaling of energy-efficient solutions in the building sector. The contribution of
this paper can be considered in connection with Sustainable Development Goals 11
(sustainable cities and communities) and 13 (climate action), at least to a cer-
tain extent.

This paper is based on narrative literature review (NLR) and the authors’ experi-
ence. A brief description on NLR is provided first, followed by the summary of the
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results from the study on the selected EEB projects, and then concepts and
approaches related to sustainability, which are key building blocks of the frame-
work, are described. Finally, concluding remarks wind up the whole discussion.

10.2 Research Method

This paper is based on a narrative literature review (NLR). NLR takes into consid-
eration various studies of a topic and allows the reviewer to gain an understanding
of various views associated with the topic and to make a holistic interpretation of
the studies by using his/her experience as well as existing theories and models
(Campbell Collaboration, 2001; Kirkevold, 1997). Jahan et al. (2016) say that NLR
does not necessarily require to report more rigorous aspects that characterise struc-
tured literature review — aspects such as research methodology, search term, data-
base that was used and inclusion as well as exclusion criteria.

10.3 Study on EEB Projects

10.3.1 Example Projects

We have chosen a narrative literature review approach including document analysis
in this study as it enables for a holistic interpretation of existing EEB projects within
H2020 and respond to the complexity of the research topic. We identified 39 com-
pleted and ongoing H2020, FB 7! and IEE? projects and did a literature and docu-
ment analysis to describe their experiences/reflections (lessons learned) on
replication and upscaling efforts. Here are some existing R&D projects addressing
the potential for replication and upscaling:

e Pro-GET-OnE (2017-2021): https://www.progetone.eu/

e 4RinEU (2016-2020): http://4RinEU.eu/

e TP2Endure (2016-2020): https://www.p2endure-project.eu/en
¢ MORE-CONNECT (2014-2018): www.more-connect.eu/

e STUNNING (2016-2019): https://renovation-hub.eu/

e ConZEBs (2017-2019): https://www.conzebs.eu/

e ZEBRA2020 (2014-2016): http://zebra2020.eu/

In our study, we have found that only a few (seven) of the reviewed projects
published documents or papers that thematise the potential for replication and

'FB7 refers to the EU 7th Framework Program for Research and Technical Development covering
the timespan from 2007 to 2013.

2TEE refers to projects funded by the Intelligent Energy Europe Program.
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upscaling of the tested processes and products. Amongst these are projects dealing
with deep renovation processes focussing on consumer- or user-centred approaches
(Pro-GET-OnE), robust and reliable technology concepts and business models
(4RinEU), prefabricated plug and play (PnP) systems (P2Endure) and prefabri-
cated, multifunctional renovation elements for the entire building envelope (fagades
and roof) (MORE-CONNECT). Other projects aim at developing a stakeholder
community built around a knowledge-sharing platform with information on innova-
tive solutions for building renovation and novel business models (STUNNING),
solution sets for cost reduction of new nearly zero-energy buildings® (nZEBs)
(ConZEBs) or monitoring systems to track the market uptake of nZEBs
(ZEBRA2020).

The results in this section are based on documents published as deliverables in
the reviewed projects (STUNNING, ConZEBs, ZEBRA2020) and a published
paper addressing technical, financial and social barriers and challenges in deep ren-
ovation project defined through a joint workshop of four H2020 cluster projects
(Pro-GET-OnE, 4RinEU, P2Endure and MORE-CONNECT). We present the
results in a chronically order.

10.3.1.1 P2Endure

P2Endure has implemented upscaling as a central part of the project, and this is the
focus of one of the work packages: WP 5 Exploitation, standardisation and market
upscaling. The work package ‘[...] will deliver generic exploitation, business and
replication plans that are eligible for adjustments and implementations in different
market networks’ (P2Endure, 2022). In close collaboration between the four H2020
innovation actions P2Endure, 4RinEU, Pro-GET-OnE and MORE-CONNECT, a
workshop was organised with the focus on summarizing the experiences from the
projects. One of the objectives of this event ‘was to support the market upscaling of
P2Endure solutions’ (ibid.). The main barriers found in deep renovation processes
were divided into the following macro-groups: technical, financial and social barri-
ers (D’Oca et al., 2018) (cf. Table 10.1).

10.3.1.2 ZEBRA2020

Based on the experiences in the ZEBRA2020 project, Toleikyte et al. (2016)
describe four overarching conditions that should be addressed to ensure effective
policy processes that are needed for the market uptake of nZEBs:

* Involvement from a broad set of stakeholders
e Long-term strategies to upgrade the building stock

3 A nearly zero-energy building is defined as a building that ‘has a very high energy performance’
where the energy required should be covered to a ‘significant extent by energy from renewable
sources’ (BPIE, 2011, p. 5).



10 Replication and Upscaling of Energy-Efficient Solutions in the Building Sector 143

Table 10.1 Identified barriers for upscaling

Barrier type | Description

Technical A lack of consistent and standardised solutions or integrated solutions to comply
barriers with new and different building standards requirements on energy saving

Lack of skilled workers to carry out the work

Shortcomings in technical solutions and long processes discouraging owners
Safety/seismic risk connected with the deep renovation processes (damages can
be done to the homes whilst retrofitting or unsure perception of the current safety
of the existing buildings)

End-users’ and owners’ lack of technical expertise and trust in effective energy
renovation savings

Financial High up-front costs and owners reluctant to borrow funds for energy renovation
barriers purposes

Long pay-back times of retrofitting interventions

Lack of confidence of the potential investors

Insufficient and instable available funding

Lack of attractive financing for homeowners with low to medium incomes who
are usually not eligible for regular bank loans

The fact that existing financial tools are insufficient and unattractive

Social Decision-making processes that are long and complex, especially in cases of
barriers multi-owner houses (condominiums)

The lack of consensus, understanding and support from the inhabitants that often
hinder the effective approval of the interventions

The problem of disturbance during site works and/or relocation (in case owners/
users need to leave their homes during the process)

Low awareness about energy efficiency and nonenergy benefits of renovation
Lack of dialogue between the different stakeholders.

Based on D’Oca et al. (2018)

Continuous assessment and review including data collection and quality assur-
ance to ensure and monitor progress

Empowering local level or private initiatives to go beyond the set goals and lead
by example to help accelerate the rate and depth of nZEBs (Ibid., p. 28)

The ZEBRA2020 project forwards a total of 35 recommendations for EU

Member States categorised within six topics (Toleikyte et al., 2016, p. 29):

Legislative and regulatory (e.g. regulating minimum standards for building per-
formance through building codes, improvements to the use of energy perfor-
mance certificates, providing tailored advice to building owners and investors
and implementing standardised methodologies for data gathering)

Economic (e.g. incentivising the market uptake through active price signals, pro-
viding financial support for renovation according to long-term benchmarks,
clever legislation to mitigate the problem of split incentives)

Communication (e.g. branding of nZEBs, promotion of demonstration projects
that exemplify benefits of high-performance buildings, facilitation of knowledge
sharing)

Quality of action (e.g. development of quality frameworks for nZEB techniques
and technologies, training of building professionals, enhancement of the exper-
tise of certifiers)
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e New business models (e.g. fostering the uptake of industrialised renovation,
encouragement of new business models, enabling the market to support new fea-
tures of buildings as micro energy-hubs)

e Social measures (e.g. defining energy poverty, specification and increase in sup-
port measures for vulnerable target groups, improvement of all social housing to
nZEB standards)

The overarching conditions described in ZEBRA2020 are relevant to look at
reported experiences from other projects. In the final report documenting the les-
sons learned from the STUNNING project, the learning outcomes and guidelines
for replications are described for each of the five demos included in the project.
Amongst the lessons learned concerning technical issues, they find that the innova-
tion potential of the construction methods and processes is case-specific and
demands a step-by-step approach, depending on the competence of contractors. The
stakeholders involved (building owners, tenants and planning partners) must all be
involved in the development of innovative methods. Regarding social issues, the
experiences with the demos demonstrate that there is a need for a fundamental
change in both awareness and quality of communication and the need for increased
involvement amongst inhabitants. Another learning outcome is that the reduced
construction time caused by a high degree of prefabrication had a positive effect on
all participants, including the inhabitants who experienced less disturbance (Laffont-
Eloire et al., 2019). The positive effect of time reductions in the construction period
is also amongst the key added social values from the innovation actions P2Endure,
4RinEU, Pro-GET-OnE and MORE-CONNECT (D’Oca et al., 2018).

10.3.2 Discussion

The study on the 39 R&D projects in the field of EEB shows that only a limited
number of projects have published and shared their experiences of upscaling. The
seven projects that present their lessons learned approach different levels of transi-
tion. Whilst the P2Endure and the STUNNING project focus on the market uptake
of specific technologies as prefabricated building elements, the ZEBRA project
approaches the nZEB concept and its market penetration as a whole with a focus on
policymaking on the landscape level.

P2Enduro and STUNNING follow a bottom-up approach by investigating the
drivers and barriers of upscaling in the contextual setting of the demo sites and
identify the three thematic areas of technical, finance and social aspects. Their con-
tribution is thereby to deliver findings on practical implementation of the technolo-
gies. In all of the three dimensions identified, the end-user plays a prominent role.

Findings from the ZEBRA project addressing the upscaling of the nZEB concept
are more general and on the policy level as they are not addressing a specific tech-
nology but an interplay between different technologies that in combination enable
the realisation of environmental ambitious goals as the nZEB concept. The
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measures identified in ZEBRA on the policy level match with barriers identified in
the STUNNING project — e.g. the providing of financial support for renovation fits
with the identified lack of insufficient and instable available funding. Additionally,
we see that the integration of contextual factors of the specific demo sites contrib-
utes to identify specific end-user needs — e.g. the homeowners with low to medium
incomes who are usually not eligible for regular bank loans.

Besides the necessity of identification of contextual factors and their incorpora-
tion in respective policy measures, our results point the attention to stakeholders and
their specific roles in the upscaling process.

The results show that stakeholders play an important role as contributors to open
innovation processes and that therefore a broad involvement of all stakeholders
should be realised. This is in line with academic literature and the concept of open
innovation processes (Chesborough, 2003). The results also stress the importance of
knowledge of the diverse stakeholders and the diffusion of knowledge to diverse
stakeholder groups.

10.4 Developing a Framework

10.4.1 Key Parts of the Framework

Academia has produced several theories and approaches that explain the process of
upscaling and that point to different factors that influence the process. We have
chosen the multi-level perspective (MLP) in Transition Theory (Geels, 2002) to
elaborate on the process from the primary invention (niche) of a new energy effi-
ciency building technology to market application. MLP enables a deeper under-
standing of the coevolution of technologies and the incorporation of different
stakeholders’ role and their interplay as a system-wide interaction. The theoretical
approach of Technology Innovation Systems (TIS) (Hekkert et al., 2007) identifies
seven functions of these systems and its inherent influence factors for their perfor-
mance. Thereby, the concept of TIS helps us to identify influencing factors of
upscaling for energy-efficient building technologies within the broader framework
of sustainable transition of the built environment as elaborated in Transition Theory.
We present Transition Theory first, followed by TIS, and then we combine these two
approaches in an analytical framework.

10.4.1.1 Socio-technical Transition and the Multi-level Perspective

The socio-technical transition approach is an umbrella term that includes the multi-
level perspective (MLP), transition management (TM) and strategic niche manage-
ment (SNM) and is mainly explored by Dutch researchers. A socio-technical system
comprises of three interrelated elements: a network of actors and social groups;
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formal, cognitive and normative rules that guide their activities; and material and
technical elements as artefacts and infrastructures (Geels & Schot, 2007). MLP is a
prominent transition framework to analyse and indicate appropriate transition path-
ways. The MLP posits that transitions will be enabled through interaction processes
within and amongst three analytical levels: niches (micro-level), socio-technical
regimes (meso-level) and a socio-technical landscape (macro-level).

The niche level (micro) is the level in which space is created for experimentation
and technology development as done in the REZBUILD project. On this level, the
strategic niche management (SNM) highlights the importance of protected ‘incuba-
tor’ spaces, user involvement as well as learning to develop new technologies that
can either be an incremental or radical innovation. The regime level (meso) presents
the current structures and practises in the market, characterised by established insti-
tutions, technologies and rules and that provide stability and reinforcement to the
current socio-technical systems. The landscape level (macro) is the overall socio-
technical setting that encompasses the dynamics of deep cultural patterns, macro-
economics and macro-political developments that make up the environment or
context of socio-technical transition (Twomey & Gaziulusoy, 2014).

In transition studies, three success factors are generally recognised when it
comes to market uptake of technological inventions from the niche to the regime
level (van den Heiligenberg et al., 2017). Successful niches have the following:

* Visions which are shared by many actors, specific and of high-quality building of
social networks,

* Broad and deep networks

* Learning processes at various dimensions, i.e. first-order learning (maintenance
learning) and second-order learning (reframing, or reordering of assumptions;
Sterling, 2007). Raven (2005) emphasises that learning processes that take place
align the technical features of the niche experiment with its social dimensions
(e.g. regulation, user preferences) and that induce the actors to reflect about their
underlying norms and values about the niche experiment

10.4.1.2 Technology Innovation Systems (TIS)

Many authors see technological change as one of the major determinants of eco-
nomic growth, and the concept of sustainable technology development contributes
to understand technological development within a bigger system approach. The sys-
tem and its inherent components must change to enable for sustainable development
(Weaver et al., 2000). Technological development and change are analysed in a
heuristic approach within the field of innovation systems. The concept of technol-
ogy innovation systems (TIS) is developed to analyse all societal subsystems, actors
and institutions contributing in one way or the other, directly or indirectly, intention-
ally or not, to the emergence or production of new technologies and the upscaling of
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them (Hekkert et al., 2007). As technology development is not an autonomous and
self-going process, management of the process is necessary. The specific emphasis
of TIS lies in the identification of activities within the system — Hekkert et al. (2007)
call them functions of the system. An analysis of the TIS and its functions will
deepen the understanding of what kind of activities that fosters or hampers
innovation.

We present the seven functions of TIS developed by Hekkert et al. (2007) in a
chronological order:

1. Knowledge development: creation of new knowledge, which include different
types as, e.g. science-based research activities as well as experience-based
knowledge

2. Knowledge diffusion: diffusion of knowledge within the innovation system
and abroad

3. Guidance of the search: selection of a development pathway of the technological
development as management asset

4. Entrepreneurial experimentation: exploration and exploitation of business mod-
els and opportunities on the basis of new technologies and applications

5. Market formation: interplay between the type of innovation within the spectrum
from incremental to radical and the formation of the market

6. Resource mobilisation: availability and usability of different resources (e.g.
financial and human capital) to enable innovation system activities

7. Creation of legitimacy: creation of legitimacy through diverse activities (e.g.
lobbying, marketing, capacity building) to counteract to resistance to change

10.4.1.3 The Combination of MLP and TIS

Our analytical framework is based on the MLP approach within transition studies
and the concept of TIS and its functions. The TIS approach focuses on the technol-
ogy itself and how an upscaling process can lift the technology from the niche level
to market uptake on the regime level. The multi-level perspective (MLP) is another
heuristic framework, which takes a broader approach than TIS theory by looking at
transformative societal processes (Twomey & Gaziulusoy, 2014). The MLP frames
a broad understanding of sustainable transition by technological innovations within
the socio-technical system and points the attention to the different levels and its
inherent stakeholders.

We therefore combine both approaches to develop an analytical framework. The
MLP contribute with the multi-level perspective and its specific stakeholders as well
as the focus on policy measures, whilst TIS gives us a deeper understanding of the
necessary functions/activities to consider to upscale a technology from the niche
level to the market performance.
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10.4.2 Two Supporting Topics

The two topics that we will present below (long-term dynamic modelling of build-
ing blocks and a socio-economic view on the demand side) provide additional, rel-
evant information and insight that could strengthen the application of the key parts
of the framework mentioned above.

10.4.2.1 Long-Term Dynamic Modelling of Building Stocks

The REZBUILD project has developed several innovative technologies for enabling
energy-efficient refurbishment solutions. To understand the possible upscaling and
wider implementation of new solutions, it is important to have some understanding
of the dynamics of building stocks, their composition and their likely development.
A dynamic building stock model developed primarily for Norway, but applied
also to a selection of other European countries, is called RE-BUILDS 2.0
model (Sandberg et al., 2021). RE-BUILDS 2.0 uses material flow analysis (MFA)
methodology to predict future developments in stock size and composition and
associated flows of demolition and construction. In addition, different renovation
scenarios have been implemented in the dynamic modelling to understand the
impacts of various renovation and upgrading measures. In the dynamic building
stock model for residential housing, the key driver for determining the size of the
building stock is the population’s need to reside and associated lifestyle parameters.
This includes population size and demand for number and floor area of dwellings.

10.4.2.2 A Socio-economic View on the Demand Side

Several of the EU projects that we have looked at focused mainly on the supply side
of the renovation market whilst making assumptions about the demand side.
Similarly, research focussing on the barriers for sustainable retrofitting highlights
that the problems are informational and economic and not necessarily technical
(Astmarsson et al., 2013). In short, without demand there will be no market for the
developed technical solutions. Thus, in order to understand how to facilitate a large-
scale system-wide deep renovation adoption, the underlying mechanics of demand
for such products should be understood.

There has been some research into the demand side of deep renovation. For
example, Astmarsson et al. (2013) point out some demand-side barriers: political
consciousness, lack of information and understanding amongst main stakeholders
regarding the technical solutions available in the market, the property itself and
which solutions should be prioritised. Moreover, in the EU projects 4RinEU,
ProGETonE and P2Endure, the residents themselves were considered a barrier to
upscaling.

There can be many possible variables that can affect the deep renovation market,
including the demand side of it, in the future. It is thus important to find out what
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factors that have been historically important and would mostly likely be central for
explaining future variation within the respective market. This can be achieved by
utilizing machine learning (ML) methods to analyse time series data that are rele-
vant to the green transition for the property market.

10.4.3 Highlighting Three Aspects/Areas

Within the framework and the two supporting topics, we highlight three aspects/
areas that should be specially considered when it comes to replication and upscaling
of energy-efficient solutions:

1.

Stakeholders: replication and upscaling of the solutions at the district level
involve many actors with varying degree of knowledge, interest and influencing
power. And, the number, nature dynamics of stakeholder tend to change over
time. Hence, it is important to map, involve, engage and manage stakeholders in
project that focus on replication and upscaling of solutions. The importance of
good stakeholder management and project success is widely mentioned in proj-
ect management literature — for example, please refer Joslin and Miiller (2016).

. Contextual factors: focus on contextual elements can be seen in two dimensions:

* Micro-level: here, the focus is on the context of the renovation project. In this
regard, technical, organisational and people issues (knowledge transfer
between individuals) are specially taken into consideration.

* Macro-level: it deals with national and international standards, as well as
regulations and long-term strategies that various countries have when it
comes to building renovation.

. Knowledge (training and knowledge development): Learning, training and

knowledge sharing play a prominent role to make sure that the requirements,
functioning and effects of the solutions are correctly understood and that the
installation is properly done with a systemic understanding of the dynamics of
the district (or neighbourhood) where the solutions are replicated and upscaled.
In addition, there is a need to ensure that the users have adequate knowledge and
information to use the solutions in an appropriate way so that the intended posi-
tive effects can be accomplished effectively.

These three aspects are related to each other.

10.5 Concluding Remarks

As asummary of the discussion so far, we present the following model (cf. Fig. 10.1).
The framework/model would contribute to provide support and guidance to repli-
cate and upscale energy-efficient solutions in the building sector at the district level
(or neighbourhood level).
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Fig. 10.1 A model for
replication and upscaling

Multi-level perspective (MLP)
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Knowledge Contexts

Technology innovation systems (TIS)

Our study of lessons learned of upscaling processes within R&D projects and
the incorporation of learnings from the REZBUILD project has highlighted the
three areas that play a specific role in the upscaling process: stakeholders, contex-
tual factors and knowledge. These findings are in general in line with existing
literature studies but also stress the interplay between these three areas. Especially
findings in the REZBUILD project have shown that different types of knowledge
are located at different stakeholder groups and need specific measures to develop
within the specific contextual setting of a geographical area. This poses the ques-
tion to the management of learning activities and stakeholder cooperation in the
uptaking of EEB technologies from the niche level to the market. Little is said
about the governance structures behind upscaling activities of EEB technologies.
Whilst specific stakeholders’ roles and respective activities are identified at dif-
ferent phases of the innovation process including upscaling, little could be found
on the leadership of the process as a whole and the specific management approach.
We therefore pose the questions of responsibility and leadership of upscaling of
EEB technologies from the early invention to market penetration. The manage-
ment of upscaling needs to be addressed in all phases of the innovation process
and needs to relate to all presented functions of a TIS, the incorporation of poli-
cies on the landscape level and with a specific eye on the three elements of stake-
holder and knowledge management as well as contextual factors since no ‘one
solution fits all’.
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A Delphi Pilot Study to Assess the Impact
of Location Factors for Hyperscale Data
Centres

David King, Nadeeshani Wanigarathna, Keith Jones,
and Joseph Ofori-Kuragu

Abstract The rapid expansion of digital technology used by individuals and organ-
isations has resulted in the need for many data centres on a rapid scale. Data centres
are high energy-consuming buildings during their operation. Therefore, data centres
are increasingly being built in regions with good access to energy infrastructure and
cold climates to reduce the cooling energy demands of the facilities. This paper
presents location factors that must be considered when estimating and modelling
the capital cost of data centres built outside the UK. The research presented here is
based on a questionnaire survey conducted as a pilot study of an impending Delphi
study. The participant’s responses were obtained via an open-ended questionnaire
with a cross-sectional timeframe. A thematic analysis of the responses revealed six
overarching themes: ease of doing business, design, customer pricing, land, power
and fibre, and supply chain. The three most dominant are land, power and fibre and
supply chain. This pilot study confirmed the knowledge gap and supported the need
that further investigatory work is required. A complete Delphi study will develop
the themes identified in this pilot study to achieve consensus on their significance
and support an assessment of the impact of location on the modelling and forecast-
ing of capital expenditure for hyperscale data centres.
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11.1 Introduction

Data centres are buildings that house information technology (IT) equipment to
store and process data and services such as the internet (Whitehead et al., 2015).
The rapid expansion of digital technologies resulted in building many data centres
on a rapid scale (Parker, 2019). Hyperscale data centres are purposefully built large-
scale data centre facilities above 20 MW, owned, and typically operated by the
organisation they support, such as Apple or Facebook (Christensen et al., 2018).
They are usually service platforms for social media, search engines, communica-
tion, entertainment, virtual reality, artificial intelligence, machine learning and
e-commerce (ibid).

Data centres are high energy-consuming buildings during their operation.
Therefore, hyperscale data centre site selection is often predicated on access to
cheap power and utilities and in locations with substantial energy infrastructures
already in place (Hogan, 2015: 4; Rosenwald, 2011; cited in Parker, 2019). Due to
IT demands and cooling equipment primarily and lighting, power distribution and
other requirements, they are very energy-intensive during their operation (Avgerinou
et al., 2017). Therefore, energy efficiency became a primary concern of data centre
development (Wahlroos et al., 2018). The Nordic region has attracted significant
investment in new data centres with massive investments from the cloud and hyper-
scale investors like Facebook, Google, AWS and Apple (Christensen et al., 2018).
These regions are preferred due to advanced technological progress in the sector
and the cold climate conditions that reduce the cooling energy demands of the facil-
ities (Avgerinou et al., 2017). This trend in locating data centres outside of the UK
presents a significant challenge to cost consultants within the UK during the esti-
mating and modelling capital cost of these buildings.

Cost planning (or cost modelling) at the feasibility stage is defined by the Royal
Institution of Chartered Surveyors (RICS) as ‘the determination of possible cost of
a building(s) early in the design stage in relation to the employer’s fundamental
requirements. This takes place before the preparation of a full set of working draw-
ings or bills of quantities and forms the initial build-up to the cost planning process’
(RICS, 2012).

During the cost planning in early development phases, cost consulting profes-
sionals often use historical cost data as base cases and adjust their costs to suit the
circumstances of new projects. Whilst the impact of specific characteristics such as
shape, inflation and specifications is easy to adjust based on case-based reasoning,
the impact of location is a difficult factor to predict for construction professionals.
Therefore, they rely on location cost indices for this purpose. For example, several
location cost indices such as Spon’s Architects’ and Builders’ Price Book 2022
(Aecom, 2021) and the Building Cost Information Service (Royal Institution of
Chartered Surveyors, 2021) are available for cost consultants to use. Similar indices
are available in other European countries, yet they are less relevant for data centres.
Likewise, there are often no precedents set to use as a baseline for cost comparisons.
An example would be that specific standards and regulations for noise attenuation
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for hyper-size generators for data centres did not exist in Sweden and had to be
modelled on regulations from other countries (Vonderau, 2017). Furthermore, com-
pounding the lack of available cost data is the secrecy surrounding data centres,
their operations, cost and locations (Holt & Vonderau, 2015).

Whilst international location cost indices, such as those provided by Eurostat
(European Union, 2021), World Bank (World Bank, 2021) and the OECD
(Organisation for Economic Co-operation and Development, 2021) otherwise
known as purchasing power parities, are broad and primarily model variations at
country level, they are less effective during the cost planning for individual projects
specific to a particular region as there are many variables ranging from macroeco-
nomic, construction methodology and geographical and geological categories.
However, there is a gap in knowledge about what variables and types are relevant to
the modelling and forecasting of hyperscale data centres. Through the exploration
and literature review, it has been established that a wide range of variables impact
construction projects’ cost and cost modelling. However, there is no evidence iden-
tifying if and how these variables would impact the site location on the cost plan-
ning for the capital expenditure of hyperscale data centres. This review identifies
that further research is required to establish and define specific variables relevant to
hyperscale data centres.

It is recognised above that whilst there is published data on traditional construc-
tion costs in the UK along with published location indices. Neither of these provides
sufficient information on establishing construction costs overseas. This is further
compounded due to the specific design requirements of data centres and identifies a
knowledge gap in the existing body of research.

This paper aims to identify consensus and an assessment for probability to iden-
tify themes that will inform the first round of a questionnaire of a complete Delphi
study to identify the impact of location on the modelling and forecasting of capital
expenditure for hyperscale data centres. The research question is to establish the
impact of site location on the capital expenditure of hyperscale data centres and the
variables that impact the modelling and forecasting as identified in the research gap
above. This will assist in selecting the correct location to make informed decisions
and reduce the financial risk to capital expenditure. The indicative research question
raised is ‘the impact of location on the modelling and forecasting capital expendi-
ture for hyperscale data centres’.

To support the research topic, four subtopics have been identified:

* Does the location of a data centre change the risk of overspend? If so, how?

* What variables of capital expenditure are directly affected by location?

* What elements of capital expenditure cost are the most likely to overspend?

* What are the essential items to consider when choosing the right location for a
hyperscale data centre?

The research will improve knowledge, linking innovation and infrastructure and
the development of resilient infrastructure, which are all items targeted by the
United Nations Sustainable Development Goals.
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11.2 Methodology

11.2.1 Research Instrument

A modified Delphi technique was used as the research instrument. Delphi is a meth-
odological technique where consensus can be formed from responses arrived at
from a panel of experts based on questions that are uncertain (Pill, 1971). This is
expanded on further in the seminal book by Linstone and Turoff (1975), where they
state ‘Delphi may be characterised as a method for structuring a group communica-
tion process so that the process is effective in allowing a group of individuals, as a
whole, to deal with a complex problem’.

Therefore, the research uses a Delphi technique as the most appropriate method
as Keeney et al. (2006) stated a Delphi approach ‘is an important method for achiev-
ing consensus on issues where none previously existed’. In addition, Hasson et al.
(2000) note that ‘insufficient information has led to an increased use of consensus
method’ such as Delphi.

Whilst there are several modified uses of Delphi (Thompson, 2009), this pilot
study has used a qualitative approach as it is suggested as the preferred method.
Jairath and Weinstein (1994) note that pilot studies should be carried out for all
Delphi studies in advance of the leading research questionnaire being developed. As
a result, this pilot study creates a robust framework for developing the first-round
questionnaire in a complete Delphi study.

11.2.2 Data Collection

To inform this pilot study, a sample (n = 5) of data centre industry experts was
selected to identify the topics to inform the complete Delphi study. According to
Connelly (2008), experts suggest that a pilot study sample should be 10% of the
total Delphi study sample size. It is anticipated that due to the corporate sensitivity
of obtaining the data, the number of participants for the full Delphi will be less than
50. Therefore, the number of participants selected for this pilot study is within
range. It is known that a fundamental component of Delphi research is the identifi-
cation of a ‘panel of experts’ (Baker et al., 2006) as they form an established method
for determining consensus (Beech, 2001). Using a Delphi method with industry
experts makes it an ideal solution where such information is lacking (Graham et al.,
2003). The identification and selection of an expert is determined as a person
regarded or consulted as an authority on account of special skill, training or knowl-
edge, a specialist (Stevenson, 2010).

The selection of participants for this pilot study is also experts as identified by
their senior position in an organisation (Mead & Mosely, 2001), and as such, the
participants selected are all at senior levels within an organisation. The experts were
purposefully selected using a multistep iterative approach. Participants were
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selected with design, development, engineering and commercial management
expertise. The experts had similar expertise, experience and senior roles within the
data centre industry.

11.2.3 Developing the Questionnaire

The survey was cross-sectional in its timeline, and the questions were open-ended
with unlimited free text. The questions contained within the questionnaire are those
identified as the research subtopics. One additional question was included within
the questionnaire. This question was included to avoid any restrictions that the par-
ticipants may experience whilst completing the four predetermined questions as
above. In addition, it gave them the freedom to identify any other items they consid-
ered would impact capital expenditure outside the predetermined questions. This
additional question was asked to the participants: what other variables may impact
capital expenditure?

11.2.4 Details of the Data Collection

Participants were identified through known contacts based on their experience in
cost consultation for data centre construction projects. The other criteria considered
during the participant selection were their expertise and experience in hyperscale
data centres both inside the UK and globally. The participants were not restricted to
where and when the questionnaire was completed. The questionnaire was distrib-
uted to the participants utilising the online surveys distribution method via password-
protected invites. The survey was open for 14 days to enable the participants’
sufficient time to respond. All responses were received within this period.

11.2.5 Data Analysis

According to Kuhn (2021), having a paradigm as guidance for research is key to any
research project as it is the ‘set of beliefs and agreements shared between scientists
about how problems should be understood and addressed’. Therefore, it is critical to
establish ontological and epistemological approaches when forming the research
methodology.

Williams (2016) states that ontology is ‘the branch of philosophy concerned with
the nature of things that exist’. The ontological approach taken within this pilot
study and the subsequent interpretation and analysis of the participants observations
identifies that the research has taken a realistic approach in that ‘realism denies that
there is any objective knowledge of the world” (Maxwell, 2012).
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Epistemology is ‘a way of understanding and explaining how we know what we
know’ (Crotty, 2020). It is also ‘concerned with providing a philosophical ground-
ing for deciding what kinds of knowledge are possible and how we can ensure that
they are both adequate and legitimate’ (Maynard, 1994). This pilot study has
adopted a constructivist approach as the thematic analysis of the qualitative data is
‘not discovered but constructed’ (Crotty, 2020). This constructivist approach to the
pilot study has also been supported by Gray (2021), who states that ‘truth and mean-
ing do not exist in some external world but are created by the subject’s interactions
with the world’.

Inductive thematic analysis was used to determine the themes and subsequent
categories of the responses arising from the questionnaire as recognised by King
(2004) that it assists in producing a concise analysis.

The thematic analysis was produced in NVivo software; the responses were
coded to establish themes and analysed for themes and then grouped into categories.
The coding and themes reflect the interpretation of the excerpts with the research
question in mind.

The item frequency was calculated based on the aggregated items’ responses.
The two most dominant categories were explored in each question as most responses
had a significant break between frequency counts.

11.2.6 Ethical Considerations

It is acknowledged that ethical considerations are fundamental to research for moral
and institutional reasons (Farrimond, 2012). Therefore, before the questionnaire
issue, written informed consent was obtained in advance from all participants and
gatekeepers. Ethical approval for this study was received from Anglia Ruskin
University Research School Research Ethics Panel (SREP) under the terms of
Anglia Ruskin University’s Research Ethics Policy.

11.3 Results and Discussion

11.3.1 Does the Location of a Data Centre Change the Risk
of Overspend? If So, How?

The thematic analysis identified both land and the supply chain as the dominant
categories in the participant’s response when asked how the location of a data centre
changes the risk of overspend. The analysis identified that land had a significant
impact with overspending due to location choice. Results of the data analysis indi-
cated that poor ground conditions, competing land use pressures and flood plain
having significant impact.
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In the thematic analysis, land equated to 50% of the themes. However, the per-
ception of this impact varies, and whilst land appears to be the dominant category,
there are many facets within this category. Following the data analysis, whilst geo-
technical and environmental, land cost and infrastructure are identified, there is no
consensus on impact ranking. The supply chain was also recognised as a dominant
category in particular a lack of suitable labour, the cost of labour and materials
being imported along with climatic conditions (hot/cold) impacting material
selection.

These perceptions arise from the supply chain theme whilst showing the effect
does not identify the cause. Therefore, there is a consensus that the supply chain
does have an effect; there is no consensus identifying the cause, particularly in iden-
tifying the elements that could impact the schedule.

11.3.2 What Variables of Capital Expenditure Are Directly
Affected by Location?

The thematic analysis identified both land and power and fibre as the two dominant
categories in the participant’s response when asked to identify what they considered
the most significant cost impact to capital expenditure through location choice.

All of the participants of this study held a view that land had a significant impact,
with examples from the questionnaire to support the theme categories being land
parcel size, neighbouring high-risk activities (above/below ground) and identifica-
tion of contamination risk profile.

In analysing these references from the questionnaires, land was mentioned 18
times. However, the perception of impact varies significantly from purchase price to
contamination. This identifies that land appears to be the dominant category.
However, identifying what constitutes a theme within the land category is unclear,
and whilst geotechnical, climate and flooding are identified, there is no consensus
on the dominant theme. All participants cited power and fibre as a significant theme,
referenced 14 times. Results of the data identified specifically that the availability of
power, fibre, existing network backbone structure and ‘dark’ fibre infrastructure
have significant impacts. Typical statements being ‘how much power is available’
along with ‘where does the fibre come in and how is it connected to the regional
network’.

In analysing this data, most respondents agree that the availability of power and
fibre has the most significant impact on this category. However, there is no consen-
sus on whether power or fibre is the dominant theme.

These results largely agree with the existing literature and confirm that infra-
structure requirements specific to data centres are a primary determinant of capital
cost. Accurately estimating the impact of these factors on capital cost could improve
the accuracy of development appraisal exercise and early decisions on location
selection.
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11.3.3 What Elements of Capital Expenditure Are Most Likely
to Overspend?

The thematic analysis identified both design and the supply chain as the dominant
categories in the participant’s responses when asked to identify what elements of
capital expenditure are most likely to overspend.

The design of the data centre was the dominant category at 35%, with response
examples of design-related themes being permitting and planning, the method of
colling the building and physical security of the site. Elements such as seismic
design we also identified with comments such as ‘a 20 MW two-story design for a
Data Centre in the UK cannot be transposed to a site in Gebze region of Istanbul as
no seismic cost/design have been accounted for within the substructure or
superstructure’.

Whist this question asks what elements are most likely to overspend, the themes
do not form a consensus within the category.

The supply chain was also recognised as a dominant category particularly labour
and material costs. Other items resulting from the supply chain themes identified
construction delays along with associated preliminary costs as having a signifi-
cant impact.

Therefore, there is a consensus that the supply chain does have an effect; there is
no consensus identifying the cause, particularly in identifying the elements that
could impact the schedule.

11.3.4 What Are the Essential Items to Consider When
Choosing the Right Location?

The thematic analysis identified land, power and fibre as the dominant categories in
the participant’s response when asked what essential items to consider when choos-
ing the right location for a hyperscale data centre. The data identified that land had
a significant impact on overspending due to location choice, property ownership
laws, natural hazard risks, the previous use of the land, proximity to tenant/customer
requirements and the accessibility of the sites.

In the thematic analysis, land equated to 43% of the categories. However, the
perception of this impact varies, and whilst land appears to be the dominant cate-
gory, there are many facets to the potential consensus of a category. This has identi-
fied that whilst geotechnical and environmental are dominant. Land cost and
infrastructure are equally referenced, and subsequently, a consensus has not been
formed. Likewise, all participants also cited power and fibre as a significant theme,
referenced 11 times. Particular themes identified proximity to the data’s point of use
(latency), the availability of large utility power supply and redundancy power
sources such as hydro, gas, oil, diesel and solar.
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The category analysis identifies that most respondents agree that power and fibre
have a significant impact. However, there was no consensus on whether power or
fibre was the dominant theme when the participants were asked what the essential
items are to consider when choosing the right location for a hyperscale data centre.

11.3.5 What Other Variables May Have an Impact
on Capital Expenditure?

When asked to identify what variables of capital expenditure are directly affected by
location, the most prominent category in the participant’s response is design, ease of
doing business and power and fibre. The design was the dominant category at 27%,
with the key themes being the power and cooling technologies used, the substruc-
ture and superstructure design and noise attenuation. Whist this question asks what
variables of capital expenditure are directly affected by location, there is no consen-
sus within the category.

Power and fibre were identified as a significant theme, forming 20% of the cate-
gories, specifically distances from utilities (substation, fibre, water). Costs associ-
ated with incoming services and the need for an onsite substation were also frequent
themes. Whilst the analysis identifies that power and fibre has a significant impact,
there is not a consensus on whether it is either power or fibre that is the domi-
nant theme.

11.3.6 The Relationship to the United Nations Sustainable
Development Goals

By understanding the impact of power, fibre, land and design implications on the
development of data centres provides knowledge and a greater understanding on the
impact and importance of resilient infrastructure.

11.4 Conclusion

This pilot study was undertaken to seek expert opinion on the key themes impacting
location on the modelling and forecasting of capital expenditure for hyperscale data
centres, and the results of the data analysis are intended to provide rigour and to
inform the questionnaire for the main Delphi study and increase the validity of the
proposed questions.
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This paper provides some indications of the current understanding of the vari-
ables that impact the modelling and forecasting for planning the capital expenditure
of hyperscale data centres.

This review identified the gap in knowledge and the need for research in this area
to move beyond prediction and forecasting of construction projects to that specifi-
cally for hyperscale data centres. Clibbens et al. (2012) state that pilot Delphi stud-
ies are rarely reported in the academic literature, making it difficult to establish best
practice in this area. For this pilot study, industry expert knowledge was obtained
through several expert participants (n = 5). The response rate was 100%.

Through having an open-ended questionnaire, experts were able to respond
freely and without restriction.

Having completed the thematic analysis of the data arising out of the question-
naire, this pilot study has identified categories and themes that will address and
inform the first round of a questionnaire of a complete Delphi study. Six overarch-
ing categories have been identified:

* Customer pricing

e Design

* Ease of doing business
e Land

* Power and fibre

e Supply chain

Additionally, the thematic analysis associated with each particular question has
identified the themes within the categories as being:

¢ Access and infrastructure

¢ Geotechnical and environmental

e Land cost and availability

¢ Fibre

e Power

e MEPH (mechanical, electrical and public health)
e Substructure

e Superstructure

¢ General contractors

Therefore, from this pilot study, these categories and themes will inform round
one of the main Delphi study. This pilot study has also confirmed the knowledge gap
and supported the need that further investigatory work is required. Likewise, the
results of this pilot study and the methodological stance taken have demonstrated
that a Delphi approach would enable consensus in further research where none pre-
viously exist.

The results of this paper have identified that there are variables that impact the
modelling and forecasting for planning the capital expenditure of hyperscale data
centres that could not be identified through either existing published cost data or
location variables thus connecting the results to the existing body of knowledge.
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In addition, it is recommended that a further literature review is carried out to
include the themes that have been identified through this pilot study, as this will
subsequently inform and direct further research.

The results of this paper and the impending future research will provide knowl-
edge to assist in achieving goal Nr 9 of the United Nations Sustainable Development
Goals where it is identified that a key component of achievement should be that of
a resilient infrastructure, particularly where there is a growing need for data led
services.

11.4.1 Limitations

The respondent’s location may have been biased as although the participants have
experience in other geographic regions, they are all currently based in the UK. This
may have led to biases in the answers, as some elements may differ at a country
level. Such biases will be acknowledged as part of the main research study. However,
it was expected that due to the extensive experience, the participants have the neces-
sary expertise to respond to the questions in this pilot study, excluding their
own biases.

Additionally, it is acknowledged that in undertaking this pilot study, the author
has leveraged professional relationships, and this may have resulted in participant
bias (Moore et al., 2010).
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Chapter 12 )
Motivation for Doing a Sustainable
Building Refurbishment from a Norwegian
Building Owner’s Perspective

Check for
updates

Marit Stgre-Valen, Alenka Temeljotov-Salaj, and Bintang Noor Prabowo

Abstract Norway aims to be a part of the European Green Deal where refurbishing
and renovating buildings is an important action towards sustainable development to
reach national and global SDG. This paper aims to shed light on what motivates the
building owner to do sustainable building refurbishment (SBR) and discuss strate-
gies that promote further SBR. This is examined through a scoping literature review
and in-depth interviews of public and private property owners in the southeast of
Norway. This study confirms that the first and foremost motivations of doing a SBR
are cost-driven, technically, and regulatory-driven. Secondly, environmental aspects
have the potential to be a motivator due to future changes in terms of demands of
doing climate gas calculations and the implementation of the EU’s taxonomy. Social
aspects such as user demands and user involvement are discussed but not found as a
motivation in itself. However, for historical buildings, the willingness to invest and
find sustainable solutions is more likely to be true, as historic buildings are impor-
tant for the identity and attractiveness in their neighborhood. The findings suggested
that stricter regulations and higher demolition fees, climate gas calculations and life
cycle cost demands, and EU’s taxonomy are likely to further promote SBR.
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12.1 Introduction

In the last decades, Norwegian cities put a lot of effort into achieving emissions
reductions by setting visions, policies, strategies, and actions. According to the
UNFCCC Paris Agreement at COP 21 in 2015, targeting the limitation of the global
temperature increase by 2050, a fast transition to renewable and fossil-free energy
is required and reducing the energy demand. As the building sector accounts for
approximately 28% of total energy-related CO, emissions, there is a vast potential
for sustainable renovation/refurbishment of existing buildings (Temeljotov &
Lindkvist, 2021). The Buildings Performance Institute Europe emphasizes that
97.2% of the building stock is currently not in the energy performance A class and
should be upgraded. Even though some barriers and drivers for sustainable renova-
tion/refurbishment (SBR) have been studied broadly (Jensen et al., 2022), there is
still a need to develop new instruments to increase the volume of SBR and methods
to evaluate such instruments, especially from the perspectives of building users.
This social viewpoint is critical as there is a need for more research that can support
a pull from the demand side, including building owners, facilities managers, and
end-users, to disclose and drive unfulfilled needs and new opportunities (Temeljotov
& Lindkvist, 2021).

SBR is relevant to meet the UN Sustainable Development Goals (SDGs) (Jensen
& Maslesa, 2015; Jowkar et al., 2022). SBR is an action that supports SDG 11,
protection and securing cultural heritage and negative impact on the environment,
and SDG 12 by reducing the primary energy consumption and affecting the circular
economy.

Although accelerated investment in energy retrofitting of the existing buildings
is supported (EPBD 844, 2018), the challenge of climate resilience at the building
level is still high (Kristl et al., 2020). Therefore attention should be focused on cre-
ating adequate guidelines for SBR of the existing stock adapted to future climatic
conditions and user (owner and end-user) inclusion. The EU emphasizes the involve-
ment of citizens in the generation of renewable energy, which can increase social
acceptance and thus enable the low carbon energy transition (Hauge et al., 2019). In
Norway, the White Paper 13 (2010-2011)-Active Ownership, mentioned that
“Utilization, renovation, and refurbishment of existing buildings rather than the
construction of new buildings have a most significant effect on the environmental
carbon footprint.”

A dilemma to renovate or demolish was discussed in many articles. The conclu-
sion is similar that three primary decision-making criteria still exist: cost-driven,
technical building conditions, and regulatory aspects (Alba-Rodriguez et al., 2017,
Bullen & Love, 2011; Shah, 2012). Hagen and Sgrstrgm (2021) consider the higher
investment risks of many refurbishment projects due to unknown factors revealed.
While the economic aspects are still a significant driver (high risk and high eco-
nomic profit), the ecological and societal impact assessments are becoming more
critical in reducing the carbon footprint and developing facilities that add value to
the owner and the end-user’s well-being. SBR is a necessary action to lower the
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building’s carbon footprint. According to Hopkinson et al. (2020), building products
associated with environmental benefits have a massive potential to reuse and rede-
sign existing building products.

The European Green Deal focuses on transforming into a sustainable and circu-
lar economy by reducing greenhouse gas emissions and pollution. Furthermore,
health, life quality, and the generation of new workplaces will also be focus areas
(The European Green Deal, 2019). The taxonomy is one of the cornerstones of the
EU Action Plan for Sustainable Financing is the introduction of EU taxonomy, a
classification system with criteria that define whether an action or a project invest-
ment is considered green or sustainable, thereby reducing the risk of greenwashing
and steering private capital in a green direction. The taxonomy is also introduced to
Norway by January 2022 in large enterprises. This year will be profound to imple-
ment knowledge, a standard syllabus, and adjusted terminology relevant to
Norwegian property owners, investors, and developers.

Although the taxonomy is initially aimed at the financial sector, it will impact
large parts of the market, including buildings and construction (Finansdepartementet,
2021). In terms of SBR and energy efficiency, it is mentioned in the report that tax-
onomy should focus more on the “production phase” and the “recycle phase” of the
life cycle to improve carbon print and achieve better total energy efficiency through
the entire life cycle. To overcome the cost-driven approach of developing a building
to adaptive reuse or a SBR, the taxonomy is seen as a solution to prioritize the
upgrading and modernization of existing buildings.

One of the measures discussed in The European Green Deal is to initiate a wave
of renovation in the construction sector, referred to as a “renovation wave” (The
European Green Deal, 2019). This is due to the great need to take measures on exist-
ing and inefficient buildings. Today, the energy-efficient renovation rate in Europe
is 1%. In addition, only 0.2% of European building stock undergoes deep renova-
tions, where energy consumption is reduced by at least 60%. The goal is to double
annual energy-efficient renovations in Europe by 2030 (European Commission, A
Renovation Wave for Europe - greening our buildings, creating jobs, improving
lives, 2020).

This paper looks at Norwegian property owners’ motivation to do a sustainable
building refurbishment (SBR) or adaptive reuse supporting sustainable develop-
ment. We focus on the owner’s decision base before doing a SBR and discuss the
need for new strategies to be taken in the future in terms of achieving SDGs 11 and
12 at a national level.

12.2 Research Methodology

The aim of this paper is to understand the motivation and decision base of Norwegian
building owners’ motivation of doing a SBR. This was done in two steps. First, a
scoping literature review was conducted looking at the drivers of doing an adaptive
reuse of buildings in terms of sustainability. Secondly, the list was tested on a



168 M. Stgre-Valen et al.

Table 12.1 Characteristics of informants interviewed

Role Informants N=18
Private property Norwegian private property owners that develop properties for rent | 14
owners in Southeast Norway

Public property Oslo Municipality, Oslo University and Statsbygg 5
owners

selection of property owners, the Norwegian Green Building Council members. As
members, they are first and foremost interested in the Green Shift and contribute
toward sustainable development in society. The information among the property
owners was collected by semi-structured in-depth interviews. The informants were
asked questions about what motivates them to do SBR and confronted with the list
found from the literature. Their attitude toward doing SBR, as well as the challenges
that they experienced, was explored. In this paper, we focus on the motivation of
doing SBR and discuss what is suggested to be important strategies to promote SBR
in the future. The findings from the interviews were analyzed and discussed com-
pared to the findings in the literature. The interviews were conducted over a 3-month
period in Spring 2021. The following characteristics of the informants are presented
in Table 12.1.

12.3 Literature Review

12.3.1 Sustainable Building Renovation
and Refurbishment (SBR)

ISO’s definition of a sustainable building is “a building that creates the required
performance and functionality with minimum environmental impact and at the
same time encouraging improvements in economic and social as well as cultural
aspects at local, regional and global levels” (ISO 15392:2008, Sustainability in
Building Construction — General Principles, 2008).

So, when sustainable building renovation or refurbishment (SBR) is discussed, it
addresses the renovation or refurbishment actions that will improve the building
performance to satisfy the users’ needs both socially, functionally, and environmen-
tally. The actions taken should lower the carbon footprint and optimize the building
performance in terms of usability, functionality, and energy efficiency.

Graabak et al. (2014) highlighted the importance of increasing the focus on the
principle of sustainable development of today’s buildings as the building technical
requirements for the buildings continue to increase. The main purpose of the prin-
ciple of sustainable development is to look at the building’s opportunities to meet
the current and future needs for the construction’s purpose. At the same time, they
are having positive impacts on the building’s stakeholders, such as building owners
and users, by looking at the conditions of the environment, the economy, and the
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social developments in context. By putting these three areas in context, one can
ensure that important aspects are considered when designing and building and when
the building is used, which will prevent a unilateral focus on, for example, conserva-
tion in the rehabilitation of protected buildings (Graabak et al., 2014).

According to the report prepared by Selvig (2011), listed inhabitants were hav-
ing difficulties rehabilitating their assets to the current energy standard and achiev-
ing as good energy efficiency as new buildings. The purpose of the report is to show
the impracticality to require equal energy requirements for new and older houses to
achieve reduced energy demand from the building stock. This is illustrated by com-
paring greenhouse gas emissions from an older protected building with high energy
consumption in the operational phase with a new low-energy building where green-
house gas emissions from the production of the building are included. The report
showed which of the buildings contributes to the highest greenhouse gas emissions.
Selvig (2011) mentions that experience in this area indicated that energy use in the
operational phase of a protected rehabilitated building is higher than that of a low-
energy house. However, existing buildings are already built, and emissions per year
from building components are thereby low, seen over the life of the building. In
addition, rehabilitation of an existing building will result in lower energy use than
when new buildings are built, as emissions from the production of the new materials
are already included and negligible emissions from material transport. One way to
reduce greenhouse gas emissions in the protected building can be by changing the
energy used in the operational phase or reducing or changing the energy supply. The
report also sheds light on the level of energy efficiency that the building must have
for greenhouse gas emissions for both types of buildings to be as equal as possible.

The study showed that greenhouse gas emissions due to the operation of the
building could be compensated by the low emissions from material use when reno-
vating the listed building. If a protected building is required to achieve the equiva-
lent amount of greenhouse gas emissions as for a low-energy house, or lower,
energy sources that affect greenhouse gas emissions must be used to a lesser extent.
This can be done by replacing energy sources that use oil, gas, and electricity with
renewable energy sources that use bioenergy, solar heat, and heat pumps (Flyen
et al., 2019).

The criterion for constructing new buildings depends on the national definition
of nZEB. The threshold values for nZEB vary within the EU by between 20 and 100
kWh/m2 per year. This can cause significant differences in how many buildings can
fulfill the activity from one country to another. An unfortunate effect of this may be
that investors will add investments to countries where the requirements are less
stringent since it will provide “greener” portfolios for their own business (Schiitze
& Stede, 2020). There is no national definition of nZEB for all EU member states
(Raux & Fischer, 2021), which is a major challenge. Soares et al. (2017) argue that
the biggest challenge associated with developing the nZEB definition lies in the bal-
ance between reducing energy consumption and efficient energy systems and suit-
ability for renewable energy production.



170 M. Stgre-Valen et al.
12.3.2 The Circular Economy

The scoping literature review searched for what drives building owners to SBR. The
literature says it is necessary to transition to a circular economy to achieve the UN
Sustainable Development Goals (SDG). The circular economy is about the more
prudent and efficient use of resources (Kvale & Norang, 2021). On 11 March 2020,
the EU’s new circular economy action plan was introduced and became an integral
part of the European Green Deal to ensure a cleaner and more competitive Europe.
The construction industry is highlighted as one of the most critical sectors for
achieving these goals, and a separate strategy for the sector is addressed. More effi-
cient use of materials, longer life spans, more recycling, and better waste sorting
were decided to be implemented (The European Green Deal, 2019).

Sandberg and Kvellheim (2021) reviewed several research articles and docu-
ments to understand the circular economy In Norway. They concluded that new
buildings must be designed with a high ability to handle changes using materials
and building components that easily can be reused and demounted. One of the chal-
lenges is that the contractors do not consider that the component should be dis-
mantled and reused one day. However, one practice that has changed in this concern
is that it is common to screw the beams together rather than nail them (Sandberg &
Kvellheim, 2021). As long as components and building parts are not designed for
reuse, there will be a cost related to demounting the parts of the building. Another
challenge is the logistics and storage for those components, which require new
knowledge and competencies in the whole value chain. Sandberg and Kvellheim
(2021) believe there is a future market for environmental consultants and disman-
tling assessments and demolition contractors.

12.3.3 Adaptive Reuse

Refurbishment is about putting older buildings, building parts, technical facilities,
and objects in usable condition, adapted to current regulatory and user require-
ments, but without changing functionality, including repair, restoration, upgrade,
and floor plan construction. Adaptability is the characteristics of a building to meet
the requirements for functionality and the building’s authenticity flexibility
(Finansdepartementet, 2008). Adaptability and usability are important elements in
sustainable upgrading and rebuilding. Buildings with poor functional suitability
combined with poor adaptability constitute a significant challenge. Many such
buildings may need to be demolished. A small, adaptable building, which is suitable
today, will develop into unsuitable and can hardly be justified to upgrade from a
sustainability perspective. According to Finansdepartementet (2008), one can make
a technical upgrade in a short-term outlook for such buildings. However, an incom-
patible building with high adaptability can be refurbished sustainably.
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The reuse of building parts and materials can be cost-saving. There may be a
profit potential in reuse, but at the same time, it is pointed out that anything that
delays the construction process has little value. The price and availability of match-
ing building materials/parts have been identified by Bullen (2007) as a barrier in the
conversion project. This is also in line with the findings of Sandberg & Kvellheim
(2021), as the prices of new building materials have stayed relatively low. This view
is also supported by the fact that several problematic technical regulations stand in
the way of reuse and that strict technical requirements are often disproportionately
resourced intensive. The decision-making authorities’ priority between safety con-
siderations and technical requirements appears particularly unclear in buildings
with protective status.

Before deciding on redevelopment, builders are advised to strategically assess
whether the building should be refurbished in the first place. The principles of sus-
tainability should form the basis for this. High rebuilding costs may indicate that the
building is not adaptable and therefore not suitable for sustainable redevelopment.
Possible ways to regulate this can be by increasing demolition fees, requiring a
demolition plan to document the reused materials and components, stricter regula-
tions for sorting waste, and economic incitements for reusing materials in other
projects (Klungerbo & Sgrland, 2021; Prabowo et al., 2021). According to Ali et al.
(2018), redevelopments’ economic, social, and environmental benefits have made it
an increasingly popular alternative to demolition and new construction. However,
rehabilitation work is often risky and uncertain, and the result is generally less
planned and more challenging to control than is the case for new construction.

Consequently, more coordination and different planning and control methods,
tools, and techniques must be established (Jensen et al., 2022). Ali et al. (2009) note
that rehabilitation work is often completed at high cost and time variations. One of
the main reasons for this is the late discovery of design information. The building
owner should strengthen the information base before construction starts (Ali et al.,
2009). One familiar reuse project in Norway, called KA13, is seen as a role model
project with great success. They identified that the major challenge is time and
resource-demanding to collect information about the products’ properties, qualities,
and hazardous environment content. They also experienced that the components and
building parts are not designed for dismantling and that it is too demanding to plan
and demount components and products for reuse. They experienced that the indus-
try is not mature enough to handle circularity reuse processes (Hagen & Sgrstrgm,
2021; Klungerbo & Sgrland, 2021; Kvale & Norang, 2021).

Bullen (2007) has identified barriers to adaptive reuse and concludes that the
barriers always revolve around costs since (1) conversion is only considered sus-
tainable when costs and benefits are included over the lifetime (life cycle perspec-
tive), (2) the cost of redevelopment may be high and the construction work, (3)
building owners do not consider redevelopment to be economically beneficial, (4)
performance of older buildings and ability to meet current building requirements are
uncertain, (5) maintenance costs may be higher than for new buildings, and (6) price
and availability of matching building materials/parts are uncertain.
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It is believed that the safety authorities should be more flexible in measures on
protected buildings. It is also mentioned that protected buildings often have good
architectural and material qualities and that it is thus worth taking care of these.
“The protection in Norway is perceived as conservative, limiting how much can be
built on or on listed buildings. It can be reversed, but there is little willingness for
the buildings to be transformed from a future perspective. This can prevent increased
utilization, active first floors, etc.” (Klungerbo & Sgrland, 2021; Kvale &
Norang, 2021).

12.3.4 The Motivation of Doing Adaptive Reuse
of an Existing Building

As stated among the researchers, the motivation and drivers of doing adaptive reuse
of an existing building are presented in Table 12.2, based on the findings from the
master thesis of Klungerbo & Sgrland (2021) and further developed adapted by the
authors.

12.4 Results and Discussions

This chapter presents the findings from the interviews of the property owners. The
discussion follows, comparing the results from practice with the findings from the
literature.

12.4.1 Motivation for Doing SBR

The master thesis from NTNU examined the Norwegian property owner’s motiva-
tion for sustainable refurbishment and adaptive reuse projects (Klungerbo &
Sgrland, 2021). They found that property owners will always be cost-driven, so the
main focus is to search for other parameters and motivators to make a project more
sustainable without increasing the cost. The findings are based on interviews among
18 property owners and are presented in Table 12.3.

12.4.1.1 Environmental Impact
Baker et al. (2017) and Fufa et al. (2020) stated that environmental assessments are

important information in decision-making. It is evidenced that property managers
are motivated by how adaptive reuse projects reduce climate gas emissions.
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Table 12.2 Motivation and drivers of doing a SBR, according to the literature

Sustainability
issues Drivers Sources
Environmental | Environmentally friendly Ball (2002), Bullen (2007), Wilkinson (2011),
and reduced carbon footprint | Foster (2020), Fufa et al. (2020)
Less resource consumed Douglas (2006), Highfield & Gorse (2006),
Bullen (2007), Power (2008), Shah (2012),
Baker, et al. (2017), Alba-Rodriguez et al.
(2017)
Branding/symbolism Ball (2002), Shipley et al. (2006)
Social Conserve the social value Douglas (2006), Bullen (2007)
and cultural value of the
building
Positive urban development | Ball (2002), Highfield & Gorse (2006), Bullen
and individual development | (2007), Bullen & Love (2011), Flyen, et al.
(2019)
Protected buildings Highfield & Gorse (2006)
Technical Adaptability is high Shah (2012)
Good technical conditions Alba-Rodriguez et al. (2017), Bullen & Love
(2011), Shah (2012)
Economic Low investment costs Ball (2002), Douglas (2006), Shipley et al.

(2006), Bullen & Love (2010)

Lower material costs

Highfield & Gorse (2006)

Shortened construction time

Highfield & Gorse (2006), Douglas (2006),
Power (2008), Wilkinson et al. (2009), Shah
(2012), Baker (2020)

The building can be in use
under construction.

Shipley et al. (2006), Power (2008), Shah
(2012)

The possibility of adding
more floors

Highfield & Gorse (2006), Douglas (2006),
Wilkinson (2011)

Adapted from Klungerbo & Sgrland (2021)

Table 12.3 The motivation for doing a sustainable building renovation among 15 private and three
public property owners (Based on the interviews conducted by Klungerbo and Sgrland, 2021)

Motivation Responses
Environmental | Reduced climate gas emission 14 of 18
Less resource-demanding 5of 18
Social Increased attractiveness and identity of a community 13 of 18
High user demands 60of 18
Technical A high degree of adaptability 6 of 18
Economic Low cost 30of 18
Short construction time 30of 18
Low cost due to possibility to keep parts of existing buildings | 3 of 18

However, few informants believed that environmental aspects are the only motivator
for practicing SBR, as the cost is always a more robust driver. Besides, many of
them commented that there is an increased awareness of the reduced carbon



174 M. Stgre-Valen et al.

footprint of reusing structural elements and foundations. Several informants stated
that they make greenhouse gas calculations to show the positive or negative impact
of different alternatives, but not as part of the decision-making for SBR as such
calculations are not mandatory today. However, most of them agreed that this is
expected to change in the future due to the implementation of the EU’s taxonomy,
new regulations, and standards.

While the literature argues that SBR is less resource-demanding (Alba-Rodriguez
et al., 2017; Baker et al., 2017; Bullen, 2007; Douglas, 2006; Highfield & Gorse,
2009; Power, 2008; Shah, 2012), only 5 of 18 interviewees agreed with that in prac-
tice. Their opinion is that mostly this depends on the nature of the project. Often, an
SBR project combines reusing some part of a building and demolishing and extend-
ing other parts. Some property owners view a SBR project as complex that requires
knowledge of utilizing existing structures and components and good competencies
to find reasonable solutions. The informants do not necessarily consider a sustain-
ability strategy in all projects, especially in the case of terrible technical conditions.

Similar to the literature by Eray et al. (2019), the property managers mentioned
refurbishment of historical buildings regarding the requirement to protect heritage
components. However, in this case, the involvements of experts become natural and
are doable. Many argue for the complexity in the need to involve both expertise and
stakeholders, which is time-consuming in conceptualizing the project. Eray et al.
(2019) discussed this, pinpointing the scares research of framework and interface
management models of adaptive reuse projects. Their framework focused on circu-
lar economy was tested on adaptive reuse projects, focusing on the dialogue and
exchange of information between the conceptualization, planning, and execution
phases of the projects.

Overall, both the literature and the informants agreed that climate gas calculation
in a particular project could clarify the effect of refurbishment versus demolishing
and add valuable information that can promote sustainable refurbishment.

12.4.1.2 Social Impact

Douglas (2006) and Bullen (2007) argued that transforming an existing building
would add social value and be attractive in their neighborhood. In terms of the social
impact, more than 13 of 18 agreed that SBR leads to the increased attractiveness and
identity of the community. The informants stated that especially in the case of the
projects that include historical buildings, it could be linked with the identity value
for individuals in the area, community, and other users, similarly mentioned in
Kristl et al. (2019) that heritage buildings are vital in terms of transferring cultural
and historical memory. This creates extra motivation for building owners to invest
in the SBR process. In addition, if the site allows an extension, it could provide a
sustainable solution that uptakes the users’ historical values and needs. This is in
line with the findings of Highfield and Gorse (2009).

SBR leads to a positive individual and urban development (Ball, 2002; Bullen,
2007; Bullen & Love, 2011; Highfield & Gorse, 2009). Considering sociocultural
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sustainability, Murphy (2012) looked at the participation, equity, and awareness as
part of the conservation of sociocultural patterns. Even though the goals of conser-
vation, restoration, and renovation look more for the preservation of authenticity to
ensure historical, cultural, and social values (Li et al., 2022), SBR or adaptive reuse
of buildings in an area with poor performance will increase in value and attractivity
in terms of willingness to invest and establish new businesses. This is relevant for
residential spaces, as renovation helps renew poor neighborhoods (Power, 2008).

The respondents agreed that the user demand is important, but only 6 of 18
respondents said that the user demands are a drive for doing SBR. They emphasize
that the users/renter’s attitude is that they require new and fresh workplace facilities
and must be convinced that an SBR project can have the same qualities as a new
building. However, some tenants are more aware of the sustainability aspects as
working in a building that has been through a sustainable refurbishment/develop-
ment will align with the company’s sustainability profile.

This is not found highlighted in the literature as an important driver. However,
Bullen and Love (2011) found that while the building owners emphasize commer-
cial performance, the users focus on the usability of the building (well-being and
productivity). Here, we see the benefit of including the users in finding reasonable
profitable and functional solutions. The informants do not mention this in this
research. However, the property owners are aware of this, as one of them said: “It’s
the tenants that govern the market. If we offer a product that the tenants do not ask
for, we have missed an important point.”

12.4.1.3 Technical Aspects

The technical aspects are always relevant before doing an SBR. However, only 6 of
18 say that the high adaptability is a motivation of itself. In many ways, this reflects
the fact that often the low adaptability, like, low ceiling height, is a limitation that
can lead to demolition instead of SBR. Both Shah (2012) and findings from the
study confirm this. Adaptability is becoming more relevant, but the need for adapt-
ability depends on the building category. In office buildings that are internally reno-
vated every 10 years, when the tenant contract is renewed, there is important to
think about flexible and detachable interior walls and technical solutions that are not
integrated with the walls.

12.4.1.4 Economic Impact

Only 3 of 18 said that an SBR project would reduce cost or shorten construction
time. They argue that in practice, the design phase in an SBR project will take more
time than a new building project as there are many modifications during the process
that takes time to find good solutions. Also, their experience is that the cost typically
increases in an SBR because of many unforeseen actions revealed during the
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process. Another argument is that building materials are reasonably low cost while
labor payments are costly.

Bullen and Love (2011) argued that it will almost always be a more viable option
to use an adaptive reuse strategy from a sustainability perspective. Highfield and
Gorse (2009) also argued that SBR projects give lower costs when considering
whole life cycle costing, including the sustainable outcome in terms of increased
value, energy efficiency, social attractiveness, and well-being. However, Bullen and
Love (2011) also point out the lack of accurate sustainability assessment measures
that hinder making an SBR. Douglas (2006) and Power (2008) argued that demoli-
tion is costly and that SBR will benefit. However, they looked at the main renewal
of residential housing.

Hagen and Sgrstrgm (2021) investigated why refurbishment projects often have
a cost overrun. In their study, they discovered that the building owner lacked infor-
mation about the technical condition, lack of drawings, and information about the
adaptability of the building and lacking strategies for sustainability development.
They recommended early involvement of the contractor and expertise at the strate-
gic phase to improve the decision base before deciding on SBR.

12.5 Conclusions

Motivation for doing an SBR varies in terms of the benefits and added value of the
project. Low competencies of sustainability assessments and cost overrun risk are
the main barriers to doing so. However, the informants confirm earlier findings that
the environmental aspects are important in terms of reuse materials and climate gas
emission. However, there is still a need to develop further incentives and strategies
to increase the profitability and sustainability of adaptive reuse projects. Based on
the Norwegian property owners’ views and what is emphasized in the literature, it
is evident that the EU’s taxonomy, future regulatory requirements, and economic
incentives will be relevant to stimulating and promoting SBR.

The future focus on the circular economy will also promote further SBR proj-
ects. To sum up, the findings that motivate the building owner to do an SBR are (1)
user involvement to increase well-being, (2) technicalities and adaptability, (3) reg-
ulatory requirements, and (4) climate gas calculations.
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Chapter 13
The Best Solution for Renovation in Terms
of Climate and Economy

Terttu Vainio and Eero Nippala

Abstract EU aims to reach carbon neutrality by 2050. Besides energy consump-
tion reduction, also greenhouse gas emissions have to be cut starting from the pro-
duction of materials and construction work through the use phase to the end of the
use of the building. Existing buildings are estimated to provide a high potential for
reducing global warming. This paper focuses on research question, how reasonable
are energy efficiency improvements of existing buildings, as the materials used in
the process produce CO, emissions and increase costs compared with conventional
maintenance. This issue is a part of the Sustainable Development Goal 13 Climate
Action, which integrates climate change measures into national policies, strategies,
and planning and a part of Goal 11 Sustainable cities and communities, which tries
to increase the number of cities and human settlements adopting and implementing
integrated policies and plans towards inclusion resource efficiency mitigation and
adaption to climate change. The carbon footprint of an existing renovated building
constitutes mainly from energy consumption emissions. In life cycle costs, the
deciding factor is investment. If the building was heated by zero-emission ground
source heat, structural renovations would not be worth doing. On the other hand,
structural improvement of energy efficiency is recommendable if a building is con-
nected to district heating (DH). Strong reasons, either endogenous or exogenous,
must exist for replacing an existing building with a new one. They cannot be justi-
fied with the carbon footprint or life cycle costs. These results apply to countries,
where the energy efficiency of existing buildings is reasonably good.

Keywords Deep renovation - Rebuilding - Carbon footprint - Life cycle cost -
Energy efficiency
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13.1 Introduction

EU aims to reach carbon neutrality by 2050 (EU, 2019). In practice, this means that
the greenhouse gas emissions of a Member State may not exceed the carbon sinks
of the country. The EU has made a determined effort to reduce energy consumption
in buildings. In the future, low emissions or even the carbon neutrality requirement
will be extended to cover the entire life cycle of a building, starting from the manu-
facture of materials and construction work through the use phase to the demolition
of the building. Carbon dioxide emissions from the life cycle phases are referred to
as the carbon footprint of a building. The carbon footprint is therefore a narrower
concept than life the cycle assessment (LCA) or environmental product declaration
(EPD), which also takes into account other greenhouse gases and their impact on the
environment.

Economic decision-making has traditionally been strongly based on the com-
parison of alternative investment costs or the cost-benefit analysis, which takes into
account not only the costs but also the achievable benefits. In order to promote
energy efficiency, developers have been recommended to use life cycle costs (LCC)
as a decision-making tool (EU, 2012). If energy prices increase significantly, it will
be worth investing in energy efficiency. Therefore, in addition to investment costs,
developers have been encouraged to assess the operating costs of various alterna-
tives. The outcome of the Swedish study came also to this conclusion in economic
comparison between a zero alternative (no energy efficiency improvement), renova-
tion to a passive house today, renovation to a passive house in ten years, and rebuild-
ing. The most economically viable alternatives were the ones that contain renovation.
Although these alternatives lead to higher investment costs compared with the zero
alternatives, relatively soon they were covered by earnings (Dahlof & Malmros,
2011). Almost a decade later, the Swedish study had the same conclusion.
Renovation is more affordable in terms of life cycle costs. The moderate level, as a
rule, is more cost-optimal than an ambitious repair. The LCC of the energy renova-
tion is highly dependent on the building type and thermal performance prior to
energy renovation (La Fleur et al., 2019). However, renovation is not an option in
all cases. The building may simply be of such poor quality that it is not worth mak-
ing an expensive energy-related investment (Verbeeck & Cornelis, 2011).

The existing building stock is seen as a highly potential target for improving
energy efficiency and reducing climate emissions (Bpie, 2011). Besides positive
planetary impacts, a Swedish study found the positive social impacts of renovation
in terms of the social cost of carbon in the study where renovation and new con-
struction are compared with keeping buildings in their original state (Nydahl et al.,
2022). However, developers have a half-hearted approach to energy efficiency on
account of the fact that, with the current energy prices, repayment times for mea-
sures may amount to dozens of years. For this reason, energy and renovation grants
and benefits linked to energy efficiency agreements have been introduced in order
to promote improvements in energy efficiency (Bertoldi et al., 2020). The question
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has also been raised whether low-profit projects should be supported (Dubois &
Alleker, 2015).

The assessment of the carbon footprint of the life cycle has thus brought new
perspectives to public debate. Can energy efficiency improvements in old buildings
be seen as reasonable as the materials used in the process produce CO, emissions?
How long will it take to compensate for such extra emissions with a more energy-
efficient building or low-emission heating? Is it even worth renovating buildings
when the energy industry is in the process of giving up fossil fuels in energy produc-
tion? The energy produced in a purely centralized manner reduces emissions from
buildings with poor energy efficiency.

A systematic review of case studies that compared the life cycle carbon footprint
of refurbished and new buildings showed that most refurbishments had a lower
footprint and some new buildings performed better than refurbished ones. This
study also shows that on the basis of current evidence, it is still not possible to con-
clusively determine which of the alternatives is preferred (Schwartz et al., 2018).
Another similar literature study focused on buildings located in northern latitudes
and found 15 comparisons between renovation and rebuilding (Huuhka et al., 2021).
A summary of the comparisons was that renovation is less carbon over a short time
span, but often also over a longer time span. Rebuilding may become more low-
emission in the long term if a highly energy-efficient new building and a weak exist-
ing building have been paired. Long carbon investment compensation time is
problematic from the perspective of combating climate change and mitigating its
effects. This is the case also in the Swedish million program era buildings. The
study of them came to the conclusion that the renovation of the current building
clearly had the least climate impact compared to demolishing and building a new
building, assuming 50 years life span (Eskilsson, 2015).

The question is now topical for apartment buildings built in the 1960s and 1970s
from precast concrete units. With the society urbanizing at the time, a great number
of such buildings were built. Construction techniques that made use of industrial
precast concrete units were developed to satisfy high demand, but their quality and,
in particular, architecture have proved inferior to those of buildings dating back to
the previous periods. Many buildings absolutely need the renewal of their facade
and potable water pipelines (Nippala & Vainio, 2017). At the same time, due to
energy and climate targets, the energy efficiency of buildings should also be
improved. Additional measures will increase repair costs to the extent that demoli-
tion and rebuilding will become viable alternatives to renovation.

Upgrading the existing stock to reduce CO, emissions cheaply, quickly, and eas-
ily would be invaluable in shaping future housing policy. All referred researchers
reminded that further analysis is needed for example carbon footprint and building
embodied energy content. Instead, centralized energy production, decentralized
energy supply, and micro-combined heat and power production (CHP) can change
the outcome of energy analyses on what is the best option in terms of costs and
climate impacts (Power, 2008).
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13.2 Research Question and Method

What is the best development scenario for the economy and the environment regard-
ing apartment buildings dating back to the 1970s: to carry out only the necessary
technical repairs or a large-scale renovation which, in addition to technical repairs,
would improve energy efficiency, or the demolition and replacement by a new
building?

The method of research is a case study. The case is a typical 1970s concrete panel
building. Four development options are being tested for it. For alternatives, carbon
footprint and life cycle costs are calculated by standardized methods.

Option A: Maintenance. The exterior walls of the building will be subjected to
surface finishing, with the water and sewer systems being renewed. Old windows
are replaced by new windows. With regard to the heating system, measures are
taken to maintain its operation, which include the renewal of the heat exchanger and
automation system, as well as the balancing of heat distribution. After these mea-
sures are taken, the energy class of the building will be C.

Option B: Deep Renovation. Building exterior walls will be further insulated,
with the windows and water and drainage systems being renewed. The energy effi-
ciency of the heating system will be improved with a new heat exchanger and heat
recovery for the ventilation system. The building will remain connected to the dis-
trict heating system because it is the predominant heating method for apartment
buildings in urban areas. Renovation meets the energy efficiency requirements and
the share of renewable energy. After renovation, the energy class of the building
will be B.

Option C: Concrete Rebuilding. The old building will be demolished and a new
building of the same size made of precast concrete units will be built. As the new
building meets the current energy efficiency requirements set for new A-class con-
struction, it will also be equipped with a heat recovery system and solar panels. The
new building will also be connected to the district heating system. Its energy class
will be A.

Option D: Wooden Rebuilding. The old building will be demolished, with a new
wooden block of flats being built in its place. In terms of energy efficiency, it will be
equal to option C, that is, its energy class will be A.

For all four options, the carbon footprint is calculated in accordance with the
calculation guidelines issued by the Finnish Ministry of the Environment (Kuittinen,
2017) by using national emission coefficients (CO,-data, 2021). As emissions are
calculated for 30 years, there is no need for the replacement of building parts. The
sensitivity of energy production’s global warming potential has been tested in four
scenarios. Scenario 1 emission coefficients are the same as set in the Finnish long-
term Renovation Strategy for 2020 (Ministry of Environment, 2020; Energy year,
2021) and will not change in 30 years. Scenario 2 takes into account in emission
coefficients the cleaning of energy production when fossil fuels are replaced by
renewals in order to make Finland carbon neutral by 2035 a reality (Koljonen et al.,
2019). Scenario 3 is an accelerated scenario 2 to allow district heating production to
get out of fossil fuels imported from Russia. In scenario 4, district heating (DH) is
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replaced by ground source heat (GSHP) in all options. The default coefficient of
GSHP performance is 2.9.

Life cycle costs are calculated for 30 years by using EU rules (EU, 2012).
Renovation costs and new building costs (investment cost) are typical for this build-
ing type (The Housing Finance and Development Centre of Finland (ARA), 2022).
The residual cost has been calculated based on the technical life of the buildings
(Rakennustieto, 2008). The level of maintenance costs of the property is based on
statistics (Finance of housing companies, 2021). The sensitivity of costs is exam-
ined using two different energy prices which indicates the price level 2021-2022
(Nordpool, 2022), and three different assumptions of energy price development and
alternative discount rates as well. Interest rate options have been set at a level suit-
able for public investment and private low-risk investments (Streicher et al., 2020).
The 30 years chosen for the review period is an EU recommendation for cost-
optimality reviews in residential buildings (EU, 2012). The baseline situation of the
case under consideration and the significant variables of alternative development
strategies are summarized in Table 13.1. The calculation assumptions and variables
are summarized in Table 13.2.

This analysis uses constant euro. Prices do not contain the effect of inflation but
represent a standard price level, that is, the purchasing power of the selected base
year. To discount them, a real interest rate will be used.

Table 13.1 Description of scenarios

B. Deep C. Concrete D. Wooden

Unit | A. Maintenance | renovation rebuilding rebuilding
Total floor area | m? 3000 3000 3000 3000
U-value of \ 2.5 1.0 1.0 1.0
windows m’K
U-value of walls | W/ 0.4 0.29 0.17 0.17

m’K
U-value of roof | W/ 0.4 0.4 0.09 0.09

m’K
U-value of \ 0.4 0.4 0.16 0.16
basement m’K
Heat recovery % - 65 65 65
Heating - DH/GSHP DH/GSHP DH/GSHP DH/GSHP
Heat kWh/ | 200/70 70/25 55/20 5520
consumption m?
Auxiliary kWh/ |5 5 5 5
electricity m?
Other electricity | kWh/ |30 30 30 30
(exl. from LCC) | m?
Energy class - C B A A
DH
Investment cost | €/m*> | 600/700 1000/1100 3000/3100 3300/3400
Residual value | €/m?> 275 425 2350 2350
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Table 13.2 Calculation assumptions

Variable Unit Value
Lifespan of building/calculation period

Scenario A, B ala 50/30

Scenario C, D ala 100/30
Interest rates

Basic Jola 3

Sensitivity Yola 0and 6
Energy price incl. taxes

Electricity cent/kWh 10/20

District heating cent/kWh 10/20
Energy price development

Basic 9ola 2

Sensitivity Yola 0and 4
CO, emissions year 2020/year 2050

Electricity g/kWh 65/12

District heating g/kWh 160/45

Maintenance cost €/m?, a 6

Maintenance cost development 9ola 2

Swiss research (Streicher et al., 2020) uses 3% as a discount rate. This rate was
considered too low for companies awaiting returns. On the other hand, the study
showed that a discount rate of more than 8% caused energy investments to be no
longer profitable. The study used 30 years as a time span, justifying it to be typical.
Similarly, the same 30 years is the recommendation of the European Commission
for the period considered (EU, 2012).

The price of electricity in Finland has been at a level of 30-40 €/ MWh for a long
time. Electricity transmission and taxes raise the unit price by 10 snt/kWh (Energy,
2022). At the beginning of the year 2022, price level has been stable at 10 €/MWh.
In the year 2021, NordPool’s price has ranged from zero to 60 €/MWh. At the begin-
ning of the year 2022, the Russian invasion and economic sanctions have not pushed
prices as high as did dry summer in the Nordic countries. The price of district heat-
ing has changed since 1996 to about 30€/MWh for 2022 approx. 85€/MWh (Energy,
2022). Used district heating price 10 snt/kWh is at the same level as 2022-2023
becoming heating prices. Giving up fossil fuels pressures to raise prices.

13.3 Results

13.3.1 Carbon Footprint

In options A and B, emissions from materials and construction work are low
(Table 13.3). Typically, renovation measures can be done without heavy, high-
emission materials. Compared with options A and B, in options C and D emissions
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Table 13.3 Carbon footprint of options A, B, C, and D over 30 years by energy scenarios 1, 2,
3,and 4

Unit Option A | Option B | Option C | Option D

Building materials and construction |kgCO,/m? |25 40 340 240
Energy scenario 1 kgCO,/m* | 1000 355 285 285
Energy scenario 2 kgCO,/m? | 510 180 145 145
Energy scenario 3 kgCO,/m?> | 435 155 125 125
Energy scenario 4 kgCO,/m* | 70 30 25 25

Carbon footprint 1, total kgCO,/m? | 1025 395 625 525
Carbon footprint 2, total kgCO,/m?* | 535 220 485 385
Carbon footprint 3, total kgCO,/m? | 460 195 465 365
Carbon footprint 4, total kgCO,/m? | 100 75 370 370

are caused by the demolition of the old building and the construction of new build-
ings. With the emission coefficients of the current energy generation, described by
energy scenario 1, the emissions of materials would be almost irrelevant in renova-
tion options (A, B), and about half the emissions of rebuilding options (C, D). As
energy production abandons fossil fuels, either in a planned (energy scenario 2), or
accelerated (energy scenario 3) time frame, the materials’ proportion of emissions
will increase.

Apartment buildings are typically located in cities, and connected to the district
heating network (DH). District heating could be replaced by a property-specific
ground source heat system (GSHP, energy scenario 4). Heat harvested from the
ground is emission-free, and the operation of heat pumps uses electricity. The maxi-
mum cumulative emissions have Option A Maintenance, which heating energy con-
sumption is nearly twice as much as other options. In terms of emissions, the order
of alternatives from the lowest carbon footprint to the largest would change to B, A,
C, and D. In DH energy scenarios 1-3, option A owned the largest global warming
potential in a 30-year period.

In DH scenarios 1-3 rebuilding options C and D need 10 years or more to com-
pensate for emissions of demolition and materials of new buildings (Fig. 13.1).
GSHP scenario 4 emission savings of A-energy class new buildings are not suffi-
ciently compensated material emissions in a selected 30-year period.

13.3.2 Life Cycle Costs

The case building is either connected to district heating (Table 13.4) or heated by
ground source heat (Table 13.5).

If there is no return expectation for investment, zero may be used as a discount
rate for life cycle calculation. The zero interest rate, but a brisk rise in energy prices
makes option A: maintenance the most affordable. Of course, low energy prices or
even free energy (GSHP) support option A.
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Energy scenario 1: cumulative emissions kg CO, Energy scenario 2: cumulative emissions kg CO,
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Fig. 13.1 Cumulative emissions of options A, B, C, and D by energy scenarios 1, 2, 3, and 4

Table 13.4 Net present value (€) of options over 30 years if building is connected to DH network

Energy price 10 snt/kWh Energy price 20 snt/kWh
Option Interest rate +0% +3% +6% +0% +3% +6%
A 0% 1215 1070 966 1850 1493 1268
B 1062 1141 1147 1294 1295 1258
C 1090 2317 2790 1276 2440 2879
D 1390 2617 3090 1576 2740 3179
A 2% 1448 1199 1041 2317 1750 1420
B 1147 1188 1175 1465 1389 1314
C 1159 2354 2812 1413 2516 2923
D 1459 2654 3112 1713 2816 3223
A 4% 1796 1385 1147 3012 2123 1632
B 1274 1256 1214 1719 1526 1391
C 1260 2409 2843 1616 2625 2985
D 1560 2709 3143 1916 2925 3285

Higher discount rates are used if there is a return expectation for the investment
or a loan has been used for financing, the interest of which should be paid. If the
interest rate is higher than zero and the energy price is either 10 snt/kWh 20 snt/
kWh or free (GSHP), option B: deep renovation improves its competitiveness. The
advantage of renovation options A and B arises from investment costs. Although
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Table 13.5 Net present (€) value of options over 30 years if the building is heated by GSHP

Energy price 10 snt/kWh Energy price 20 snt/kWh

Option Interest rate +0% +3% +6% +0% +3% +6%
A 0% 912 902 874 1144 1057 984

B 1022 1148 1181 1115 1210 1225
C 1082 2345 2839 1159 2396 2875
D 1382 2645 3139 1459 2696 3175
A 2% 997 950 901 1315 1151 1040
B 1056 1167 1192 1184 1247 1247
C 1110 2360 2848 1216 2428 2894
D 1410 2660 3148 1516 2728 3194
A 4% 1124 1018 940 1569 1288 1117
B 1107 1194 1208 1285 1302 1279
C 1153 2383 2861 1301 2473 2920
D 1453 2683 3161 1601 2773 3220

new buildings consume less energy, it is not enough to repay higher investment
costs over a period of 30 years. It is the higher investment costs that are the reason
why option D: wooden rebuilding remains in last place in comparison to life
cycle costs.

13.4 Discussion

For the first time, the Energy Performance of Buildings Directive adopted a position
on improving the energy efficiency of old buildings in 2010. Due to this and climate
concerns, the environmental perspective has also been strongly involved in the offi-
cial steering of construction and property management. In the first phase, the focus
was on energy consumption and greenhouse gas emissions created during use. For
these, the steering emphasized technical feasibility, economy, and functionality.
Another guiding principle was combining improvements in energy efficiency
improvements with other repairs that would otherwise be made. For example, an
intact facade need not to be touched, but if it needs repairs due to damage, at least
improving heat insulation should be considered.

The most recent perspective included in the steering is the carbon footprint of the
building’s life cycle. Based on this study, the carbon footprint and life cycle costs
can, but not always, coexist in harmony. Timber construction provides an exception;
it has a small carbon footprint but is somewhat more expensive than concrete con-
struction. The cost-effectiveness of concrete in apartment building construction
stems from determined development work which began in the 1960s. Regarding the
construction of wooden apartment buildings, technological development is lagging
behind in industrial-scale construction.
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This study has sought to provide an answer to the question of what should be
done with apartment buildings dating back to the 1970s, which need renovation.
The options examined were A: maintenance, B: deep renovation, C: concrete
rebuilding, and D: wooden rebuilding. For these scenarios, carbon footprints and
life cycle costs were calculated. Compared with the current new buildings, the
energy consumption of a building of this age is three times higher.

Based on the carbon footprint and life cycle costs, option A: maintenance is
rather competitive. This option is often excluded in studies if the focus is on the
reduction of energy consumption and emissions. In Finland, however, the alterna-
tive is relevant because energy efficiency has been taken seriously since the 1970s
oil crisis. If the expected life of the building is limited, it is the recommended choice
in all respects. However, in terms of the carbon footprint, district heating should be
replaced with a ground-source heat pump. Heat pumps are also recommended by
other studies (Niemeld et al., 2017; Hirvonen et al., 2021). If the building has an
expected long life span, the recommended scenario is B (deep renovation). This
option is particularly favored from an environmental point of view, as has been
found in other studies (Huuhka et al., 2021; Hasika et al., 2019).

Scenario C (Concrete Rebuilding) has a large carbon footprint. Scenario D
(Wooden Rebuilding) has high life cycle costs. The adoption of these solutions
requires strong arguments. The change from embodied and operational energy con-
sumption to global warming potential has not changed the outcome of comparisons
in 10 years (Nippala & Heljo, 2010; Dahlof & Malmros, 2011). These naturally
include serious damage or interior health hazards. The decision of demolishing a
building and build a new, larger one may also be based on the fact that the location
has untapped potential. For example, a new building multiplies the amount of floor
area in an attractive location. In addition, when taking into account the difference in
sales prices or rent levels between old and new apartments, replacing the old build-
ing with a new one may be a clearly profitable choice.

Even, if buildings may look similar to each other, they are also individuals. There
is a great number of endogenous and exogenous factors. Their combination deter-
mines the choice between conservation, renovation, or rebuilding (Verbeeck &
Cornelis, 2011; Schwartz et al., 2018; Vainio & Nippala, 2019).

In the spring of 2022, one major exogenous factor is the EU’s goal of getting rid
of fossil fuels imported from Russia. Fossil fuels are used in combined heat and
power production (CHP). District heat is an excellent form of heating but only if the
energy source is renewable. The foundation of the Kyoto pyramid is structural
improvements before changing the heat source. These good principles may be worth
bargaining and betting on the electrification of heating, since it is easier to find zero-
emission propulsion for heat pumps than enough renewable energy sources for
large-scale district heating. This potential development has been seen many years
ago (Power, 2008).
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13.5 Conclusion

The main conclusion from the comparisons of carbon footprints and life cycle costs
is that the lower energy consumption will not be able to pay back their higher car-
bon or financial investment compared with the renovation of existing buildings.
European Energy Crisis 2022 may not change the mutual competitive situation of
alternatives. The increase in energy prices will also increase construction costs as
well as the economic and social risks that hold back investment in new
construction.

Most of the carbon footprint in the options comes from the emissions of opera-
tional energy. The crucial factor in life cycle costs is renovation or construction
costs. From both perspectives, option B: deep renovation proved the most advanta-
geous option. Environmentally, it loses its affordability for option A: maintenance if
the selected heating means is GSHP. As a result of option B: deep renovation, the
building will remain a building from the 1970s. With regard to the housing market,
this means that housing sale prices and rents will remain at a significantly lower
level compared with renovated or completely new buildings. Strong reasons, either
endogenous or exogenous, must exist for demolishing an old building, that is,
implementing option C: concrete rebuilding or option D: wooden rebuilding. They
cannot be justified with the carbon footprint or life cycle costs.

The study has been carried out in the climate conditions of northern Europe,
where energy is consumed for heating buildings. However, this has been taken into
account in building technology, because, as a rule, old buildings are heat-insulated
and equipped with three glass windows, for example. Such endogenous properties
of buildings and, exogenous properties accountable to location, limit the general
applicability of the results. As they are, they are best applied to the Baltic Sea coun-
tries. One finding that is more broadly applicable to Europe indicates that, in the
terms of carbon footprint, renovation is the most profitable option. Strong argu-
ments must exist for demolishing a building and replacing it with a new one.
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Chapter 14

Multi-objective Genetic Algorithm
for the Time, Cost, and Quality Trade-Off
Analysis in Construction Projects

Marco Alvise Bragadin, Luca Pozzi, and Kalle Kidhkonen

Abstract Project management methods and practice address project success and
the well-known “iron triangle” targeting time, cost, and quality trade-off have great
importance in this process. Quality optimization, including safety and sustainabil-
ity, plays a key role in construction project management choices. Since the relation-
ship between quality, time and cost can be different from case to case, an application
of artificial intelligence (AI) has been proposed for this purpose. The objective of
the research work in this chapter is to demonstrate that Al applications can help
project managers the trade-off between time, cost, and quality objectives. A com-
prehensive approach concerning three estimates of time, cost, and quality of project
activities is proposed to optimize project performance in construction. The pro-
posed approach implements a genetic algorithm (GA) to optimize project perfor-
mances, with the aim of creating a decision support system for construction project
managers. Genetic algorithm is an Al application that creates a learning optimiza-
tion process that discards worse solutions and re-introduces better solutions to
search for an optimal or sub-optimal solution. Therefore, time, cost, and quality
trade-off can be performed by a multi-objective genetic algorithm that evaluates the
effectiveness of various combinations, selecting better solutions with an iterative
process. Therefore, the most suitable balance between the three project targets can
be achieved. A simple case study of a deep renovation project of two residential is
presented to evaluate the proposed approach with a sample application. This study
contributes to the understanding of Al applications for construction management.

Keywords Construction - Project Management - Genetic Algorithm - Project
planning - time-cost-quality trade-off
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14.1 Introduction

Construction quality is the essence of a construction contract. Time and cost are
other main objectives of project control activities, as clients and contractors in the
construction industry are primarily concerned with quality, time, and cost of proj-
ects. Nevertheless, quality identifies the overall level of performance of the desired
building facility or civil infrastructure, therefore quality can include sustainability
items. This is a key component in addressing the SDG — Sustainable Development
Goal of the United Nations, no. 9 — Building resilient infrastructure, to promote
inclusive and sustainable industrialization and foster innovation (United Nations,
2015). Construction project completion must achieve targets concerning the required
level of quality, timely completion, and budget limits. Nevertheless, traditional
approaches to construction procurements are based upon cost parameters (i.e.,
lump-sum contracts) with time and quality constraints, or cost and quality parame-
ters with time constraints, and traditional project control is mainly concerned with
time and cost control as addressed by the earned value (EV) methodology (ISO
18045:1, 2010). Competitive bidding for construction works for the Design — Build
approaches often ask to minimize construction costs and project durations, and
more recently also to maximize construction quality (Anderson & Russel, 2001;
Kandil & El-Rayes, 2006). These are the traditional Project Manager’s objectives,
often described as the “Iron Triangle” (Atkinson, 1999). In terms of construction
project success, most of the research works focus on few Key Performance Indicators
(KPI), for instance, timely completion, under-budget completion, meeting quality
criteria, safely completed work, and client satisfaction. Nevertheless, still most
important KPIs are ones concerned with time, cost, and quality (Demirkesen &
Ozorhon, 2017). Therefore, construction project managers are used to select a com-
bination of construction technologies and resource usage that minimizes cost and
time while maximizing quality. This is termed the time-cost-quality trade-off prob-
lem (TCQT) (Zhang & Xing, 2010). Since the relationship between quality, cost,
and time is uncertain, and a model of the behavior of these factors can be different
from case to case (if exists!), an artificial intelligence (AI) application has been
proposed with the purpose of demonstrating that Al applications can help project
managers in performing project management processes concerning trade-off
between time, cost and quality objectives. As a secondary objective, the positive
results of the application confirm that the proposed genetic algorithm-based Al pro-
cedure addresses such issues successfully. Artificial intelligence is playing a core
role in the Fourth Industrial Revolution, providing significant productivity improve-
ments via analyzing large datasets quickly and accurately, and the optimization of
construction management problems via genetic algorithms has been largely
addressed by pertinent literature. Genetic algorithms indeed create a learning-based
optimization process because better solutions are re-introduced in the iterative opti-
mization process while worse solutions are discarded. Therefore, an optimized solu-
tion can be found in a reasonable amount of time, that is, the algorithm converges to
better solutions, even if sub-optimal (Darko et al., 2020). This chapter contributes to
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the understanding of AI applications for construction management. A proposal con-
cerning the application of genetic algorithm-based optimization for time, cost, and
quality trade-off has (TCQT) been presented. This chapter is organized as follows.
The literature review and the theoretical basis are described in the following sec-
tions, addressing genetic algorithms methodology and the time, cost, and quality
trade-off (TCQT) problem of construction management. Then the proposed proce-
dure is described within the Pilot study application section. Gained results are dis-
cussed in the Sect. 14.5.

14.2 Genetic Algorithms for Time, Cost, and Quality
Trade-Off in Construction: A Literature Review

The use of genetic algorithms (GAs) was introduced by J. H. Holland (1975) as a
research method based on the mechanics of natural selection and natural genetic of
Darwin’s Evolutionary Theory. Later, Goldberg (1989) developed further the GAs
approach in the field of automation engineering. GAs have been implemented in
many engineering, operations research, and optimization problems, for instance, the
Travelling Salesman Problem (Mitchell, 1996; Razali & Geraghty, 2011). A genetic
algorithm is a global and stochastic research method termed “genetic” because of
the mutual terminology from genetics, a branch of biology. It is a probabilistic
search procedure designed to work on large spaces involving states that can be rep-
resented by mathematical strings (Goldberg & Holland, 1988). A genetic algorithm
can be used with the aim of planning and controlling the activities of a project as
they are search and optimization tools that assist decision-makers in identifying
optimal or near-optimal solutions for problems with large search space. Genetic
algorithm is an artificial intelligence application proposed in the literature to opti-
mize construction management problems that creates a learning optimization pro-
cess that discards worse solutions and reintroduce better solutions to search for an
optimal or sub-optimal solution (Mitchell, 1996). Genetic algorithm methods have
been used by many researchers in literature as an optimization technology to address
Architecture, Engineering, and Construction (AEC) optimization goals as for
instance construction scheduling, and cost optimization. Most of the Al techniques
used in the AEC sector are GAs (Darko et al., 2020). Construction Engineering and
Management benefit from GAs because of Intelligent Optimization, meaning the
task of searching for the optimal solution to minimize or maximize an objective
function subject to a set of constraints. This problem can be divided into two ver-
sions. The simple version is the single objective optimization to identify a single
optimal alternative, while the complex one is the multi-objective optimization to
simultaneously optimize more than one objective function with a set of feasible
solution (Pan & Zhang, 2021). Few researchers focused on the problem of the eval-
uation of the global quality of a project or a system by means of a quality indicator,
and the development of a time-cost-quality trade-off procedure is seldom the
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objective of research papers. Babu and Suresh (1996) suggested that project quality
can be affected by project crashing for minimal cost search. Time—cost trade-off can
have effects on quality and therefore a time-cost-quality trade-off is needed. Time is
considered the independent variable and quality can be computed with cost con-
straints. Khang and Myint (1999) tested the Babu and Suresh approach with a case
study of the construction of a cement factory in Thailand, highlighting key problems
and difficulties faced. A major limitation of the method is that only a very small
portion of the overall quality of a work package has a direct relationship with time
and cost performances. Quality can be measured through a global quality KPI,
termed Quality Index, and based upon a Quality Breakdown Structure (QBS) of the
project. The QBS-developed approach builds on the “Quality-Based Performance
Rating System” of the American National Cooperative Highway Research Program
(NCHRP) (Anderson & Russel, 2001) for contractors’ qualification. QBS aims at
evaluating the final quality of the products of the construction process, with a
performance-based approach. Therefore, a set of quality indicators are detected to
evaluate the final product quality. With the aim of improving construction quality,
El-Rayes and Kandil (2005) presented a multi-objective optimization model that
supports decision-makers in creating an optimal resource optimization plan that
minimizes construction cost and time while maximizing its quality. An automated
optimization system for construction resources termed MACROS, was implemented
(Kandil & El-Rayes, 2006), and the time, cost, and quality trade-off algorithms
were developed by genetic algorithms. Following this research line, El Razek et al.
(2010) addressed the TCQT problem by the implementation of a java programming
code, AMTCROS, based upon a genetic algorithm. San Cristébal (2009), instead,
proposed an Integer Programming model which enables meeting quality output
standards and time and cost objectives respectively. Addressing artificial intelli-
gence applications, Zhang and Xing (2010) presented a fuzzy-multi-objective par-
ticle swarm optimization to solve the time—cost—quality trade-off (TCQT) problem.
Dong et al. (2012) presented a new GA-based method that automates construction
schedule generation, with the objective of minimizing time or cost, taking into
account engineering and space constraints. Later, Faghihi et al. (2014) developed a
computer application that can automatically derive a statically stable construction
schedule by data extraction from a BIM model using the concept of genetic algo-
rithms. In the field of Information Technologies, Mishra and Mahanty (2016) indi-
cated that the optimization of project cost, schedule, and quality for a software
development project in an outsourcing environment, can be studied with a system
dynamics simulation approach. Kyriklidis and Dounias (2014) addressed the
resource leveling optimization problem with an evolutionary algorithm (GA) in the
project management field, while in the specific construction sector, Monghasemi
et al. (2015) proposed a Multi-criterion decision-making approach that identifies all
global Pareto optimal solutions by a multi-objective genetic algorithm. Sorrentino
(2013) applied GAs to a time, cost, and quality optimization problem for project
scheduling of road construction, while Tiene et al. (2018) investigated a similar
application for the selection of design alternatives for a building envelope. Liu et al.
(2019) presented a GA-based optimization for the Resource-Constrained Project
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Scheduling problem that enhances the evolution strategy by proposing modified
operators for selection, crossover, and mutation. Hiun et al. (2021) developed a
multi-objective optimization tool for modular unit production lines based on genetic
algorithms that assumes that the duration of activities on a production line in modu-
lar construction depends on the number of workers and reducing construction dura-
tion and labor cost will be the optimization objectives. Soman and Molina-Solana
(2022) presented a novel Look-Ahead Schedule generation method that uses rein-
forcement learning algorithms and linked data-based constraint checking to help
construction planners as decision support systems. The output schedule is compared
with the one generated manually, with the critical path method, and with the modi-
fied GA by Liu et al. (2019). Therefore, time, cost, and quality trade-off can be
performed by a multi-objective genetic algorithm that evaluates the effectiveness of
various combinations, computing better solutions with an iterative process. At the
end of the process, the most suitable balance between the three project targets can
be selected between the outputs by project managers.

14.3 Proposed Procedure

Genetic algorithms usually start by generating an initial population of possible solu-
tions, called individuals. This generation of individuals is based upon a random
approach. Every individual of the population is coded in the form of a string, called
chromosome. Then, each chromosome is assessed by calculating its fitness value by
the objective function, and chromosomes are sorted depending on their fitness val-
ues. The best individuals are selected as parents, creating a sequence of new popula-
tions, termed generations (Holland, 1975; Goldberg, 1989; Mitchell, 1996).
Therefore, the basic structure of a genetic algorithm involves cyclic operations that
simulate the evolutionary process of a population. Each loop represents one genera-
tion and each new population generated is formed by better and better individuals.
Five phases are considered in a genetic algorithm: initial population; fitness func-
tion; selection; mating (crossover/mutation); termination (Mitchell, 1996)
(Fig. 14.1). The GA proposed implementation is based upon a table that reports
needed data. In the pilot study, the database is a set of construction activities. Each
activity can be defined by a set of three parameters, namely time, cost, and quality.
The performance of an activity depends on the quality of input products, the fitness
of the built component and the building systems, the number and quality of work-
manship, and working procedure. The direct cost of the activity and its duration also
depend on these variables. Therefore, it is possible to individuate different perform-
ing alternatives for each activity, depending on the chosen set of time, cost, and
quality indicators. A table summarizes for each project activity the alternatives
related to activity duration, activity cost, and quality (Figs. 14.2 and 14.3). Therefore,
each project activity includes three possible options for its development that creates
a search space of thousands of possible solutions. The definition of different per-
forming alternatives depends on the following set of data:
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The following three KPIs have been defined for each activity: quality indicator,
time indicator, and cost indicator.

14.3.1 Quality, Time, and Cost Indicators

The Quality Breakdown Structure (QBS) of a construction project enables the
objective evaluation of the overall construction quality through quality items mea-
surement (El-Rayes & Kandil, 2005; Kandil and El-Rayes, 2006). The development
of a QBS for a construction project provides the capability of estimating the overall
construction quality performance at both the activity and the project levels being in
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Fig. 14.3 Pilot study quality breakdown structure and data sets

relation to the Work Breakdown Structure WBS (Fig. 14.3). In the pilot study, the
quality breakdown structure has been integrated with the Work Breakdown
Structure, meaning that for every work package of the WBS, a Quality estimate has
been evaluated. Then the quality estimate of the activity has been weighted to find
the overall project quality assessment. The quality weighting of the activities of the
WBS was developed taking into account the cost proportion of each activity to the
overall project cost (El-Rayes & Kandil, 2005). The Quality KPI, representing the
overall quality of the Construction Project, can be estimated as the sum of the qual-
ity estimate of each activity of the project, weighted to represent the importance and
contribution of the quality of every activity to the overall quality of the project
(El-Rayes & Kandil, 2005; Kandil and El-Rayes, 2006; Bragadin & Kahkonen,
2013). For each activity of the Work Breakdown Structure (WBS) a quality weight
is identified: the weight (Qwi) of the activity to represent the importance and contri-
bution of the quality of the single activity to the overall quality of the construction
project (El-Rayes & Kandil, 2005; Kandil and El-Rayes, 2006; Bragadin &
Kahkonen, 2013). The Qwi indicator can be calculated with the following Eq. (14.1):

QWi=Cib/C (14.1)

where C = overall cost of construction project; Cib = baseline cost of the activity (i);
Qwi = weight of quality of activity (/) compared to other activity in the project.
Then the quality index weighted (Qi) is calculated with the following Eq. (14.2):

Qi = Qei x Qwi (14.2)
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where Qi = Quality index weighted, of the activity (i); Qwi = weight of the quality
of the activity I on the overall quality of the project Q; Qei = Quality estimate of the
activity (i).

The construction project quality KPI, representing the overall quality of the
Construction Project, is estimated as the sum of the quality of each activity of the
project weighted to represent the importance and contribution of the quality of every
activity to the overall quality of the project. The relative weights of the activities of
the sample project can be found in Fig. 14.3 (El-Rayes & Kandil, 2005; Kandil and
El-Rayes, 2006; Bragadin & Kahkonen, 2013).

The time indicator of each activity of the project is its duration. The duration of
the activity can be computed based on labor hours and crew members of each activ-
ity (Bragadin et al., 2018).

Di = MHi/nm (14.3)

where Di = duration of the activity (i) in hours; MHi = total labor estimate of the
activity (i) in manhours; nm = number of members of the working crew of the
activity (i).

The cost indicator Ci for each activity (7) is the building price as detected from
an official price list for public works (Regione Lombardia, 2011). The different
design alternatives for each activity entail different initial products and different
building procedures as indicated by the official price list. All design alternatives are
suitable solutions for the final building products, meaning that the product alterna-
tives generate activity alternatives consistent with building design and processes
(Bragadin et al., 2018).

14.3.2 Computation Procedure

An initial random selection of options for each activity is performed and the corre-
sponding objective function is computed. Next, GA uses genetic operators such as
crossover, which divides two initial solutions exchanging their chromosomes to
generate new solutions; mutation, which simulates the effect of random errors; and
elitism, which maintains the best individual in the next generation or substitutes the
son with the parent if it gives a better performance. The new solution is computed
again, and the results of the objective function are compared with the previous ones.
The best solutions are selected to improve the fitness function. Each solution has a
fitness value different from the others and the best solutions are selected for future
generations while worse solutions are set aside (Mitchell, 1996) (Fig. 14.2). The
goal of the proposed procedure is to develop a multi-objective model that will help
the decision-makers to select the alternatives for each project activity that will mini-
mize construction cost (prices) and construction total duration while maximizing
project quality (TCQT). Therefore, the proposed fitness function depends on the
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three WP parameters (time, cost, and quality) weighted (Bragadin et al., 2018). The
following Eq. (14.4) is proposed:

Fitness:max(CJXKC+Q]§Kq+T1XKtJ (14.4)
where Cj is defined by the following:
Ci=1- 2.Ci—Cmin (14.5)

Cmax — Cmin

where XCi is the total cost of each i work package of the project (i = 1, 2, 3, ....n)
of each j generation (j=1,2,3, ...... m) and m is the number of generations.
Qj can be found by the following equation:

n

Qj (14.6)
where ZQi is the total sum of quality indexes of each i work package of the project
(i=1,2,3, ....n) for the generation j and n the total number of work packages of the
project.

Tj is the time parameter found for the j generation, defined by the following:

Tj=1-NTdj (14.7)
where NTd is the normalized total duration:

TDj— Tmin

NTdj=
! Tmax — Tmin

(14.8)

where TDj is the total project duration found by network diagramming and critical
path computation for the generation j. TDj is the maximum duration found by criti-
cal path analysis comparing each total duration TDjk of a single path k of the gen-
eration j composed by the work packages ik belonging to the k network path:

TDj = max TDjk (14.9)

The weighting parameters k., k, and k, can range from 0 to 1 for cost, quality,
and time, respectively. Aiming at balancing the three parameters, the following
values have been set: k. = 1, k, = 1, and k, = 1. The final evaluation of the found
solutions can be performed by comparison with the maximum and minimum set
limits of the three parameters, termed Coao, Cuins Tmaxs LTmine Qmax, @nd Quin
(Table 14.1).
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Table 14.1 Limit values of total project alternatives

Total project values Maximum limit Minimum limit
Total project duration Tmax = 1067 (h) Tmin =714 (h)
Total project cost Cmax =€ 113.309,99 Cmin = € 64.668,68
Total project quality index Qmax =109.1% Qmin =94.5%
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Fig. 14.4 Network diagramming of the pilot study project
14.4 Pilot Study Application

A GA-based algorithm has been implemented with Solver®, an add-in of MS
Excel® (FrontlineSolvers, 2022). This application can explore the solution space
very quickly and is able to identify a set of optimal solutions. The purpose of the
pilot study is to test the proposed GA-based procedure. The pilot study consists of a
small building renovation project that has been used also in a previous paper by the
authors but processed with another computer application (Bragadin et al., 2018).
For each work package of the pilot study, three different commercial product options
have been considered and the corresponding activity durations, costs, and quality
performances have been detected from a public works price list (Regione Lombardia,
2011). Quality indexes have been evaluated straightforwardly as product quality
and its suitability for use (Fig. 14.3). Therefore, the proposed time—cost—quality
trade-off procedure has been implemented using Solver®-based genetic algorithms,
with the aim of finding a set of optimal solutions for the building construction proj-
ect. Found data for each work package are presented in the following text.

The pilot study has 21 Work Packages (WP), and each has three possible alterna-
tives of time, cost, and quality for project activities. The possible combinations of
these alternatives create a large space of search, where each solution in this space
can be a possible option for project delivery. A project model has been implemented
with network diagramming. Therefore, critical path analysis can be performed, and
total project duration can be found for each project alternative of the pilot project.
Nevertheless, the search space is not 32! because of different subpopulations that
constitute the structure of base data of the problem, that is, different paths of the
network (Fig. 14.4). Therefore, each possible path from project start to project finish
constitutes a subpopulation, termed species. Within species, that is, single path, per-
mutations of different WP alternatives are possible only after satisfaction of prece-
dence constraints between succeeding WP.
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No alternative permutations are possible between different species because of
the structure of chromosomes, that is, the number of WP of each network path. The
chromosome of a species is created by time, cost, and quality data of each chosen
WP alternative belonging to a network path. The limit values of total project alterna-
tives can be found by time-based computation of the critical path method (Fig. 14.4)
and total sum of the cost and quality data of the project (Fig. 14.3). Minimum and
maximum total values of the three project parameters, time, cost, and quality, can be
found by manual computation of the corresponding alternatives of each WP
(Table 14.1). Please note that the six limit values found in Table 14.1 belong to six
different project alternatives. The aim of setting the min/max limits of each indica-
tor is to assess the boundaries that define the min/max performance of project alter-
natives indicated by the outputs computed by the GA-based procedure.

Therefore, the Solver® application has been set for the specific problem using
the evolutionary algorithm. The network diagram and the working options of the
pilot study have been formalized in Microsoft Excel. The maximum number of
generations has been set to 100 and the maximum time without improvements to
100 seconds. The best-found optimized result in the case of balanced weights
(Kq=1,Kc =1, and Kt = 1) is the following: fitness value = 0,34,853, total project
duration = 720 (h), total cost = € 64.668,68, and total quality index = 97,38%.
Further testing of the developed model will be needed to assess its effectiveness in
case of more complex projects with multiple environmental constraints.

14.5 Discussion and Conclusions

The well-known iron triangle of main project objectives, namely time, cost, and
quality is of capital importance for project managers in construction, but balancing
these three parameters for actual projects can be difficult because of the unknown or
complex function linking all of these three parameters. With the aim of demonstrat-
ing that Al applications can address the TCQT problem, an innovative GA optimi-
zation has been developed and implemented with Solver®. Actual data of a pilot
study concerning the expected duration of each work package WP, its quality index,
and its cost have been detected, and three possible performing alternatives of the
WP were developed. Therefore, the overall performance of the whole construction
project, with the processing of all the work packages was simulated taking into
account the possible different alternatives of activity duration, cost, and quality. The
time estimate was developed by means of a CPM- based activity network, while the
total cost estimate was the sum of the cost of all work packages, and the overall
project quality index was estimated as the normalized sum of quality indexes of all
work packages. The aim of the optimization is to find automatically (or semi-
automatically) a balance between the time, cost and quality project objectives via
genetic algorithm computation. When developed and implemented, the Evolutionary
Algorithm extracts randomly one work package alternative for all the activities, thus
creating a chromosome for each species (i.e., a path of the network model) of the
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project for each generation, and computes its suitability by fitness equation. New
generations are then created and the found solutions in terms of total project dura-
tion, total cost, and total project quality are compared with the previous ones by
fitness function computation. The fittest generations are maintained and developed,
and the others are set aside from the evolutionary process. As a critical point, the
developed implementation of a genetic algorithm needs a new and complex approach
in project modeling to reach the result in terms of fitness of the final generation.
Actually, the GA approach is of complex implementation and in comparison with
the practical approach of construction managers need surely a greater effort in terms
of model creation and computing. But the possibility of development of an Al com-
puter application with this purpose creates a new perspective. Another key point of
the proposed approach is the definition of the fitness function. The fitness function
plays a major role in selecting the developed new generations, and therefore directly
affects the procedure outputs. Actual data for a pilot study simulation of a building
renovation project of two residential apartments have been used to demonstrate the
possibility of implementing a GA-based optimization of project objectives, and the
found results are consistent with the initial assumptions in terms of ranges of time,
cost, and quality values. The limits of the research work are the single application to
a small case study. Surely, the development of large actual project, with hundreds
(or thousands) of activities is almost impossible with the presented computer appli-
cation. Nevertheless, the use of Al applications and of genetic algorithms was pre-
sented as a possibility for understanding and mastering in an advanced manner the
time-cost-quality trade-off (TCQT) in construction projects. The developed proto-
type and gained results represent proof-of-concept research based on which we are
able to estimate the viability of this technology for the described purpose. Therefore,
the application of the proposed approach can help construction managers to improve
project quality, its timely implementation, and compliance with budget limits.
Building sustainability can be understood as an aspect of quality, and sustainability
itself is a fundamental requirement of construction projects as addressed by SDG
goal no.9 — Building resilient infrastructure, this work can help to improve inclusive
and sustainable industrialization and foster innovation (United Nations, 2015).
Therefore, the application of the proposed approach can improve the quality and
sustainability of constructed facilities by optimizing the time, cost, and quality
trade-off. Future research work will be aimed at testing further the developed pro-
cedure with the imposed constraints and more complex projects.
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and 3D Printing in Construction

to Support Sustainability
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Abstract This chapter presents a literature review and conceptual study of 3D
printing of concrete in lean and sustainability perspectives. Three research ques-
tions are addressed. (1) What are expected challenges in practical applications of 3D
printing of concrete; (2) To what extent can 3D printing of concrete support lean
construction principles; (3) What are possible sustainability implications from
applications of 3D printing of concrete in the construction sector? On the first ques-
tion, we find that there are still a number of challenges that need to be addressed to
move 3D printing from test sites to integrated use in construction projects. The
integration of a 3D printer in the building process is then investigated using sce-
narios; facade elements and self-insulating wall elements. On the second question,
we find that lean techniques provide for coordination and good information flow. If
the information flow and planning process is taken care of in this manner, 3D print-
ing can be successfully integrated into most larger construction processes and sup-
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port sustainability in the construction sector. Regarding the third question, 3D
printing can contribute to achieving several UN Sustainable Development Goals
(SDGs), for example through the reduction of waste and more efficient use of natu-
ral resources, which is also related to the objective of lean construction. This means
that lean appears to be a suitable approach for sustainable construction, and this
paper discusses how 3D can be used as a technology to support the ambition of
moving the construction industry in a more sustainable direction.

Keywords Additive manufacturing - 3D-printing - Lean - Construction

15.1 Introduction

This paper studies the use of three-dimensional (3D) printing in construction proj-
ects from a lean perspective. In the construction industry, additive manufacturing
has emerged as an interesting option that can change how projects are done. As a
consequence of the current movement toward digitization and automation, the
industry is under pressure to re-think and renew its use of technology (Olsson
et al., 2021).

3D printing is a type of additive manufacturing. Additive manufacturing relates
to the process of joining materials to make objects from 3D model data, usually
layer upon layer (Dietrich et al., 2019). Synonyms include additive fabrication,
additive processes, additive techniques, additive layer manufacturing, layer manu-
facturing, and free-form fabrication (Astm 2792).

Since 2015, the UN has sought a more desirable future in 17 areas of concern,
called Sustainable Development Goals (SDG). Additive manufacturing aims to con-
tribute to several of these. 3D printing is actively contributing to SDG 9 (industry,
innovation, and infrastructure), which aims to upgrade infrastructure and retrofit
industries to make them sustainable, with increased resource-use efficiency and
greater adoption of clean and environmentally sound technologies and industrial
processes, with all countries taking action in accordance with their respective capa-
bilities. 3D printing is relevant also for SDG 12 (Responsible consumption and
production) which aims to achieve sustainable management and efficient use of
natural resources. In both cases the contribution of additive manufacturing is
through a reduction of waste and more efficient use of natural resources, achieving
a transition to more sustainable construction methods. There is a growing trend in
the use of more sustainable building materials and systems, so that in the construc-
tion sector, additive manufacturing may be displacing other construction systems
with similar technical characteristics but with worse environmental values. As
pointed out by Francis and Thomas (2020), lean and sustainability have common
goals of promoting resource efficiency and reducing waste.

The purpose of this paper is to analyze 3D printing in a lean perspective and to
discuss practical applications of 3D printing of concrete in the construction sector.
The three research questions (RQs) of the study are:
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RQ1. What are the expected challenges in the practical applications of 3D printing
of concrete?

RQ2. To what extent can 3D printing of concrete support lean construction
principles?

RQ3. What are the possible sustainability implications from the applications of 3D
printing of concrete in the construction sector?

15.2 Applied Method

This study was performed as a part of the EU-funded research project HINDCON. To
begin with, an extensive literature review was done on practical experiences from
3D printing of concrete for applications in the construction sector. This search
included sustainability aspects. Lean construction and lean principles in general
were known to the authors form before, but the literature search included a special
focus on lean and 3D printing.

The paper uses two scenarios to illustrate how the construction sector can be
affected by the implication of such technology: facade elements and self-insulating
wall elements. The building elements used in the scenarios were all selected based
on a workshop in 2016 concerning the applicability of 3D printing techniques. The
discussion concerned building elements where the use of 3D printing techniques
could realize elements with additional or better properties. The workshop resulted
in a list of building elements that may be produced with the HINDCON printer and
where this technology is likely to find usage. The paper also utilizes work in the
HINDCON project especially targeted on sustainability considerations of the
applied 3D printing technology.

15.3 3D Printing of Concrete

15.3.1 Additive Manufacturing with Concrete

Guaman-Rivera et al. (2022) found ongoing experimentation with 3D printing in
construction and challenges related to the readiness of the technology. Currently,
there are three large-scale additive manufacturing processes targeted at construction
and architecture in the public domain, namely Contour Crafting, D-Shape, and
Concrete Printing (Lim et al., 2011). All three have proven the successful in the
manufacture of components of significant size and are suitable for construction and/
or architectural applications. Contour crafting and concrete printing are both extru-
sion techniques while D-Shape is more like normal printing where a binding agent
(water) is printed/sprayed onto a bed of compacted cement mix powder.
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Concrete printing is based on the extrusion of cement mortar, and the process has
been developed to retain three-dimensional freedom and has a smaller resolution of
deposition, which allows for control of internal and external geometries.

15.3.2 Printing Structural Elements in Concrete

The setting or hardening of concrete is a chemical process that takes time. Maximum
strength of concrete is usually considered to be the strength it has attained after
28 days of curing, but how fast the curing process is depends on the type of concrete
and additives. For 3D printing purposes, it is important that the concrete retains
shape after extrusion and cure fast enough to carry subsequent layers without defor-
mation. On the other hand, the time between printing subsequent layers may
decrease the strength of the bond between layers significantly, due to curing of the
surface of the deposited layer. There is a time window for depositing a new layer
depending on the stability of the previous layer due to rheological behavior and the
fast concrete cure, enough to bear the weight of the new layer, and the time until the
previous layer becomes less chemically active and thus result in a weaker bond.
Experimental testing by the Eindhoven University of Technology (Salet et al., 2017)
suggests a framework of three components (printable concrete, 3D printer, and print
geometry) for describing a 3D concrete printing (3DCP) system where each of these
components constitutes a range of parameters and variables.

Bos et al. illustrate the interdependencies of the components in a 3DCP system
(Bos et al., 2016). They describe that the buildability of layers is limited as new lay-
ers add weight on top of the structure and thus depend on the stiffness and strength
of the printed green layers. Fast-setting concrete mixes can eliminate this problem.

A simple straight stacking of layers is complicated. Cantilevering layers repre-
sent another type of problem with 3DCP. The contact surface between extruded
strings (Gosselin et al., 2016) is another issue. In spite of this, 3D printing is
interesting.

In 3D printing, the design, material, process, and product properties are recog-
nized as interdependent. This interdependency is more pronounced when 3D print-
ing in concrete, due to the slow setting reaction of concrete (Bos et al., 2016).

15.3.3 Reinforcing 3D Printed Elements

Concrete as a material has high compressive strength and low tensile or ductile
strength. For most types of structural elements concrete needs reinforcing with
other materials. Traditionally this is done by building a frame in rebar steel and cast-
ing concrete around it. Adding glass, steel, or carbon fibers to the concrete mix as
well as some other additives may reduce the need for reinforcements, but these
additives increase the cost of the concrete, and fibers increase the difficulty of
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pumping. There are also reported trials of embedding steel wire in the printed con-
crete layers to increase ductile strength.

With today’s technology, there seem to be three different options for making
structural elements in 3DCP:

e Limit the use of 3DCP to compression-loaded elements such as domes, arcs, and
straight decorative columns.

* Use 3DCP to print an outer shell for the structure to be used as a mold/lost form-
work. The shell will then be filled with traditional reinforcement and concrete
and the shell is integrated into the structure.

 Print the structure with reinforcement integrated into the element on the x/y plane
(horizontal at printing) and leave holes to be filled with tensioned steel wire or a
rebar/concrete mix along the z axis (vertical).

15.3.4 Production of 3D-Printed Elements

The cycle time of the printer will in most cases be less than the curing time of the
concrete. Effective use of the 3D printer then dictates that the printed structure must
be moved after finishing printing (or the printer must be moved). This implies that
the printed element must have cured adequately to withstand vibrations and small
shocks in the movement without deformation.

At the building site, the finished 3D-printed structural elements will usually need
to be lifted in place. The use of lifting equipment will introduce stresses to the ele-
ments other than the forces that will be working on it in the final assembled position.
Unless the elements are left to be fully cured before assembly, it is thus necessary to
evaluate the strength of the structure while it’s not fully cured and with respect to
other forces than it will be subjected to in the final position. The alternative is to set
aside time to allow the elements to fully cure before assembly.

15.3.5 3D Printing and Sustainability

There are several potential advantages for 3D printing in a sustainability perspec-
tive. Environmental impact can be reduced by minimization of material waste,
which is of particular interest, given the high carbon footprint of concrete. 3D print-
ing can produce less waste and use less materials (Rael and San Fratello, 2011;
Berman, 2012; Achillas et al., 2015). Additive construction such as 3D printing can
also reduce emissions related to transport (Achillas et al., 2015; Strauss, 2013).
Muiioz et al. (2021) did a life cycle assessment (LCA) on a concrete 3D printing
system. Their study included a complete supply chain of the 3D printing equipment,
operation, and end-of-life, based on real data from a demonstration plant installed
in Spain. The results showed that 3D printing can have a lower environmental
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impact than traditional construction for small production series. If the same struc-
ture needs to be produced in larger volumes, their results indicated that 3D printing
and traditional production have a similar environmental impact.

15.4 Lean Construction

Lean construction (LC) is the continuous process of eliminating waste, meeting or
exceeding all customer requirements, focusing on the entire value stream, and pur-
suing perfection in the execution of a constructed project (Diekmann et al., 2004).
LC principles represent the implementation of major concepts to drive changes,
such as increasing transparency and defining the value stream. The literature con-
tains a number of attempts to define lean principles for construction (Koskela, 1992,
2000; Koskela & Howell, 2002; Hook & Stehn, 2008; Towill, 2008; Jgrgensen &
Emmitt, 2009).

The synthesis of these studies results in the following set of lean construction
principles: (1) define and deliver the value for customer systematically; (2) reduce
complexity and variability; (3) eliminate non-value-adding activities; (4) achieve
continuous process flow; (5) increase the output flexibility; (6) continuous improve-
ment and knowledge building; and (7) leadership for lean implementation.

15.4.1 Lean Construction Processes

Construction projects consist of several phases, including project design, product
design, process design, procurement, and on-site installation (Ballard, 2008).

The first phase, project design and planning, includes alignment of customer and
stakeholder purposes, definition of the project, concept design, and planning of the
activities. Lean projects are structured and managed as a value-generating process
for customer, with minimized number of steps. Activities are synchronized through
all steps, focusing on flow as opposed to productivity.

The second phase, lean product and process design deal with aligning product
and process design, considering the alignment of values, concepts, and criteria.
Lean design actively involves the client, user, stakeholders, and suppliers. Value and
waste consequences of decisions are made transparent at the design stage, exploring
alternative solutions with maximum design space flexibility.

The third phase, Lean procurement and supply chain management, consists of
detailed engineering, fabrication, and delivery of materials. Lean procurement
includes principles such as establishing a supply network at the best value for the
customer, reducing purchasing and supply lead times, simplifying material manage-
ment processes, and pulling materials from the supply network as needed from the
workplace.
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Finally, lean construction/ assembly/on-site installation begins with the delivery
of the materials and information to the site and deals with the on-site installation of
materials, completing the construction, and commissioning. Lean assembly aims to
standardize the work and quality of the outcomes on site.

15.4.2 Lean Construction Tools

Tools allow the implementation of principles, such as the use of information-sharing
indicators and safety instructions. In this section, the term tools also incorporate
methods, practices, and techniques. Different tools address different principles at
different phases of the projects. Chief Engineer System (Morgan & Liker, 2006)
facilitates the lean principle of defining and delivering the desired value for custom-
ers, by front-loading and involving the customer at the product development phase.

Last planner system (LPS; Ballard, 2000) aims to eliminate the non-value-adding
activities, by introducing a pull-based production control system at the construction
site. A big room (or Obeya room) that gathers all the important information from a
project and supports knowledge building and sharing (Oppenheim, 2004) is an
example of tool that supports the principle of continuous improvement and knowl-
edge building. Takt time control (Duggan, 2013) in make-to-order industry a bottle-
neck activity is often chosen (or even made) to control the output from a production
line. The Takt is simply defined as the desired output from the activity divided by
the time to make one unit. By placing this bottleneck late in the value chain two
things are achieved: a predictable rate of output from the production line and a focal
point for the coordination of inputs.

According to Carvajal-Arango et al. (2019), the implementation of lean con-
struction practices can have positive effects on all three dimensions of sustainabil-
ity; economic, social, and environmental. They point out that several of the
established lean construction practices have documented positive effects in the three
dimensions of sustainability. Related to 3D printing, those of particular interest
include modular construction, BIM, and Concurrent Engineering. El Sakka and
Hamzeh (2017) applied the lean construction tool value stream maps to compare 3D
printing with traditional production and found a 60% reduction in lead time, along
with reductions in cost, reduction of waste, and improved quality.

15.5 Case Illustration of Manufacturing and Logistics Flow
for 3D-Printed Structural Elements

3D printing offers great advantages to traditional place-built formwork and prefab
elements when it comes to relatively cheap and effective customization of building
elements. Compared to place-built one-of-a-kind structures this new technology
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offers customization at a lower cost by either printing the formwork in support
materials or by integrating the formwork in the structure. On the other hand, the lead
time of a 3D printed structural element that first must be printed as a shell, cured,
filled with reinforced concrete, and cured again, will be substantial. The cost and
properties of the elements will depend on what materials are used but can generally
be thought of as more expensive. With the relatively long lead time from manufac-
turing the element to assembly, lean production governed by pull mechanisms is
also not easily achieved. The following is a discussion of the industrial application
of 3D printing to four different building elements that are used for illustration of the
applicability of 3D printing.

15.5.1 Facade Elements

The ability to make freeform creative elements without costly formwork makes 3D
printing in concrete an obvious choice for fagade elements. 3D printing also offers
new opportunities compared to prefab elements in that these facade elements may
be unique without adding additional costs. However, facade elements often have
double functions in that they in addition to being aesthetically pleasing also is part
of the building load-bearing structure and also provide the building with thermal
and acoustic insulation and the necessary protection against external weather condi-
tions, and also the transmission of other loads such as wind. Facade elements thus
often need to be reinforced to have the necessary tensile/ductile strength. The neces-
sary strength may be achieved by leaving holes in the printed element and filling
these holes later with either tensioned wire or reinforced concrete.

The cycle time of the printer for printing large building elements will for practi-
cal purposes be shorter than the curing time of the same elements. This implies that
the printed elements need to be moved from the printer before they are fully cured
to free up the printer for other tasks. On the other hand, moving “green” elements
represent the risk of deformation due to shocks and/or vibrations. To reduce this
risk, the elements should be printed on pallets that may be moved by shock-free
transport equipment. Heavy lift equipment of this type is available and in use in
shipyards.

Another consideration concerning the strength of the fagade elements is stresses
during lifting into the final position. These are different from the forces the elements
will be subjected to as part of the building. It’s also likely that lifting may take place
while the concrete is not fully cured due to variations in curing time due to external
factors like weather, temperature, and humidity. The standard way of designing with
all stresses accommodated by the reinforcement will also work with 3D printed ele-
ments but may limit the artistic freedom in designing the elements as the openings
in the form must be available for reinforcement after printing.

All issues described above will cause long lead time, which makes the produc-
tion process not very suited for lean thinking. Just-in-time delivery of the element to
the building site must be initiated long before delivery and cannot accommodate
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late changes in the design. Some time may be saved in the process if the design of
the element can use tensioned wires as reinforcement.

On the other hand, the production process for facade elements represents an effi-
cient way of creating unique building features that would take costly and time-
consuming formwork to produce in any other way. Precast elements are usually
standardized for obvious reasons and place-built forms/scaffolding are both costly
to erect and sometimes dangerous to fill. Some reports that 50% of the building time
and cost of new building is formwork and reinforcement. Using 3D printed items as
lost formwork for a one-of-a-kind precast fagade element will thereby be a more
efficient way with respect to today’s technology.

15.5.2  Self-Insulating Wall Elements

The wall elements discussed here will not be load-bearing. Load-bearing walls
imply reinforcement by rebar or other high tensile/ductile materials. Walls may be
printed as lost formwork and also for load-bearing walls, but such elements will not
be self-insulating as they will be filled later with reinforced concrete.

The idea behind a self-insulating wall is to leave enclosed air in the structure to
provide insulation. Insulation may be achieved by leaving empty space between an
inner and outer wall or fill the space with other insulating material. In both cases,
the inner and outer walls need to be connected in a way that does not leave thermal
bridges but holds the wall elements together. One way of achieving this is to print a
third surface inside the outer layers that connect to the inner and outer walls at alter-
nate points. This way the thermal distance between the inner and outer walls will be
greater than the distance between the surfaces of the element. Gosselin et al. (2016)
describe how a slight change in designing how inner and outer walls are separated
can reduce heat transfer by 58% in their example.

The advantage of printing wall elements rather than using pre-cast elements lies
in the possibility of curved surfaces and other integrated design elements in the
structure of the wall. Precast elements are usually made lying flat on tables that are
flipped over when the first surface is cured before the next surface is cast. The con-
nection between the two surfaces is usually made by rebar steel which is also
employed for lifting purposes.

The technique of 3D printing wall elements in concrete opens new possibilities
in architectural design. Using traditional methods curved surfaces are costly and
take a long time to make. Decorations and ornaments integrated into the walls also
imply place-built molds which similarly add time and costs. With 3D printing, the
process of making a curved and ornamented wall is the same as a straight wall. As
an added benefit, the wall can be made self-insulating in the same process.

The production process, however, must include time for curing. The wall ele-
ments must be made sometime before they are assembled. Changes or other events
that may happen while the element is curing will thus lead to rework. All these
issues again make it difficult to implement lean principles.
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15.6 Discussion

The ability to produce building elements directly from 3D model is possibly the
most attractive feature of 3D printing in concrete. This opens up for almost zero-
material waste in the production. This is well aligned with the philosophy of lean
construction, which is based on strategies to reduce all types of waste in production,
time, and effort. The basis for 3D printing and lean construction to support sustain-
ability in construction is therefore in place.

There are, however, still two limitations to 3D printing of concrete that are not
resolved by today’s technology that inhibit working directly from BIM models. The
first obstacle is the inability to reinforce the elements in all directions. As has been
pointed out earlier, only reinforcement along the printed concrete strings is possible
today whether this is done by adding fibers to the concrete or embedding wire in the
concrete strings. For reinforcement in the vertical plane (when printing) holes must
be left in the structure to be filled by either reinforced concrete or post-tensioned
steel wires.

Post-tensioned wires need to be mounted in brackets supported by concrete that
have achieved high compression strength. The throughput time of a structure printed
this way will thus include time for the curing of the concrete. The curing time for
the printed concrete will vary depending on the type of concrete and additives.

The other obstacle is that holes or channels in the horizontal plane need to be
closed at the top. Unless the diameter of the hole or channel is small compared to
the width of the printed string, this is difficult to achieve without support. A possible
solution may be to print clay in the hole or channel that may be washed out when
the concrete is set, but that implies a second extruder with a change of extruder for
each layer to be printed. Another solution could be to insert supports when the chan-
nel or hole is closed. The hole or channel would then be square at the top.

The best way is probably to print technical wall elements with most channels or
holes in the vertical plane. Some wall elements may then be printed with layers that
are vertical in the final position. Unless the wall element is supposed to take up
some tensile/ductile forces, this will probably not be a problem. The maximum
ductile/tensile strength of the element is limited anyhow both from the limited pos-
sibilities of including reinforcement along the layer and because of the possibility
of layer separation with no reinforcement between layers. Technical wall elements
that need tensile/ductile strength are likely to be produced by using the 3D print as
lost formwork that is filled with reinforced concrete after curing.

Efficient use of the 3D printer presupposes moving elements out of the printer
before they are cured. As wall and wall elements are relatively thin and high and
thereby unstable, moving “green” elements is an added risk. A longer curing time in
the printer, thus increasing the cycle time of the printer, and/or extra transport sup-
ports might be needed. The lead time from starting printing the element to assembly
will anyhow include time for curing as the element should be cured before assem-
bly. Filling the structure with reinforced concrete to achieve tensile/ ductile strength
will add time as the printed form need to cure before filling. Unfortunately. a long
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lead time from start production to finished element means that the process does not
lend itself easily to lean production.

Carvajal-Arango et al. (2019) found only few papers that directly related lean
construction to sustainability. Adaloudis and Roca (2021) identified some chal-
lenges from a sustainability perspective because their findings indicated that incen-
tives to invest in 3D printing were not mainly related to the environmental benefits,
but rather to the technology’s potential to increase automation and thereby moderate
a shortage of skilled labor in the construction sector.

15.7 Conclusions

In the following, we address the defined research questions of the study.

15.7.1 Expected Challenges in Practical Applications of 3D
Printing of Concrete?

Our first research question addressed what challenges that can be expected in practi-
cal applications of 3D printing of concrete. While 3D printing and other types of
digitalization have the potential to change the construction project process, there are
still a number of challenges that need to be addressed to move 3D printing from test
sites to integrated use in construction projects. This paper has studied such a change
of projects in a lean perspective.

The main attraction of 3DCP is the possibility to produce almost any shape with-
out first building a mold or form for the concrete. Formwork and reinforcement in a
modern building are reported to account for up to 50% of the building time and
proportionally high costs. Being able to “disregard” the costs of nonstandard shapes
will in addition give architects greater freedom in how they design new building
artistically.

However, as described by Salet et al. (2017), 3D printing is a process between the
3D printer, the printable concrete, and the architectural design. At present, there
exists some knowledge of what can be printed but how the design may limit or
extend these printing capabilities is still unknown. By integrating fibers in the con-
crete mix some ductile strength may be achieved along the direction of the extruded
concrete. At present this limits in most cases the use of 3D printing applications to
create “lost formwork™ or molds to be filled with reinforced concrete.

Printing time and to some extent also curing time depend on the size of the ele-
ment. The production time on any element will depend on what is being made and,
as pointed out by Bos et al. (2016), there exists an interdependency between the
material, printing process, and design that introduce uncertainty to estimates.
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15.7.2 3D Printing and Lean Construction Principles

Our second research question relates to how and to what extent 3D printing of con-
crete can support lean construction principles. Lean production focus on flow and
just-in-time delivery. As printed concrete needs to mature before use, it is not well
suited for lean thinking. There will always be a delay between producing the ele-
ment and assembling the structure This means that the design must be finalized
before starting a print and will not accommodate changes without rework.

The complexity of integrating the production with a 3D printer in the building
process demands robust and versatile planning and control. The principles and tools
of Lean construction (Moujib, 2007) may support this role. The hierarchical struc-
ture of the Last planner tool for long-, mid-, and short-term planning combined with
the pull-based start of production renders integration with the current situation in
the building process possible. Lean construction techniques can provide for coordi-
nation and good information flow. Provided that the information flow and planning
process is taken care of, 3D printing may be integrated into most larger building
processes, which probably will be needed to deliver the potential sustainability
benefits.

A 3D printer is typically aimed at producing unique elements, so buffer stocks of
standard elements are not possible. In fact, a 3D printer is close to the lean ideal
with little or no changeover between different products. Emphasis is thus needed on
production planning and control. The recommendations are to make use of the con-
current engineering methodology combined with the lean practices, a broader scope
on each of the phases in the construction process, and information hubs and big
rooms (Aasland & Blankenburg, 2012).

15.7.3 Sustainability Implications from Applications of 3D
Printing of Concrete in the Construction Sector

Finally, the third research question addresses possible sustainability implications
from applications of 3D printing of concrete in the construction sector. The reduc-
tion of waste is a key sustainability argument in favor of 3D printing. It is docu-
mented in previous studies that a 3D-printed object can have a lower environmental
footprint, compared to traditional construction processes. 3D printing can contrib-
ute to achieving several UN Sustainable Development Goals (SDGs), including
SDGs 9 and 12. One key contribution that aligns well with lean philosophy and
supports sustainability is a reduction of waste and more efficient use of natural
resources. However, this and previous studies indicate that the 3D printing technol-
ogy is still relatively novel, and it may still take some time until it makes significant
contributions to a more sustainable construction industry. But we need to work to
get there.
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Chapter 16
BIM Adoption Processes: Findings
from a Systematic Literature Review

Kaleem Ullah, Emlyn Witt, and Irene Lill

Abstract Significant improvements in the performance of the construction indus-
try have been expected from Building Information Modeling (BIM) and this has led
to widespread attempts at its adoption. In parallel, there has been growing interest
among researchers to examine BIM adoption processes together with the constraints
they face, and this suggests that there is now a need for an up-to-date, state-of-the-
art overview of BIM adoption research. The purpose of this study is to review and
analyze existing BIM adoption research in order to synthesize their findings and
derive an overall understanding of BIM adoption processes. To achieve this purpose
a systematic review methodology was followed. The scope of the review is limited
to academic articles written in English that are focused on BIM adoption processes
and the factors affecting BIM adoption. A total of 410 relevant articles comprising
mainly exploratory surveys and case studies on BIM adoption were identified and
reviewed. Content analysis of the articles resulted in the classification of BIM adop-
tion literature into project, organization, and industry levels and classification of
factors affecting the BIM adoption process. This research has implications for prac-
tice and research that the classification of factors that affect the BIM adoption pro-
cess can be used to help analyze BIM adoption in different organizations.

Keywords Building information modeling - BIM adoption - Construction industry
- Literature review - Content analysis

16.1 Introduction

BIM as an innovative technology offers various potential benefits, and as a result,
BIM adoption in the AEC/FM industry is on the rise, particularly in recent years
(Ullah et al., 2019). It is believed that BIM implementation can also assist in
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achieving the UN’s Sustainable Development Goals (Umar, 2021) particularly
SGGY (Industry, Innovation, and Infrastructure) and SDG 11 (Sustainable Cities &
Communities) through its applications in visualization, energy simulations, life
cycle assessments, and collaborative working environment.

The term adoption is often used interchangeably with implementation and is
defined by Rogers (1983) as “a decision to make full use of an innovation as the best
course of action available”. Based on Roger’s Diffusion of Innovation theory,
Hochscheid and Halin (2018) described the BIM adoption process as a five-stage
process, that is, awareness about BIM followed up by possible intention toward it,
decision to adopt BIM, implementation, and confirmation to continue the use of
BIM. In recent years academic research in the area of BIM has increased, including
studies investigating the BIM adoption process. Research related to BIM adoption
has mainly focused on motivation or readiness towards BIM (Juan et al., 2017),
practical case studies of BIM implementation (Shibeika & Harty, 2015), implemen-
tation frameworks (Kouch, 2018), maturity models and adoption rate (Succar &
Kassem, 2015), and factors affecting BIM adoption (Ahuja et al., 2020). These stud-
ies provide useful insights about various aspects of BIM adoption; however, there is
still a scarcity of research that holistically review BIM adoption processes in proj-
ect, organization, and industry wise and factors (drivers and impediments) affecting
it since given scattered in these studies. Recently, many review studies have been
carried out on BIM research for instance, Gao and Pishdad-Bozorgi (2019); how-
ever, most of the reviews were concentrated on certain BIM applications such as
energy analysis, knowledge management, BIM for facility management, BIM for
sustainable construction, and BIM for existing buildings. Consequently, this
research is aimed to systematically review studies that were performed particularly
on BIM adoption to state the current state of the BIM adoption research and factors
affecting it.

The remainder of the paper is structured as follows: the methodology used for the
systematic literature review is described in the “Methodology” section. The findings
of the study are reported in the “Findings” section, and this is followed by a discus-
sion and conclusion.

16.2 Methodology

Systematic literature review is a widely used methodology in academic research
aimed at generating robust knowledge from already existing or published literature
(Kraus et al., 2020). This study adopted a systematic literature review methodology
following the guidelines recommended by Bearman et al. (2012).

16.2.1 Review Question

What is the current state of the research on the BIM adoption process and what are
the factors (drivers and impediments) influencing the BIM adoption process?
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16.2.2 Inclusion and Exclusion Criteria

As BIM is a wide topic, papers from peer-reviewed journals and conference pro-
ceedings of high quality focused on the BIM adoption process and factors affecting
it were considered relevant. Only papers published in the English language were
included. No restriction on the years of publications was imposed.

16.2.3 Search Strategy

A desktop study was performed using the search engines provided by ASCE Library,
EBSCOhost, Emerald Insight, Science Direct, Scopus, and Web of Science. The
main search strings and keywords were ((“Building Information Mode?1*” OR
“BIM”) AND (“Adoption” OR “Implementation”). The keywords (Process) or
(Diffusion) or (Factors) or (Drivers) or (Challenges) Or (Impediments) were also
tried alongside main search strings and keywords. This, however, did not result in
any additional articles being found compared to the initial main search strings and
keywords.

16.2.4 Screening and Search Results

Papers relevant to the review question were screened from the database search
results, looking into their titles and abstracts if necessary. The relevant papers were
exported through the Mendeley reference manager and duplicates were removed.
Search results are given in the “Findings” section.

16.2.5 Data Extraction and Quality Evaluation

The data relevant to the review question was extracted using NVivo (V.12) software
by qualitative content analysis of reviewed papers returned from the selected
databases.

16.2.6 Synthesis and Reporting Findings

Each article was read, and all content related to the review question was coded using
NVivo (V12). The findings of the systematic literature review are given below.
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16.3 Findings

16.3.1 Current State of the Research on BIM Adoption Process
16.3.1.1 Database Search Results

From the databases search, a total of 410 papers were found relevant to the review
question. Out of 410 papers, only a few papers were practical cases of BIM imple-
mentation. However, the rest of the papers were found relevant because of their
focus on themes directly relating to BIM adoption, e.g., awareness, readiness,
frameworks/models, and strategies. Tables 16.1 and 16.2 show results from data
searches and main sources of articles, respectively.

16.3.1.2 Theme of the Reviewed Papers

A number of themes related to BIM adoption process were found and these include:

e BIM awareness and readiness (Juan et al., 2017; Eadie et al., 2015)

e BIM acceptance models (Kim et al., 2016; (Acquah et al., 2018)

e BIM implementation frameworks (Almuntaser et al., 2018; Kouch, 2018)
* Factors affecting BIM adoption (Ahuja et al., 2020; Hong et al., 2016)

* Drivers/Motivations for BIM adoption (Liao & Teo, 2019),

Table 16.1 Database research results

Opverall, after

ASCE Emerald | Science Web of | removing
Databases library | EBSCOhost | insight direct Scopus | science | duplicates
Number of 62 119 57 40 218 185 410

relevant articles
after screening

Table 16.2 Top sources of relevant articles

Publication source Number of articles
Automation in Construction 21
Journal of Management in Engineering 19
Engineering, Construction and Architectural Management 18
Journal of Construction Engineering and Management 15
Construction Innovation 13

Architectural Engineering and Design Management

Journal of Information Technology in Construction

Sustainability
Journal of Civil Engineering & Management

9
9
International Journal of Construction Management 7
7
6
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e Challenges to BIM adoption (Vass & Gustavsson, 2017)
e BIM maturity model (Succar & Kassem, 2015)

16.3.1.3 Theoretical Lenses

From the literature review, it was observed that themes related to BIM adoption
were studied using different theoretical lenses as shown in Table 16.3. These theo-
retical lenses, particularly innovation diffusion theories are based on well-established
bodies of knowledge from sociology, psychology, and communication (Kale &
Arditi, 2005) and are useful for understanding all aspects of innovation adoption or
diffusion (Hosseini et al., 2015). A large number of papers did not use any theoreti-
cal lens, however, an increasing trend of using theories to explain aspects of BIM
adoption can be observed in recent papers.

Table 16.3 Theoretical lenses

Type of theory Explanation Used by studies
Diffusion of DOI explains “innovation diffusion” is a process Gledson and
innovation theory through which innovation is communicated through | Greenwood (2017)
(DOI) certain channels over time among the member of and Shibeika and
(Rogers, 1983) social system. Harty (2015)

Technology
Acceptance Model
(TAM)

(Davis, 1989)

TAM based on two attributes “perceived
usefulness” and “perceived ease of use” aims to
predict information technology acceptance by users
and explains the behavior of users in acceptance of
information technology.

Hong et al. (2016)
and Kim et al.
(2016)

Technology,
Organizational &
Environment (TEO)
framework
(Tornatzky et al.,
1990)

TEO framework describes the influences of
technological, the organizational, and the
environmental context on innovation adoption.

Ahuja et al. (2020)

Theory of Reasoned | To explain acceptance or action behavior, TRA Ding et al. (2015)
Action (TRA) proposed that the behavioral intention (BI) of a

Fishbein and Ajzen | person is influenced by his/her attitude and

(1975) subjective norms.

Theory of Planned TRA adds Perceived BehaviouralBehavioral Nnaji et al. (2019)
Behaviour (TPB) Control (refers to people’s perception of the ease or

Ajzen (1991) difficulty of performing the behavior of interest) to

the exist theory of TRA

Institutional Theory
DiMaggio and
Powell (1983),

Institutional Theory suggest that isomorphic
pressures (coercive, mimetic, and normative)
motivates structural and behavioral changes in
organizations while gaining social legitimacy

Cao et al. (2017)

Task-Technology Fit
Theory (TTF)
Goodhue and
Thompson (1995)

TTF describes that degree of suitability of
technology to the user’s task affects the use of
information technology.

Gurevich et al.
(2017)
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16.3.1.4 Overview of Reviewed Papers on BIM Adoption
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The papers covered in the systematic literature review on the various aspects of BIM
adoption are categorized into three types of studies: studies focused on BIM adop-
tion at the level of industry, organization, and project are shown in Tables 16.4, 16.5,

and 16.6, respectively.

Table 16.4 BIM adoption studies at the industry level

Highlight of focus Methodology | Lens Country Studies

BIM implementation Quantitative | None Poland Lesniak et al.

challenges (2021)

Key actors’ perspective | Qualitative None New Doan et al. (2021)

on BIM adoption Zealand

BIM adoption in SMEs | Mixed None UK Vidalakis et al.

in UK AEC sector method (2020)

Factors affecting BIM Quantitative | None China Ma et al. (2019)

adoption in AEC

industry

Organizational change | Quantitative | None Singapore | Liao and Teo

framework for BIM (2019)

adoption

Management strategies | Quantitative | Psychological Hong Kong | Chan et al. (2018)

for BIM adoption climate theory

Level of BIM acceptance | Quantitative | TAM Ghana Acquah et al.
(2018)

BIM in UK construction | Quantitative | DOI UK Gledson and

industry Greenwood
(2017)

Factors influencing BIM | Quantitative | TAM Australia Hong et al. (2016)

adoption

Factors affecting BIM Quantitative | TAM Korea Kim et al. (2016)

acceptance

Conceptual structure on | Literature None Australia Succar and

Macro BIM adoption review Kassem (2015)

BIM adoption process Mixed Maslow’s Australia & | Singh and

on basis of hierarchy of | methods motivational Finland Holmstrom (2015)

needs theory & DOI

BIM readiness and Quantitative | None UK Eadie et al. (2015)

changes required for

BIM adoption

BIM acceptance in Quantitative | TAM Korea & Lee et al. (2015)

construction industry USA

Roadmap for BIM Mix method | None Finland & | Khosrowshahi and

implementation UK Arayici (2012)

Collaborative BIM Qualitative None Australia Gu and London

decision framework for (2010)

BIM adoption
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Table 16.5 BIM adoption studies at the organization level
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Organization

Highlights/focus | Methodology | Lens type Country | Reference
Readiness Qualitative | None Design firms | Vietnam | Tong and Phung
framework for (2021)
BIM
implementation
Clients’ role in Case study | None Public client | Sweden |Lindblad and
BIM Guerrero (2020)
implementation
BIM Case study PMI Architecture | KSA Almuntaser et al.
implementation framework (2018)
framework
BIM adoption for | Quantitative | None Public Canada | Brunet et al.
asset management organization (2019)
BIM Literature None Contractors Finland | Kouch (2018)
implementation review
framework for
SME
BIM adoption Case study TAM, TTFE, | Public facility | UK Gurevich et al.
actions of public BAM agencies (2017)
facility agencies
Motivations for Quantitative | Institutional | Design & China Cao et al. (2017)
BIM theory contractor
implementation
Organizational Case study IT business | Public client | Sweden | Vass and
challenges to BIM value model Gustavsson
implementation (2017)
BIM acceptance Quantitative | TAM & Architecture | Taiwan | Juan et al. (2017)
and readiness Artificial

Neural

Network
Factors affecting | Quantitative | None Architecture | Thailand | Ngowtanasawan
BIM adoption & Engineering (2017)
behaviors firms
Factors influencing | Quantitative | TOE Architecture | India Ahuja et al.
BIM adoption frame- work (2020)
BIM Case study None Public client |Canada |Cavka et al.
implementation in (2015)
FM
Factors affecting | Quantitative | TRA Architecture | China Ding et al.
BIM adoption (2015)
Contractors’ Case study None Contractor USA Ahn et al. (2016)
transformation
strategies for BIM
adoption
Perceptions, Mixed None Engineering | Malaysia | Rogers et al.
challenges, and method firms (2015)
drivers for BIM
adoption

(continued)
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Table 16.5 (continued)
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Organization
Highlights/focus | Methodology | Lens type Country | Reference
Diffusion process | Case study | DOI Engineering | UK Shibeika and
of BIM firms Harty (2015)
Factors affecting | Quantitative | TAM Architecture | Korea Son et al. (2014)
behavioral
intentions to adopt
BIM
Factors affecting | Quantitative | None Constructer Nigeria | Abubakar et al.
BIM adoption (2014)
BIM Case study None Facility USA Chunduri et al.
implementation owners (2013)
planning
procedures
BIM adoption Case study None Architecture | UK Arayici et al.
process (2011)
Table 16.6 BIM adoption studies at the project level
# | Description Methodology | References Country
1 | BIM adoption process in a residential Case study | Whitlock and UK
project Abanda (2020)
2 | BIM implementation in the design Case study | Pruskova and Czech
processes Kaiser (2019) Republic
3 | BIM implementation in a renovation Case study | Roorda and Liu Canada
building project (2008)
4 | BIM Adoption process in a real-time Case study | Okakpu et al. New Zealand
refurbishment project (2020)
5 | BIM implementation in tunnel project Case study | Daller et al. (2016) | Austria and
Slovenia
6 | BIM adoption process and its impacts on | Case study | Rowlinson et al. Hong Kong
the design and construction phase (2010)
7 | BIM implementation process of a Case study | Harty et al. (2010) | UK
building project

The above tables show that the studies covered in the systematic literature review
were mainly focused on examining the BIM adoption process and the factors affect-
ing it. Table 16.5 indicates that BIM adoption studies on an organizational level
were mostly concentrated on architecture firms. It shows that architecture firms are
some of the most active organizations in BIM adoption. The studies focused on
investigating BIM adoption on the project level were practical cases of BIM
adoption.
Considering the BIM adoption process as a social phenomenon, various authors
have tried to explain it rationally. To understand the BIM adoption process, Roger’s
Diffusion of Innovation (DOI) Theory is one of the widely used theoretical lenses.
Based on the DOI theory, Hochscheid and Halin (2018) developed a model showing
the BIM adoption process, which starts from awareness (exposure to BIM),
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intention (evaluating the possibility of using BIM), decision (decision of adopting/
Rejecting BIM), and, if the decision is made to adopt BIM, then implementation
(the actual start of using BIM) and confirmation (BIM already in use, reached some
level of mastery and willingness to continue).

In the literature review, Gu and London (2010), Cao et al. (2017), Singh and
Holmstrom (2015) studies were found related to the early stages of the BIM adop-
tion process. Gu and London (2010) developed a collaborative BIM decision frame-
work for industry stakeholders who are likely to adopt BIM. Based on institutional
theory, Cao et al. (2017) studied the motivations of contraction professionals to
implement BIM and found that image motives and cross-project economic motives
were the main reasons to adopt BIM. Similarly, Singh and Holmstrom (2015)
explored the motivation of actors in BIM adoption decisions using Maslow’s moti-
vational theory & DOI. Studies by Almuntaser et al. (2018) and Arayici et al. (2011)
were practical cases of BIM adoption, reporting various actions/techniques under-
taken by organizations to implement BIM.

16.3.2 Factors Influencing BIM Adoption Process
16.3.2.1 Drivers for BIM Adoption

The literature review reveals various drivers motivating stakeholders toward BIM
adoption. According to Khosrowshahi and Arayici (2012), the main driver for full
BIM implementation is the project participants’ understanding of its potential ben-
efits over the traditional project delivery. External forces (BIM mandate, client
demands, etc.) can also lead to organizations taking the BIM adoption decision.
Table 16.7 shows the drivers for BIM adoption in the technology, organization, and
environmental contexts.

16.3.2.2 Impediments to the BIM Adoption Process

BIM adoption is a complex process and can face a number of impediments. The
impediments to the BIM adoption process identified from the literature review are
listed in Table 16.8.

16.4 Discussion

With the potential BIM applications throughout the building life cycle enabling
sustainable developments, the topic of BIM has attracted the attention of research-
ers, particularly in the last decade and a number of studies have been carried out.
This current paper reviewed the research on the BIM adoption processes. The results
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Table 16.7 Drivers for BIM adoption
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Context Drivers References
Technology 1. Perceived usefulness of BIM Gurevich et al. (2017)
2. Perceived ease of use Acquah et al. (2018)
3. Observability of BIM benefits Ding et al. (2015)
Organization 1. Top management support Liao and Teo (2019)
2. Organizational readiness Juan et al. (2017)
3. Finical resources Chan et al. (2018)
4. Supportive organization culture Gu and London (2010)
5. Leadership leading the adoption process Liao and Teo (2019)
Environment 1. Client demands Chen et al., (2019)
2. BIM mandate Rogers et al. (2015)
3. Partner’s influence Ahuja et al. (2020)
4. Competitor’s pressure Eadie et al. (2015)

Table 16.8 Impediments to the BIM adoption process

Context Impediments References
Technology | 1. Complexity of BIM tools Ahuja et al. (2020)
2. Interoperability issues Ma et al. (2019)
3. Large size of BIM files Ngowtanasawan (2017)
Organization | 1. Insufficient senior management support Siebelink et al. (2018)
2. Less capability of BIM team Siebelink et al. (2018)
3. Cost constraints Chan et al. (2018)
4. Inadequate BIM training system Ahn et al. (2016)
5. Lack of collaboration among project participants | Ahuja et al. (2020)
Environment | 1. Insufficient government support Ngowtanasawan (2017)
2. Legal issues Gu and London (2010)
3. No BIM use from the other/partners organizations | Chan et al. (2018)

found that a limited number of studies were carried through theoretical lenses,
which reflects the findings of Akintola et al. (2020) stating that only 64 out of 1040
reviewed papers on BIM published from 2005 to 2016 were found to have used a
theoretical lens.

The classification of papers into industry, organization, and project levels showed
that many studies were centered on architecture firms, this can be related to Ahuja
et al. (2020) reporting architecture firms among early adopters of BIM. Similarly,
the results revealed that a majority of the publications were from developed coun-
tries, arguably due to high BIM adoption and BIM mandates in these countries
compared to developing countries. Further, quantitative approaches were observed
in the majority of the reviewed papers which were mostly focused on factors affect-
ing BIM adoption and BIM acceptance models. While studies on real-time BIM
implementation in AEC organizations dominantly used qualitative methods.

The findings also revealed the drivers and impediments to the BIM adoption pro-
cess, which were grouped into technology, organization, and environmental contexts.
This shows that apart from technology, other contexts (organization and environment)
are also important for successful BIM adoption and these too require due attention.
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16.5 Conclusion

This research has systematically reviewed existing literature on BIM adoption pro-
cesses, and classified the studies concentrating on BIM adoption into industry, orga-
nization, and project levels. Theoretical lenses used to understand the BIM adoption
phenomenon in the construction industry have also been identified and summarised.
Most of the current BIM adoption research has focused on themes such as readiness
and acceptance models, BIM adoption frameworks, factors affecting adoption,
drives, and barriers to adoption. However, there are limited studies on actual cases
of BIM implementation in AEC organizations describing the whole adoption pro-
cess. Real-time case studies on BIM implementation are useful for successful BIM
implementation as these provide lessons and detailed information on strategies and
techniques followed during the BIM adoption process in a specific organization.

In the systematic literature review, a scarcity of studies on BIM adoption in pub-
lic organizations or agencies was observed, future research could focus on this area.
Further, future works can be carried out to minimize the impediments to BIM adop-
tion in AEC/FM industry. Meanwhile, future studies should explore BIM imple-
mentation for building permits in the building control authorities. One limitation of
this paper is that some relevant studies may have been missed due to the keyword
search strategy selected. Lastly, this study contributes to the existing body of knowl-
edge on BIM adoption and offers useful insights for researchers and industry prac-
titioners. The results of this study can be useful for successful BIM implementation,
which provides an opportunity to achieve sustainable construction and thus towards
the fulfillment of SDG 9 (Industry, Innovation, and Infrastructure) and SDG 11
(Sustainable Cities and Communities).
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Chapter 17 )
Defining Requirements for a BIM-Enabled
Learning Environment

Check for
updates

Emlyn Witt, Kalle Kidhkonen, and Marco Alvise Bragadin

Abstract Digitalization is transforming the real estate and construction (REC) sec-
tor and a key feature of this transformation is Building Information Modelling
(BIM). BIM offers opportunities for improving education and training through data-
rich virtual environments in which project-based learning experiences can be
designed and delivered. This could lead to considerable changes and improvements
to the education and training of different professionals in the REC sector from man-
agers to site workers. Researchers at Tallinn University of Technology, Tampere
University, and the University of Bologna are currently developing a BIM-enabled
Learning Environment (BLE) with the intention of providing more realistic, immer-
sive, and integrated learning experiences. A desk study identifying existing initia-
tives, mapping the educational-technological systems in the partner universities,
and analyzing existing BIM-enabled learning experiences at each partner university
revealed an initial list of functional requirements for a BLE. This list was elaborated
through 31 interviews of REC stakeholders in the three partner countries. A valida-
tion workshop was then held to confirm the relevance of the identified functional
requirements, rank them in terms of their relative importance and identify any miss-
ing requirements. The resulting, validated functional requirements were then pre-
sented to technical experts at each of the universities for recommendations on how
these functions could be technically delivered in the context of a BLE. Analysis of
their feedback suggests a system design comprising a host platform based on a
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Learning Management System (LMS) installation with additional collaboration
tools and further integrations with (open) BIM solutions to enable course-specific
BIM functionalities. This research relates to Sustainable Development Goals
(SDGs) 4-Quality Education, as the BLE is intended to enhance education and
training possibilities in the REC sector and 11-Sustainable Cities and Communities,
as the result of improved REC education and training will lead to a more sustainable
Built Environment.

Keywords Building Information Modelling (BIM) - BIM-enabled learning -
Virtual learning environment - Real estate and construction education

17.1 Introduction

17.1.1 Background to the BIM-Enabled
Learning Environment

Digitalization is transforming the real estate and construction sector and a key fea-
ture of this transformation is building information modeling (BIM) — the virtual
representation of all building-related information. By enabling the creation of digi-
tal data equivalents (digital twins) of real buildings, BIM generates opportunities to
do many things in new and better ways including education and training. Addressing
the current challenge of ensuring that graduates’ competencies are properly aligned
with the emerging, digitalized REC industry (Du et al., 2017; Hwang & Safa, 2017,
Tranquillo et al., 2018) is one such opportunity as is the expected improvement in
students’ motivation, satisfaction, and academic and professional performance
when their learning is mediated through technological innovations such as BIM
(Ferrandiz et al., 2018).

Interest in BIM-based education has been growing over the last decade or so with
most study programs incorporating BIM awareness creation and educating students
and trainees on how to use different BIM-related software packages (e.g., Revit,
ArchiCAD, etc.) for model viewing, creation, viewing, simulating, data sharing or
coordination (e.g., Ren & Zhang, 2014; Comiskey et al., 2017). Courses typically
highlight the benefits and barriers of BIM and the reasons for BIM adoption in the
industry (e.g., Ahn et al., 2013; Puolitaival & Forsythe, 2016), and progress to BIM
knowledge and authoring/manipulation skills (e.g., Ghosh et al., 2015). Beyond
developing BIM software skills, BIM technology has also been used to impart other
learning such as coordination, collaboration, communication, and interpersonal
relationships among students, etc. (e.g., see Barham et al., 2011; Bozoglu, 2016; El
Zomor et al., 2018; Zhao et al., 2015; Ghosh et al., 2013).

Underwood et al. (2013) categorized the evolution of BIM education into three
progressive stages:
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1. BIM-aware — where graduates are made aware of the uses and exigencies of BIM
relating to its implications for both digital and cultural transformation of the
construction industry.

2. BIM-focused — involving graduates’ abilities to use and manipulate BIM soft-
ware in performing specific tasks such as modeling, clash detection, simula-
tion, etc.

3. BIM-enabled — where education takes place in a BIM-mediated virtual environ-
ment and BIM acts as a platform for learning (Underwood et al., 2013).

Both BIM-aware and BIM-focused education have become widespread while BIM-
enabled education is still in an early stage of development. Accounts of extant BIM
education cases have been documented in Abdirad and Dossick (2016) and, more
recently, in Olowa et al. (2020).

17.1.2 Existing BIM-Enabled Learning Environments

BIM-enabled learning environments have been experimented with over the past
decade. Ku and Mahabaleshwarkar (2011) proposed a BIM interactive model
(BiM) — a platform combining a virtual environment (Second Life) with BIM for
learning purposes and proposed a theoretical web-based virtual world for engaging
construction stakeholders in real-time social interaction. Their intention is to sup-
plement construction education with intelligent 3D BIM models in order to over-
come the limitation of location-based learning and make it accessible to anyone
with an internet connection. Shen et al. (2012) used the 3D-UNITY game engine to
create a web-based training environment for HVAC rehabilitation and improvement
using a BIM model. In contrast to Ku and Mahabaleshwarkar (2011) BiM proposal,
Shen et al. (2012) argued that game engines have been sufficiently developed for
BIM interoperability thereby making game creation cheaper and easier and demon-
strating how BIM could be leveraged for teaching. More recently, Zamora-Polo
et al. (2019) have argued that, for the education of engineers, BIM can be consid-
ered a Virtual Learning Environment (VLE).

17.1.3 Purpose of This Research

Researchers at Tallinn University of Technology, Tampere University, and the
University of Bologna are currently developing a prototype BIM-enabled Learning
Environment (BLE) with the intention of providing more realistic, immersive, and
integrated learning experiences. In addition to the BLE platform itself, pilot learn-
ing modules are being created to demonstrate the potential for this approach and, to
determine their effectiveness, evaluation tools for these modules need to be designed.
This research investigates existing, applicable evaluation models and derives an
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evaluation model and tools specifically adapted for the immersive project-based
learning experiences provided through the BLE. The BLE is intended to be:

* Open — supports participation in BIM-enabled learning regardless of software
tools being used

* Compatible — BLE must be compatible with different Learning Management
Systems and with other systems, approaches, and requirements for wide-
spread use

e Accessible — both in the sense of:

— Enabling public access including the possibility of hosting BIM-
enabled MOOCs

— User-friendly and easy to use so that BIM-enabled learning can be made
available to a wide range of learners and teachers

e Replicable — fully documented, available, complete, a detailed specification
which can be used by others to replicate the BLE or develop alternatives to it

* Inclusive — addressing the learning needs of all professions in the REC sector

e Scalable — for sector-wide use in the REC sector

The primary target of this research is to provide a new BIM-based stepping-
stone, that is, the BLE solution for the education of various professionals in the REC
sector. For this purpose, the main attention is on the use of digital models rather than
in their creation. Digital models with their data have already developed and become
part of all REC professionals’ working infrastructure. Whether you are project man-
ager, cost engineer, site inspector, or installer (just to mention examples of several
professions), the skills for taking advantage of digital models in your work are of
prime importance. Education and training need to be transformed accordingly.

In the following section of the paper, the research methodology is described in
terms of the data collection and analysis process steps and their logic. The findings
at each of these steps are then presented and discussed before a proposed BLE sys-
tem concept is outlined. Conclusions are then drawn and related to the Sustainable
Development Goals (SDGs).

17.2 Methodology

A desk study of related initiatives and applicable standards relevant to the proposed
BLE was first undertaken. An exercise to identify and compare the existing platforms
and systems in use at the three partner universities was then carried out to ascertain
the education-technological systems contexts into which the BLE should integrate.
An initial list of functional requirements was compiled by analyzing existing
courses or learning experiences which had elements of BIM-enabled learning (one
such case study being analyzed from each partner university). The functional
requirements were further elaborated through a series of 31 interviews of
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Fig. 17.1 Methodology for defining BIM-enabled learning environment requirements

stakeholders connected to education and training throughout the REC sector and in
three countries (Estonia, Finland, and Italy).

The identified functional requirements were then subjected to a validation exer-
cise in the form of an online workshop where the functional requirements were
presented and participants were asked to rank them in terms of their relative impor-
tance and to add any further, missing requirements.

The list of validated functional requirements was then assessed by key infor-
mants in each country who commented on how these functional requirements could
be technically delivered. The feedback from these key informants was compiled and
an emergent technical solution in the form of a system concept design for the BLE
was proposed.

These process steps, their logic and outputs are shown in Fig. 17.1.

17.3 Findings

17.3.1 Existing Educational-Technological Systems

A mapping exercise was conducted to identify the current educational-technological
systems in use within the three partner universities. The intention was to establish
commonalities and differences between institutional system arrangements and it
was found that all three universities were using Moodle as a learning management
system in addition to other systems with varying levels of integration between them.
Table 17.1 summarizes the systems that were identified and investigated.

Notably, Moodle installations are relied on to a significant degree and some inte-
grations exist between these Moodle systems and other, complementary systems in
certain cases (e.g., with the BigBlueButton plugin in TalTech Moodle and with the
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Table 17.1 Existing educational-technological systems in the partner universities

Tallinn University of

Tampere University

University of Bologna

System type Technology (TalTech) (TAU) (UNIBO)
Study OIS2 (custom-built study SISU (custom-built | SOL — Studenti Online
information information system) study information (custom-built study
systems system) information system)
LMS/VLE TalTech Moodle (customized TAU Moodle Virtuale (customized
Moodle installation) (customized Moodle | Moodle installation)
installation)
Other KnowledgeHUB (project- EXAM (Electronic | BOOK (uniBO Open
educational specific Moodle installation — | Exam Platform) Knowledge) MOOC
systems this project is led by the platform
University of Huddersfield) e-CLA (customized
Moodle installation)
AlmaEsami
(Electronic exam
platform — only for
management purposes)
EOL - Esami On-Line
(customized Moodle
Installation for online
exams)
Video MS Teams MS Teams MS Teams
conferencing | Big Blue Button (integrated Zoom Zoom
with TalTech Moodle)
WORKSUP (virtual conference
platform developed at TalTech)
Zoom
Other systems | — Panopto (video -Panopto (video

sharing) —integrated
(plugin) with TAU
Moodle

Kahoot! (game-
based learning
platform)

sharing) — integrated
with Virtuale

Panopto plugin in TAU and Unibo Moodle). In addition, custom, project-specific
Moodle installations (e.g., KnowledgeHUB) have been set up in order to facilitate
inter-university collaborations which enable broader usership beyond universities’
own students and staff.

17.3.2 Initial Functional Requirements

The three partner universities each selected an existing learning experience that was
either a direct example of BIM-enabled learning or involved closely related learning
activities. The learning activities selected were all aimed at Masters students within
Architecture, Engineering, and Construction (AEC) study programs as follows.
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The BIM-enabled Cash Flow Exercise is a learning experience in which students
develop, analyze, and optimize company cash flows in the context of a construction
project scenario. This exercise had been piloted for 2 years within a Construction
Investments course at Tallinn University of Technology (TalTech).

The Simulation of the Building Design Process course has been implemented
since 2006 at Tampere University. For this course, the participating students from
different disciplines form a design group that consists of students from architecture,
structural engineering, earth and foundation structures, HVAC, engineering, electri-
cal engineering, and construction management and economics. Students’ task is
designing a building for the predefined need. Each student has a specific role in
meeting his/her major subject of study.

The BIM-enabled Construction Job Site Layout Exercise requires students to
develop, analyze, and optimize a building job site layout within a construction proj-
ect context. This exercise had been piloted for 1 year within the Building Sites and
Production course at the University of Bologna (UNIBO).

From the analysis of the teaching and learning activities involved in each of the
three cases above, an initial list of 19 capabilities that would be required from a BLE
to host and enable these activities was derived and their relative importance to per-
forming the desired activities was estimated as shown in Table 17.2.

17.3.3 Validated Functional Requirements

Thirty-one semi-structured online interviews were carried out (12 in Italy, 10 in
Estonia, and 9 in Finland) in the spring of 2021 among REC stakeholders involved
in education and/or training. The interviewees’ affiliations were:

e 15 affiliated with Higher Education Institutions
e 14 affiliated with the Construction (AEC) Industry
e 2 affiliated with the Real Estate/Facilities Management Industry

In addition to describing their current teaching/training activities, interviewees
were played a short video explaining the general concept of a BIM-enabled Learning
Environment and asked to identify functions/capabilities that they would expect
such a learning environment to have. A thematic analysis of their responses, together
with the initial functionalities identified from the study of three existing BIM-
enabled learning activities (described above), led to the compilation of a list of 30
functional requirements. This list was subsequently the focus of a (virtual) valida-
tion workshop held in June 2021 at which BIM educators and others interested in
BIM-enabled education and training from five-countries (Estonia, Finland, Italy,
Nigeria, and Sri Lanka) participated. Workshop participants were asked to validate
each of the proposed BLE functional requirements by rating each on their level of
importance with a five-point Likert-type scale (1: not important, 2: slightly impor-
tant, 3: moderately important, 4: very important, 5: critically important). They were
also asked to identify any gaps (or missing functions) in the list. A detailed analysis
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Table 17.2 BLE functional requirements — initial list
# | Requirement description Importance
1 | The upload, storage, download, sharing, and viewing of typical file Critical
types — documents, spreadsheets, etc.
2 | Collaborative (in groups) viewing and editing of typical file types — Essential
documents, spreadsheets, presentation slides, etc.
3 | BIM model viewing, sharing, editing, and data extraction Critical
4 | Collaborative (in groups) viewing and editing of BIM models Essential
5 | A Common Data Environment for project data (for project-based learning | Essential
scenarios)
6 | Repository for BIM models and associated project data for learning Critical
7 | Student group collaboration functionality — group formation, group Essential
communications, collaborative viewing and editing of files, whiteboards,
etc. Instructor access to groups for advising, monitoring and assessing,
instructor options to make changes to groups
8 | Between groups collaboration functionality — communications between Recommended
groups, collaborative viewing and editing of files, whiteboards, etc.
9 | Questionnaire creation, completion, submission, and analysis Recommended
10 | Student feedback functionality Essential
11 | Assessment/grading functions — grade entering for individuals/groups, Critical
grade book
12 | Collaborative BIM model viewing and sharing Critical
13 | Collaborative BIM model checking Critical
14 | Collaborative BIM model editing Essential
15 | BIM model information take off Recommended
16 | Project team collaboration functionality — communications with project Recommended
team and collaborative viewing of files

of the interviews, validation workshop, and emergent functional requirements are
reported in a journal article that is currently in press: Olowa et al. (2021). The
emerging list of validated functional requirements is shown in Table 17.3.

The average ratings received indicate that even the lowest ranked functional
requirement (‘“Recording of group sessions and lessons”) was accorded an average
rating higher than “3: moderately important” and this attests to the general impor-
tance and, therefore, validity of the identified functional requirements.

17.3.4 Assessment of Technical Solution Possibilities

Key informants (technical experts in BIM and/or educational technology systems)
from each of the partner universities were presented with the list of validated func-
tional requirements and asked to give recommendations of how these functionalities
could be delivered through a BLE. Their recommendations are summarized in
Table 17.4.

No technical solutions were offered for:
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Table 17.3 BLE functional requirements — validated and importance ranked list

Importance
Ave.

Rank | rating | Functional requirement

1 4.6 Student feedback

2 4.5 BIM model data extraction

2 4.5 Simulation of the project development process (realistic BIM workflow, key
stakeholder roles, etc.)

2 4.5 Collaboration in groups

2 4.5 Links between courses (to build on previous courses’ results and to track
impacts on/inputs to future courses)

2 4.5 Integration of platform with external systems/business

7 4.4 BIM model viewing

7 4.4 BIM model sharing

7 4.4 Common Data Environment (CDE) for project data

7 4.4 Data security/password protection

11 4.3 BIM model collaborative viewing and editing

11 4.3 File upload, storage, download, sharing, editing

13 4.2 Instructor access and monitoring of groups and group work

13 4.2 Hosting of different courses

15 4.1 BIM model checking

16 4.0 Collaborative viewing and editing of documents and spreadsheets

16 4.0 Questionnaire creation, completion, submission, and analysis

16 4.0 Video playback

19 3.9 Repository of example BIM models

20 |38 BIM model editing

20 3.8 Collaboration between groups

20 3.8 Live interactions between users

20 3.8 Gamification support functions

24 3.7 Group formation

24 3.7 Registration of users (learners/instructors)

26 3.6 BIM model creating

27 3.5 Extended reality (XR) functions: AR/MR/VR

27 35 Assessment/grading functions — grade entering for individuals/groups, grade
book

29 34 BIM model version management

30 33 Recording of group sessions and lessons

a BIM object creating and editing

a Linking to extra learning materials

A Individual learners’ storage for learning materials

2Suggestions of additional functions received at the validation workshop



Table 17.4 Technical solutions possibilities

Technical solution type

Functional requirements which could be delivered using
this technical solution

[Square brackets indicate that more than one type of
technical solution was suggested]

Learning Management Systems
(LMS), e.g., Moodle, with
integrated learning tools (using the
LTI standard)

Hosting of different courses

Registration of users (learners/instructors)*

Data security/password protection®

Linking to extra learning materials

Individual learners’ storage for learning materials

Questionnaire creation, completion, submission, and analysis

Assessment/grading functions — grade entering for
individuals/groups, grade book

Student feedback

Group formation

Video playback

Gamification support functions

File upload, storage, download, sharing, editing]

Instructor access and monitoring of groups and group work]

Collaboration in groups]

Collaboration between groups]

Live interactions between users]

Recording of group sessions and lessons]

BIM model sharing]

Collaboration platforms with
integrated applications (e.g., Office
365, Google for Education)

File upload, storage, download, sharing, editing]

Instructor access and monitoring of groups and group work]

Collaboration in groups]

Collaboration between groups]

Live interactions between users]

[
[
[
[
[
[
[
[Repository of example BIM models]
[
[
[
[
[
[

Recording of group sessions and lessons]

Collaborative viewing and editing of documents and
spreadsheets

[Common Data Environment (CDE) for project data]

Integrations with specific BIM
solutions

[BIM model sharing]

[Repository of example BIM models]

[Common Data Environment (CDE) for project data]

BIM model viewing

BIM model data extraction

BIM model version management

BIM model checking

BIM model editing

BIM model collaborative viewing and editing

BIM model creating

BIM object creation and editing

Extended reality (XR) functions: Augmented Reality
(AR)/Mixed Reality (MR)/Virtual Reality (VR)

*eduGAIN offers a solution to allowing widespread access to the BLE for the global research and

education community
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e Simulation of the project development process (realistic BIM workflow, key
stakeholder roles, etc.)

* Links between courses (to build on previous courses’ results and to track impacts
on/inputs to future courses)

* Integration of platform with external systems/business

These were acknowledged as potentially useful features but, in all cases, poten-
tial technical solutions for them would need to be considered once they were more
clearly defined.

17.4 Discussion

The identified functional requirements can be separated into three general categories:

1. Learning Management System (LMS) functions
2. Collaboration functions
3. BIM functions

These are clearly reflected in the potential technical solutions offered which ref-
erence the use of LMS platforms, collaboration platforms, and BIM solutions. Some
functional requirements (e.g., “Collaboration in groups”), depending on how, pre-
cisely, they are defined, could be delivered using more than one of these
possibilities.

These findings suggest that the proposed BLE could be achieved on the basis of
a host platform that would allow:

e User registrations to be authenticated and managed

* Hosting of course materials

e Assessment, grading, and feedback

e Collaboration between learners, between learners and instructors, and
between groups

Depending on individual course needs, further integrations between this plat-
form and specific BIM solutions would extend the capabilities available to the
hosted courses. In addition, for a wider, global usership, the possibility of utilizing
the eduGAIN system for authenticating and managing users is available. Figure 17.2
illustrates this conceptualization of a BLE system design.

17.5 Conclusions

The need for BIM-enabled education and training in the REC sector has been estab-
lished and, to facilitate this, researchers at Tallinn University of Technology,
Tampere University, and the University of Bologna are currently developing a BIM-
Enabled Learning Environment (BLE) to provide more realistic, immersive, and
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Fig. 17.2 BIM-enabled learning environment system design concept

integrated learning experiences. This research has reported the derivation of a vali-
dated list of the functional requirements of the proposed BLE and, based on these,
an initial concept of technical solutions and a system design concept to deliver them.

The system design comprises a host platform based on an LMS installation (e.g.,
Moodle) with additional collaboration tools and further integrations with (open)
BIM solutions to enable course-specific BIM functionalities. Within the framework
of the current research project, a demonstration version of the BLE is currently
being developed with the intention of enabling proof of concept, and pilot courses
are being developed for this purpose. The extent of the BIM functionalities that can
successfully be integrated with the BLE is, at this stage, unknown but the intention
is to achieve some key integrations (enabling BIM viewing, data extraction from
BIM models, and more) in order to demonstrate the value of the BLE as an educa-
tion and training platform. All information and documentation will be made avail-
able so that other research teams are able to replicate and take forward these
developments.

This research relates to Sustainable Development Goals (SDGs) 4-Quality
Education, as the BLE is intended to enhance education and training possibilities in
the REC sector and 11-Sustainable Cities and Communities, as the result of
improved REC education and training will lead to a more sustainable Built
Environment.
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Chapter 18 )
Circularity in the Built Environment: ST
A Goal or a Means?

Tom B. J. Coenen, Klaasjan Visscher, and Leentje Volker

Abstract To reach a circular built environment, the changes and solutions of such
mission need to align with the challenges a Circular Economy (CE) aims to solve.
Despite the rather uniform policies on the goals and challenges of circular construc-
tion, the understanding of CE among practitioners appears divergent. Using the con-
cept of problem space and solution space in relation to missions, the various
perceptions, interpretations and framings of the CE mission in the Dutch construc-
tion industry were studied by means of 20 semi-structured interviews. Results indi-
cate that the perceptions of the underlying challenges vary from mere resource
scarcity to wide societal reforms, including social equity and climate neutrality.
Also, the relation with other concepts seems contested, particularly regarding sus-
tainability. The problems CE aims to address and the solutions to reach such CE
turned out to interact and even intertwine in the conceptualizations of CE. Mission
achievement hence calls for convergence of both the problem and the solution space
acknowledging the mission’s co-evolving nature. Given the resulting positioning of
CE as both a means for underlying challenges and a goal in itself, we propose to
understand CE as a mediation concept that couples directed solutions to a wide set
of societal challenges. This implies that rather than aiming for a uniform definition,
action should be aimed at dynamically guided solutions towards addressing the
evolving societal challenges. Further research in other sectoral and geographical
contexts is required to explore the validity and implications of CE as a mediation
concept.
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18.1 Introduction

Circular Economy (CE) has become one of the major themes in the construction
industry, especially due to the large use of virgin resources and waste in the sector
(Benachio et al., 2020). Addressing various challenges, particularly in line with
SDGs 11 (sustainable cities and communities) and 12 (responsible consumption and
production), the CE concept has been operationalized through the articulation of a
mission. Such missions can be understood as narratives for challenge-oriented
change (Janssen et al., 2021). In this respect, missions have increasingly been con-
nected to directing system transformation in line with the societal challenges (Schot
& Steinmueller, 2018). To achieve such missions, the direction of the underlying
challenges (problem space) and required changes and innovations (solution space)
need to be aligned (Wanzenbock et al., 2020). While CE has been introduced as a
mission to address several underlying goals and challenges in the environmental
sustainability domain, scholars have been defining CE in various ways, most nota-
bly considering resource flows, either or not including economic aspects (Kirchherr
etal., 2017). This includes various ways for circular futures to take shape (Bauwens
et al., 2020). However, CE has been widely regarded as an essentially contested
concept (Korhonen et al., 2018b). Next to the conceptual critiques on feasibility and
effectivity (Corvellec et al., 2021), its variety of discourses and myriad of framings
adds to the concept’s elusiveness (Calisto Friant et al., 2020), which impedes an
effective mission attainment (Janssen et al., 2021).

While CE has experienced huge advancements in academia in terms of opera-
tionalization, conceptualization and adoption (Goyal et al., 2021), most research in
the CE construction context addresses (technological) solutions (Benachio et al.,
2020). Charef and Lu (2021), nonetheless, showed that, next to changing the think-
ing of professionals and novel technologies, a change of policy and regulation for
adoption and implementation of CE is needed. For example, standards for circular
construction need to be established (Anastasiades et al., 2021). Many framings and
interpretations exist on the meaning of CE throughout the sector (Hossain et al.,
2020), which is a major barrier to the transition to a circular construction sector. At
the same time, implementation depends on the perceptions, interpretations and
framings in practice. To determine and eventually steer the directionality of the
solutions, it is of critical importance that the understandings of the CE concept are
aligned and convergent in construction practice.

Considering the contradiction between the aim of alignment and convergence of
missions and the essential contestation of the CE concept, we study the potential of
CE to provide direction of change in line with societal challenges in the construc-
tion context. To that end, we analyse the framings and interpretations of the problem
space, solution space and interactions as perceived by professionals in the Dutch
construction sector in light of the formal mission policies. This approach reveals,
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for example, how CE is perceived in the construction context and to what extent CE
is seen as a means or as an end. Next to insights into the framings and alignment of
CE in the Dutch context to support CE policy, we aim to contribute to the ways of
understanding and positioning the CE concept in academia and how future research
in circular construction should deal with the equivocality of the concept.

18.2 Theoretical Framework

Societal missions have become increasingly important in innovation policy to guide
change and innovation into societally desired directions. These missions are not
only considered wicked but also constitute a wide heterogeneity of problem struc-
tures and specific designs of solutions with respect to these challenges (Wanzenbock
et al., 2020). Therefore, these should be seen as “open-ended, [...] concerning the
socio-economic system as a whole, even inducing (or requiring) system transforma-
tion” (Kuhlmann & Rip, 2018, p. 450). To guide and steer system change in the
direction of missions, the concept of mission-oriented innovation policies (MIP) has
been introduced. According to Wanzenbdck et al. (2020, p. 475), “[a] MIP should
be seen as a policy that provides directionality in supporting the process towards
converging problem-—solution constellations [and] aims at advancing problem—
solution constellations which become sufficiently stable to serve as common frame
of reference for actors.” Hence, the convergence of problem—solutions space guides
the directionality and attainability of missions.

To conceptualize the underlying problem—solution structure of missions,
Wanzenbock et al. (2020) presented a framework with two axes comprising the
level of wickedness of both the problem and the solution space (Fig. 18.1). By
studying the perceptions of the problem and solution spaces separately as well as by

Fig. 18.1 Four types of
problem—solution spaces.
(Adapted from

Divergent €— Problem perception —» Convergent

Wanzenbdock et al. (2020)) Disorientation Problem in search of a
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High wickedness of both Low wickedness of
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problems and solutions
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wickedness of solutions

Solution in search of a
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problems and solutions
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analysing their interactions, the problem—solution perception in the current stage of
transition towards circular construction can be investigated. Here, the problem
space is determined by the level of normativity, complexity and available knowl-
edge, while the solution space is characterized by contestation of the feasibility and
prioritization of solutions, the alignment of solutions with the existing system and
fragmentation of the various solutions. The resulting quadrants are: (1) disorienta-
tion in which both the problems and solutions are highly wicked such as social
justice; (2) problems in search of solutions such as bullying; (3) solutions in search
of problems such as spaceships to Mars; and (4) alignment between problems and
solutions such as water retention. Depending on the blurriness between the problem
and the solution space, mission alignment can either or both be reached through
problem-led directionality and solution-led directionality. This implies a variation
in pathways to increase the convergence and alignment of missions (Wanzenbock
et al., 2020). Given that MIPs aim to converge towards an aligned framing (lower
right quadrant), we use the framework to analyse the CE as a mission in the Dutch
construction industry using the problem—solution axes.

18.3 Research Approach

To analyse the consequences of the variation in framings of the CE concept, we
studied the Dutch context, where CE has since 2016 been positioned as one of the
central pillars of environmental sustainability policy. We have focused the research
on the perceptions of CE in construction practice to study the alignment and conver-
gence of the CE mission interpretation in the Dutch construction industry. Following
Wanzenbock et al. (2020), we distinguished the challenges addressed by the mis-
sion from the priorities of and interactions between the solutions for achieving the
mission. Together, these interacting dynamics take place in the problem—solution
space as addressed in Fig. 18.1. Accordingly, we took the following research steps.

First, we have mapped the development of CE policy in the Dutch construction
context by means of an analysis of grey literature. This enabled us to reflect upon
the relation between the formal policies and interpretations and framings in prac-
tice. Next, we identified the various perceptions and interpretations of the societal
problems CE aims to address in the sector and the potential solution pathways con-
nected to it by means of semi-structured interviews. Using purposive sampling
(Campbell et al., 2020), individuals were selected such that both the various subsec-
tors and the actor types were covered, which resulted in a diverse representation of
the sector. To reach this actor variety, we used the innovation system categories
presented in Kuhlmann and Arnold (2001). This resulted in interviews with 20 indi-
viduals with varying levels of experience with CE, consisting of two market parties,
three policy makers, four public clients, two scholars, two network managers, four
engineering/consultancy firms and three individuals from boundary organizations
such as financers and legal specialists (see Appendix). Although the interviews were
conducted as open conversations, several indicative questions were used to start and
to guide the conversations (Table 18.1).
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Table 18.1 List of indicative interview questions

Problem space What does CE mean to you? And what societal challenges does it
address?

Who determines and affects what CE means?

How does CE relate to other missions? And is there overlap with other
missions or societal challenges?

Is there, in your view, consensus on the meaning of CE?

How is this problem interpretation related to the formal strategy?

Solution space ‘What are the ultimate solutions for circular construction?

Who affects the solutions? And who determines what solutions become
dominant?

What are the roles of government and market in the solution space?

To what extent are solutions introduced and adopted successfully?

Are the current developments sufficient to achieve the mission goals?

Problem—solution To what extent do solutions address the mission goals?

interaction Should the CE mission be addressed integrally or separately with
respect to other missions and challenges?

How do the problem and solution spaces interact?

How do the solutions feed into the problem space?

The transcripts of the 20 interviews were qualitatively coded in the Atlas.ti soft-
ware tool. The interviewees’ quotations were linked to the three separate categories
presented in Table 18.1, being problem space, solution space and problem—solution
interaction. The former two focus on both the level of convergence of the framings
and the latter addresses how those spaces affect each other. Next, we compared the
quotations per theme to find the framings of the CE mission, as well as their diver-
sity. The final step was to link those overviews to the formal strategies to analyse the
alignment of practice with the formal strategies. Altogether, this led to the results
presented in the next section. First, we introduce the mission as formally stated in
the Dutch national policies and strategies. Second, we present the interpretations
and framings in practice based on the interviews, distinguishing the problem space,
solution space and problem—solution interaction. Quotations were translated into
English by the authors.

18.4 Results and Analysis

18.4.1 Mission Context: Circular Construction by 2050

The Dutch government was one of the first to launch a national mission for CE in
Europe (Giorgi et al., 2022). The mission was formally introduced in 2016 and
aimed for the Netherlands to be circular in 2050, meaning: (1) high-grade use of
existing resource and waste flows; (2) replacement of fossil and non-sustainably
produced resources by renewable and widely available alternatives; and (3) redesign
of production methods, products and domains and rethinking consumption (IenW
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and EZK, 2016). Although building upon existing waste policy, the CE mission was
introduced rather radically. CE was in the first strategy report already presented as
an imaginary to mobilize action for directed change: “The idea of a Circular
Economy as a fully closed system is a mobilizing ideal image. The use of primary
resources and the generation of waste flows can probably never be fully prevented”
(IenW and EZK, 2016, p. 15). Transition agendas were developed for five priority
domains, including construction. Each priority sector was considered a separate
pathway and Transition Teams were established to direct and lead the transition
towards a circular system by formulating transition agendas and policies. Four stra-
tegic priorities have been identified in the transition agenda for construction, being
market development, measurement of CE, policy and legislation, and knowledge
and awareness.

In parallel to this formal strategy, in 2017, a large, industry-wide platform
(CB’23) was launched by two governmental organizations and a normalization
institute. This platform aimed at wide sectoral participation to uniformize the under-
standing and operationalization of circularity in the Dutch construction industry,
which also affected the formal policies. Gradually, the goals and definitions found
in the policies, strategies and networks shifted in focus. While the initial goals
strongly approached CE as a means to address material scarcity and resource supply
risks, the formal goals for the construction industry became increasingly integral,
widening the formal CE mission to issues such as the pollution (particularly CO,
reduction), biodiversity and environmental impact.

18.4.2 Problem Space

The previous section indicates that CE is positioned in the Dutch construction con-
text as a “promise” rather than a clear description of challenges or goals. However,
the challenges and goals addressed by the mission were perceived remarkably diver-
gent. The interviews revealed different takes on how this imaginary is substantiated
in practice, not only through the formal strategies but also through the practitioners’
personal experiences and framings.

Several interviewees explicitly stated the need to distinguish CE from circular
construction. According to them, CE is about the transformation of society at large
towards a future circular system, while circular construction should be directed at
resource/material efficiency in the built environment, with other environmental ben-
efits as indirect benefits. One consultant explained: “[in contrast to CE, circular
construction] is specifically about the inexistence of waste and that all resources are
put in the resource to be reused at a high grade.” However, most of the interviewees
did not explicitly distinguish between CE and circular construction, but their inter-
pretations resonated with the notion of the latter. This addresses primarily the reduc-
tion of primary materials as the focus of circularity and is in line with the definition
provided by the Transition Team. Apart from the noted differences, this indicates a
rather subconscious interpretation of the CE concept and its underlying challenges.
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When digging deeper into the societal problems that are addressed by these
reduction efforts, only two interviewees mentioned resource depletion or material
supply risks as a primary challenge. All the others saw circularity as a means to
reduce the wider environmental impact, including emissions, biodiversity and social
equity, as well as economic impacts such as long-term cost reductions and labour
efficiency. Moreover, CE was linked to the deteriorating state of infrastructure and
the housing shortages that call for large-scale construction or replacement activities
in the coming decade. Interviewees argued that linking this building, maintenance
and replacement challenge with circularity principles could increase the feasibility
and reduce the costs while addressing sustainability goals. For example, a public
client noted: “The focus is increasingly shifting towards replacement and renova-
tion [of assets]. That means that asset management is becoming more prominent in
the steering on [circular] measures.” It turned out that the interpretations of CE of
practitioners closer to the national CE policy in government organizations were
strongly aligned with the formal strategies, while the more deviating interpretations
were found in market organizations. In sum, there was a large variation of the spe-
cific societal challenges that were expected to be addressed by CE. Despite this
apparent contestation, three interviewees surprisingly perceived consensus on the
problems that CE addresses, which indicates an unknown struggle for convergence
of the various framings.

The relation and integration to other missions and their challenges was per-
ceived divergently too. Whereas most interviews agreed that CE should always be
considered in relation to wider sustainability issues, because the underlying goal —
reducing environmental impact — is similar, there was considerable disagreement
on the extent to which CE must be considered either separately or integrally from a
governance perspective. Some interviewees urged for considering CE as a “way of
thinking” that is inherently sustainable, while other stressed to limit CE to the
scope of circular construction, and, as such, to focus on resource flows. One con-
sultant even considered CE to be the materials part of sustainability, indicated by:
“How can we do things circular in terms of materials, but also do it sustainable in
terms of CO, emissions? In this way we weigh various sustainability aspects.”
Apart from the conceptual interpretations, several interviewees mentioned the
dilemma between conceptual purity and pragmatism in terms of governability. To
illustrate the coupling of CE to the wider sustainability topic in order to be eligible
for funding, a policy officer noted: “we didn’t get funds for CE in 2017, but we
coupled it to the climate goals, [because] if we start working circular, we will con-
tribute to the CO,; reduction targets. [...] Such coupling increases the urgency of
and support for CE.”

Altogether, the interpretations and framings of the problem space are divergent.
Not only do the underlying challenges differ but also the scopes differ in extent and
direction. It is hence unclear how CE relates to other missions and how the respon-
sibilities should be allocated. This indicates a high wickedness of the prob-
lem space.
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18.4.3 Solution Space

Construction works and innovations are, especially in the infrastructure domain,
predominantly developed by market parties as a response to (public) tenders.
However, it is in such tenders that the CE concept is operationalized into solutions.
As indicated in the paragraphs below, the types of innovations, other social and
processual changes and their priorities are contested too.

According to all interviewees, operationalization of CE is still fragmented and
the solutions depend on the varying client specifications. As illustrated by a contract
manager from a market party: “despite the ambition to be [the Netherlands’] most
circular contractor, we need to address client’s specifications in tenders in order to
win those.” Nevertheless, clients and public organizations increasingly support and
participate in initiatives that investigate specific innovations. Although there are
many circular alternatives developed since the introduction of CE policy, according
to a public manager, “the strategies and design principles are not that much under
debate anymore, but the degree to which these ought to contribute to solving the
problems is still contested.” According to a sector banker, the share of supply-driven
circular solutions in building construction is higher than in infrastructure due to the
sector’s structure. In building construction, there are several upscaling develop-
ments in modular and industrial housing innovations. This indicates a low but
increasing convergence of circular innovations.

On a more abstract level, solutions were mentioned by the interviewees in terms
of, for example, reuse, avoiding materials and recycling quota without specifying
the (technological) solutions to do so. The formal policies also include a hierarchy
of these abstract strategies, which are operationalized in the R-ladder,' which was
mentioned by three interviewees. For example, a public manager stated that “we try
to find solutions [in the market] as high as possible on the R-ladder in order to
retain as much value as possible in our assets.” Still, there remains a discussion on
the extent to which such hierarchy should be used to rank or assess solutions or to
direct the transition. While various interviewees stress the necessity to aim for as
high as possible R strategies, others argue that this does not always lead to solutions
that address underlying problems most effectively. Moreover, the interpretations of
strategies, such as the difference between reuse and recycling appear equivocal too.
Nevertheless, there seems to be consensus that on this abstract level, different types
of solutions apply to different types of construction assets, particularly distinguish-
ing bulk materials (e.g. asphalt, concrete) from other resources. There is hence no
single CE strategy that applies to all construction assets.

When addressing the solution space, all interviewees mentioned changes and
innovations that facilitate processual and social changes that allow for technological
solutions. As a consultant mentioned: “I think the biggest challenge is to look [at
CE] as a system transformation rather than technological innovations.” In the

'The R-ladder consists of a hierarchy of waste management strategies in which certain activities
are considered more circular than others. Examples of such Rs are Reuse, Reduce, Refurbish and
Recycle (Potting et al., 2017).
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infrastructure context, many interviewees mentioned that reconsiderations in asset
management are fundamental for becoming circular from a systemic perspective. To
exemplify, a public client’s manager remarked: “If you treat stuff properly it lasts
very long, but [...] asset managers do not realize that CE is an obvious element of
asset management.” Also, data management and data transparency were mentioned
in both building construction and infrastructure to play a crucial role in making
circular decisions, for example, “[it can only be treated circular] if it remains digi-
tally insightful what materials are used in buildings, what the quality is, [...] and
which dimensions are used.” Such data include as-built drawings, structural moni-
toring data, and changes to and renovations of the asset to allow for circular choices
in later lifecycle stages of the asset. Another condition mentioned for operating
circularly depends on client—contractor relationships. This includes procurement
methods (i.e. offering the space for circular innovation), but, even more, building
relationships and collaborations that align the incentives between actors for consid-
ering whole lifecycles of assets. A researcher argued: “Circularity is partly innova-
tion, but largely not-so-innovation; namely, effectively using stuff that is already
there. [To achieve this, | the strictly contractual relationship between client and con-
tractor needs to be dropped to go to more constructive [relationships] to put actors
in their strengths.” Despite the agreement on the need for conditional changes, the
extent to which and by whom those need to be enforced are still under debate.
However, both market parties and public clients express a leading role for
government organizations.

Similar to the problem space, the perception of the solution space shows a diver-
gent image with a high level of fragmentation throughout the sector in terms of
dominant solutions for a successful transition towards a circular infrastructure sec-
tor. Although interviewees all have images on circular futures, those images differ.
The interviewees show yet an increasing understanding of the systemic implication
of circularity beyond technological “add-ons,” particularly in larger organizations.
However, the structural aspects of the sector pose major barriers to achieve such
solutions on an integral and systemic level. Nevertheless, there are several promis-
ing initiatives, particularly launched by large public organizations and networks.

18.4.4 Problem—Solution Interaction

Problems and solutions interact in the context of a mission. After having established
that the problem and solution spaces are both wicked, the interaction will have a
major impact in the evolvement of the mission. Various types of interactions are
discussed below.

The level to which CE was perceived as a goal rather than a means to address
underlying challenges was remarkably high. As a CE researcher stated: “I have
never consciously thought about it before, but there seems to be a shift from CE as
a means to CE as a goal in itself.” This was also implicitly confirmed by many
interviewees. For example, CE has, according to a policy maker increasingly
become a strategic pillar next to, for example, sustainability rather than under it.
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Still, it is often presented as a solution for various other (societal) challenges.
Specifically in the operationalization of CE in projects or specific products, circu-
larity is interpreted as a goal serving other challenges. As an asphalt expert illus-
trated: “when acting circular by reusing more asphalt, the overall CO, emissions
will also drop.” Within the set of interviews, it was visible that professionals with
more experience and expertise in CE see circularity as a means, while professionals
newer to the subject tend to consider it as a stand-alone objective.

A striking observation in the interviews was that, rather than considering it from
a problem perspective, several interviewees explicitly defined CE in terms of solu-
tions, most notably in terms of modularity and reuse. For example, a sector banker
stated that: “in CE, you try [...] as much as possible to take the reuse and lifespan
extension of materials into account.” This illustrates a blurry line between the prob-
lem and the solution space. The same goes for the R strategies, which are by some
presented as solutions to become circular and by others as targets to develop solu-
tions for. It indicates a co-evolution between the spaces. This co-evolution was also
acknowledged by a network manager: ““I think if we want to start seeing CE as the
new normal, we need to collectively live through it. We just need to put it to work to
start understanding what the implications are and to synchronize towards a com-
mon perception.”

For these reasons, several interviewees argued that it is not fruitful to aim for a
fixed and al-encompassing definition of CE or circular construction, nor to define
fixed problems and solutions. As indicated by a network manager: “I have never
believed in such uniform definition. [...] The focus should instead be on turning it
from an elitist sport to something for the masses and on moving people into the right
direction.” A researcher added: “if we keep adapting the definition of what a 100%
CE means, we will eventually get there, but if we stubbornly hold on to the current
definition, we won’t.” This illustrates the evolving character of the CE concept,
which can be at times converging, but also diverging. Nevertheless, about half the
interviewees explicitly mentioned the necessity for a uniform definition, most nota-
bly because of the measurability of progress and the political legitimization.

In conclusion, some interpret CE as a challenge in itself, while the majority is
increasingly seeing it as a means to address underlying challenges. Nevertheless,
there is shared perception that CE as a concept is still developing, not just in terms
of solutions but also conceptually.

18.5 Discussion

Results show that the problem and solution spaces of CE in construction are both
wicked. Many interpretations of the problem space do not only vary among respon-
dents but also when compared to literature on CE in construction (e.g. Hossain
et al., 2020). The problem and the solution space interact in an unpredictable way.
Applying this to the four quadrants (Fig. 18.1), the mission finds itself in a disori-
ented stage and evidence of a process towards an increasing alignment was not found.
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Hence, an effective transition towards CE requires learning about the problem
while experimenting with solutions, following a co-evolutionary logic (Wanzenbock
et al., 2020). A practical example of this co-evolution was confirmed in another
study considering the case of the pilot project on the development of a Circular
Viaduct in the Netherlands (Coenen et al., 2021). In line with our findings, the via-
duct case shows that while the pilot was designed according to the best knowledge
of making it circular at the time, the outcome of this process — the design — also
affected how others in the sector interpreted CE. As suggested in the Result section,
the meaning of circularity in the construction context must be discovered and con-
verged by experimenting and learning with solutions. Despite the exploratory nature
of this venture, coordination of the solutions is necessary to achieve this alignment
and to provide direction and share knowledge and insights from a policy perspective
(Mazzucato et al., 2020).

Because this notion of CE fits the conceptualization of a super-wicked problem
(Levin et al., 2012), CE is becoming a discursive resource to guide framings in
addressing other challenges, such as climate change (Green & Sergeeva, 2020). This
fits the purpose of the mission as a narrative for guiding and coordinating directed
change (Janssen et al., 2021). Nevertheless, this overlap limits the power of CE as a
mission because the CE does not simply offer a narrative for coupling challenges to
solutions. Instead, it acts as an intermediary concept by offering an ideal view of a
configuration of society (Kirchherr et al., 2017). However, results of our research
indicate that, while acknowledging the CE as a societal transformation, circular con-
struction is rather seen as a way of doing things more resource efficient — especially
regarding the reduction of primary resources. Such activity-based view of CE has
obvious limitations in terms of conceptual purity and possibly also for the transfor-
mation potential. In other words, recycling more, reusing more and building modu-
larly, will not lead to a regenerative, closed-loop system (Korhonen et al., 2018a).
Moreover, such framings are fundamentally different from the economic and politi-
cal conceptualizations that challenge the current consumeristic system itself (e.g.
Lowe & Genovese, 2022). Nonetheless, the solution-oriented interpretations offer
action perspective to actors needed to explore the problem space.

Although the societal challenges mentioned (e.g. resource depletion and carbon
emissions) underpin the various interpretations of CE, results indicate that the con-
cept is treated as a goal in itself too. Considering it as a target helps in guiding
change into a specific direction and hence to position it as a mission. Inspired by
Jasanoff’s socio-technical imaginaries (Konrad & Bohle, 2019), we hence propose
to understand the CE as a mediation concept. This means that, as an ideal imaginary,
CE has a mediating role between systemic change and societal challenges. As an
illustration, this means that, when considering it as a mediation concept, a designer
does not need to understand the full implications of the societal challenges that CE
aims to address to contribute to addressing those challenges, while policy makers do
not need to steer the actual solutions as long as the CE principles relate to the under-
lying challenges.

As a guide to change in practice, such mediation concept helps to tackle an inter-
acting set of societal challenges without the need to understand the full complexity
of them. This implies that the interpretation of the societal challenges is, through the
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CE concept, affected by circular solutions, while the circular solutions, in turn, are
operationalized through CE and substantiated by the underlying challenges. Such
conceptualization contradicts the many definitions and operationalizations of CE in
literature and practice, because these assume mostly a rather clear interaction
between the problems it addresses and the solutions that aim to solve these, such as
the closing and narrowing of the loops (e.g. Geissdoerfer et al., 2017; Kirchherr
et al., 2017).

18.6 Conclusions

To reveal the potential of CE in construction to guide change in line with wider
societal challenges, we studied the relation between the articulation of the CE mis-
sion in the Dutch construction policies and the perceptions of the problem and the
solution space of this mission in construction practice. We found that while the
policy documents provide generally clear terms and uniform conceptualizations, the
framings in practice vary strongly, even among the more CE-experienced practitio-
ners. This leads to a disoriented problem—solution space. Results indicate that the
interpretations of the problems and solutions regarding CE co-evolve. This demands
an experimentational yet coordinated approach to circular solutions to explore the
conceptual implications of the problems addressed by CE. Overall, the understand-
ing of CE in the Dutch construction industry is narrower than the interpretations of
CE in literature and can be understood as circular construction rather than CE. In
both policy and in practice, the focus is primarily on resource-reducing practices to
address not only resource scarcity but also reduction of wider environmental impacts
and loss of biodiversity (SDGs 11, 12, 13 and 15).

The inherent contestation of the CE concept, which was confirmed by the case
results and becomes transparent when positioning CE as a mediation concept, has
implications for mission-oriented policies. The CE concept contributes to aligning
the various perspectives with those challenges and, consequently, narrowing the
solution space by offering a long-term yet evolving ideal imaginary. Although being
instrumental in addressing a wider set of underlying challenges, it is essential to
define the conceptual boundaries of CE from a policy perspective. Entanglement of
the problem and the solution space, subsector-specificity and inability to envision
the eventually dominant solutions hinder the formulation of uniform objectives.
Given that construction is a highly demand-oriented sector with a major public cli-
entship, public policy should focus on the formulation and operationalization of
long-term objectives. This requires, on the one hand, the inclusion of the market to
safeguard feasibility of the objectives, and, on the other hand, the clients’ prepared-
ness to let go of actors that do not take the required steps.

This study was based on 20 interviews in a single context. Extending the sample,
for example through surveys, would give more insights into the variation of inter-
pretations and framings of circularity in construction. Furthermore, the results indi-
cate a large sectoral and geographic element in the framings of CE. However, the
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current study is limited to the framings in the Dutch construction context, while the
nature and diversity of framings might be different in other countries or contexts.
Doing similar research in other sectors, regions and countries would help under-
standing the CE as a mediation concept, would increase generalizability of the
results and would reveal insights in the opportunities for steering for circularity in
order to address a wide set of societal challenges. Such research would also inform
on the cross-sectoral alignment of the CE concept with respect to the addressed
challenges and potential solutions.
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Appendix: Anonymized Overview of Interviewees

No. ‘ Interviewee type

Public client organizations

1 Programme manager infrastructure at Dutch province

2 Programme manager infrastructure agency

3 Programme manager infrastructure agency

4 Policy coordinator water board association

Ministries

5 Coordinator, Ministry of Interior and Kingdom Relations
6 Policy officer, Ministry of Infrastructure and Water Management
7 Coordinator, Ministry of Infrastructure and Water Management
Industry

8 Consultant sustainable and circular construction

9 Consultant sustainable and circular construction

10 Consultant sustainable and circular construction

11 Sustainability coordinator contractor organization

12 Project coordinator contractor organization

13 Consultant sustainable and circular construction
Knowledge institutions

14 Asphalt expert independent research organization

15 Circular infrastructure scholar

Network organizations, platforms, and associations

16 Director circularity network organization

17 Sustainability manager industry association

Financial, legal and process experts

18 Economic expert sustainable construction

19 Legal expert sustainable construction

20 Standardization expert
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Chapter 19

Circular Supplier Partnerships

for Resource Economic Marketization
in the Construction Industry

Lasse M. Fredslund, Stefan Christoffer Gottlieb, and Christian Koch

Abstract Radical changes in supply chains relations are critical in a world of envi-
ronmental problems and limited resources. Presently, there is a partnership trend in
the Danish construction industry, where attempts to reconfigure supply chains
through strategic and collaborative arrangements are taking place. These partner-
ships are legitimized by their ability to capitalize on e.g. innovations and repetition
effects. However, it has been difficult to involve the supply chain actors as strategic
partners, which is problematic as a new resource economic marketization is depen-
dent on transformations of supply and demand throughout the entire supply chain.
Drawing on institutional theory, we analyze and discuss the role of concurrent orga-
nizational dynamics, market mechanisms, and supranational regulations in legiti-
mizing what is here labeled circular supplier partnerships (CSP) in the construction
industry. We illustrate the possible underpinnings of CSPs and analyze the barriers
to the development and legitimation processes of CSPs. In doing so, the paper sub-
stantiates CSPs as a possible driver for sustainable development by the consolida-
tion of the 17 UN Sustainable Development Goals.

Keywords Procurement - Partnerships - Circular economy - Marketization -
Legitimacy

19.1 Introduction

Human development and corporate actions of the linear economy have led to
increased societal prosperity and wealth (Lacy & Rutqvist, 2015). However, the
resulting population growth and unsustainable harvesting of natural resources have
led to environmental problems and resource scarcity. The global construction
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industry is one of the main contributors to these problems, being responsible for
almost 40% of all human-induced GHG emissions, and the construction and main-
tenance of buildings and infrastructure represent nearly 50% of the global material
consumption (IPCC, 2021). Resource economic business models and marketiza-
tion, also known as the circular economy (CE), is a conceptual remedy to these
problems and has been promoted as business concepts and public policies, e.g. in
the EU Circular Economy Action Plan and the EU taxonomy for sustainable activi-
ties (European Commission, 2021). However, the process of generating common
understandings and gaining legitimacy for CE poses a particular challenge for actors
who want to negotiate the current market conditions of the linear economy.
Moreover, there are various interpretations of circular economy business models
(CEBM) causing limited industry sensitivity (Liideke-Freund et al., 2019) and lack
of knowledge on how actors legitimize (Demil et al., 2018) their business models
according to relevant CE aspects (Centobelli et al., 2020). According to Geissdoerfer
et al. (2018), CEBM and supply chains are critically linked in the realization of a
resource economic marketization, which calls for new understandings of how circu-
lar supply chain collaborations can be organized in the complex and project-based
construction industry, including the Danish.

The construction industry is characterized by opportunistic behavior and short-
term individual transactions, which often leads to misaligned goals and misaligned
incentives structures (Davies & Doherty, 2019). However, two concurrent tenden-
cies, circular economy and strategic partnerships, encourage new types of collabo-
ration. The merging of concepts and approaches from these two trends can be
understood as a possible joined concept of “circular supplier partnerships” (CSPs),
which in this paper, are seen as strategic and collaborative arrangements between a
client and several supplier organizations based on CEBM. We argue that CSPs pos-
sibly have the capacity to overcome the structural issues of the construction indus-
try. However, to achieve this necessitates the theorization and legitimization of
CSPs as driver for a resource economic marketization. Combining an analytical lens
of institutional theory stressing the role of legitimacy (Deephouse et al., 2017) with
a mix-method case study of a strategic partnership, the purpose and aim is thus to
discuss how CSPs can be legitimized and what role concurrent organizational
dynamics, market mechanisms, and supranational regulations play in this process.
In doing so, the paper addresses the 17th UN Sustainable Development Goals (UN
SDG) “Partnership for Sustainable Development” (UN SDG, 2020).

19.2 Theory

The project adopts the theoretical aspects of theorization and legitimacy from orga-
nizational institutionalism (Diez Martin et al., 2021) to create an opportunity for
analyzing barriers and drivers on multiple-levels, e.g. organizational dynamics,
market mechanisms, and supranational regulations in relation to CSPs in the Danish
construction industry. Theorization is vital because it connects to the centrality of
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institutional thinking, namely how new ideas become legitimated and made avail-
able in simplified form for wider adoption (Greenwood et al., 2002). Organizational
legitimacy can be understood as: “the perceived appropriateness of an organization
to a social system in terms of rules, values, norms, and definitions” (Deephouse
et al., 2017, p. 32). The concept of legitimacy is a suitable analytical framework to
understand what rules, values, norms, and definitions are essential to theorize in the
understanding of CSPs in the transition toward a resource economic marketization.
We moreover draw on the concept of legitimacy (Bitektine & Haack, 2015) to
examine how moral, pragmatic, regulatory, and cognitive forms of legitimacy are
challenged by altering current linear regulations, values, and exchange systems
(Deephouse et al., 2017). Legitimacy is a corporate survival-enhancing phenome-
non (Boxenbaum & Jonsson, 2017) derived from conforming to institutionalized
myths in a field (Meyer & Rowan, 1991). It affects an organization’s ability to
attract both social and economic resources as well as its status, reputation, and mar-
ket access, where an organization can eliminate competition if it appears more legit-
imate on the market (Deephouse & Carter, 2005). We draw on these insights to
analyze the actions required to legitimize circular rules, norms, and definitions on
multiple levels, which often compete with the actions and beliefs of the dominant
linear economy of the neoliberal society (Lounsbury & Glynn, 2001).

19.3 Method

The paper aims to provide an understanding of different legitimacy dynamics and
mechanisms of CSPs at multiple levels. The empirical basis is a case analysis of the
strategic partnership TRUST that constitutes as a paradigmatic case (Flyvbjerg,
2010) on how a strategic partnership is organized and operates in the Danish con-
struction industry. The TRUST partnership is focal in a CSP perspective because the
internal members are practicing a more relational, long-term, and dependent
approach through, e.g. risk sharing, knowledge development, and repetitive effects
legitimizing the partnership in the Danish construction industry (Gottlieb et al.,
2020a, 2020b).

The empirical material is collected through a mixed method approach involving
interviews, a survey and relevant background literature. Ten semi-structured inter-
views have been conducted with employees and related suppliers in TRUST focus-
ing on different perceptions across organizational levels e.g. suppliers, wholesalers,
senior management, purchasers, process coordinators, project managers, and crafts-
men. The interviews focused on barriers and drivers to better understand supply
chain integration in a strategic partnership. Moreover, a survey with 130 respon-
dents quantifying the current maturity level for supply chain collaboration in the
Danish construction industry have been carried out addressing underlying aspects
of four maturity levels e.g. prices competition, prices and quality competition, proj-
ect partnerships, and strategic alliances. Thus, the case study is limited by the con-
text of the TRUST partnership and an overall survey, which cannot paint the full
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picture of an entire industry. We can therefore not draw universal generalizations,
but contextual generalizations that require insight into how this case study differ
from other cases (Siggelkow, 2007).

19.3.1 Case Description

TRUST is a partnership formed in 2016 in response to the City of Copenhagen’s
decision to tender a substantial part of their municipal renovation and construction
projects through strategic partnerships. This alternative approach is created based
on several urgent challenges related to increased urbanization, the need to strengthen
the welfare system, and decrease time overruns and construction costs, which were
considerably higher in Copenhagen than in other comparable municipalities. One of
the partnership tenders was won by the TRUST consortium, which created a strate-
gic partnership of six key partners in a 4-year project portfolio worth four billion
DKK. The strategic partnerships were believed to address the mentioned and press-
ing issues through a shared location involving long-term cooperation across a proj-
ect portfolio targeting common benefits and objectives (Frederiksen, 2021). The
initial vision was to extend the strategic partnership to both subcontractors and sup-
pliers creating an opportunity to involve the competence and resources of the exter-
nal actors, while also ensuring effective competition (Construction Copenhagen,
2016). However, it quickly became apparent that it was difficult to involve the sup-
ply chain on an equal basis with the other partners regardless of initial efforts.
Despite this problem, the TRUST partnership is hailed as a prominent, effective,
and innovative partnership, due to its focus on continuously optimizing productiv-
ity, while issues of both the supply chain and sustainability have had a less promi-
nent role in the partnership. The case is nevertheless interesting in a CSP perspective
because the internal members are practicing a more relational, long-term, and
dependent approach through risk sharing, common objectives, knowledge develop-
ment, and harnessing of repetition effects than usually found in the Danish con-
struction industry (Gottlieb et al., 2020a, 2020b).

19.4 Analysis

The analysis takes a multi-level perspective to scrutinize how CSPs can be legiti-
mized and the role of concurrent developments of organizational dynamics, market
mechanisms, and supranational regulations in this process. Thus, the analysis pro-
vides a foundation for discussing how current supply chain initiatives together with
new regulations can be a lever for development of new resource economic forms of
marketization. First, we analyze organizational processes, strategies, and practices
affecting the legitimizing of the supply chain as a driver for CE. Second, we analyze
the role that CSPs play in the formation and realization of a resource economic
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marketization as an arena for a broader diffusion of CE. Finally, we analyze institu-
tional and regulatory responsibilities to better understand structural change in rela-
tion to legitimizing CE and CSPs as a precondition for resource economic
marketization.

19.4.1 Circular Economy in the Supply Chain

Geissdoerfer et al. (2018) argue that CE business models are highly related to the
actors of the supply chain, where a circular supply chain is theorized by “reverse”
or “closed’” resource loops that can maximize value over the lifetime of a product by
remanufacturing, renovation, or recycling. Various strategic concepts to consolidate
and manage circular supply chains have been proposed across different industries,
e.g. strategic alliances, partnerships, or networks involving a more relational, depen-
dent, and long-term relationship (Schenkel et al., 2015). Lahane et al. (2020) have
defined a new domain of “Circular Supply Chain Management,” which focuses on
resource regeneration to utilize and capture the value of resources in a better way.
According to Geissdoerfer et al. (2018), this approach must be able to address sev-
eral objectives to achieve economic, environmental, and societal objectives, includ-
ing how different beliefs and competences can be reconciled in strategic relationships.
CE business models, however, require a rethinking of the construction industry’s
local practices and structures in terms of how to create collaboration beyond the
current organizational boundaries (Angelis et al., 2018).

The TRUST partnership has tried to involve the suppliers to a greater extend,
which is expressed by the Director of TRUST: “We created a local supplier forum,
where there was a great interest from the suppliers creating a more open dialogue
about products, functionality, and pricing.” However, according to a TRUST sup-
plier, the forums were motivated by the suppliers to increase their share of the proj-
ect portfolio and were based on typical supply and demand negotiations. This
reflects a general lack of strategic supplier involvement in the Danish construction
industry, where it has been difficult to involve the actors of the supply chain in a
more strategic effort (Fredslund, 2021). As such, new endeavors entail negotiations
of different relevant legitimacy aspects, e.g. perceptions, performance, regulations,
and values (Deephouse et al., 2017) integrating the suppliers in a strategic and pro-
longed relationship. This is also seen in the survey that illustrates a greater consid-
eration of a narrow pricing and one-time collaborations, rather than a consideration
of prolonged and relational conditions. Moreover, it has been problematic to create
a more strategic involvement of the suppliers due to considerations of pricing. This
issue also applies in the TRUST partnership, as argued by the Business Area
Manager: “Both parties [client and suppliers] need to see an advantage of the part-
nership, that’s what you have to ensure. But, we focus on how much we have to pay
when we buy it. In reality, we should measure the costs when it is assembled. We do
not get that strategic dialogue with the supplier.” In order words, it has been diffi-
cult to legitimize a more strategic involvement of the supplier’s competences and
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resources due to a “merchant culture” focusing on narrow prizing instead of multi-
criteria, which otherwise define a higher procurement maturity (Meng et al., 2011).
Findings from the survey indicate that this paradox is a problem in the Danish con-
struction industry, and, consequently, that there is a need to rethink the relations
with the suppliers addressing the strategic concepts of CE (Goérecki et al., 2019).

The understanding of the CE principles is thus based on a basic representation of
a much more complex organizational system (Geissdoerfer et al., 2018), which
includes involvement of the suppliers and differs from the conventional linear sys-
tem and thinking. CE business models represent a set of strategic decisions designed
to preserve the embedded environmental and economic value of a product or service
in either biological or technological loops (Centobelli et al., 2020). CE business
models imply new social interactions (Ranta et al., 2018) across the entire value
chain and can be perceived as a very abstract concept based on many different
understandings and without a greater degree of industry anchoring and sensitivity
(Liideke-Freund et al., 2019). This calls for new approaches and processes
(MacArthur, 2015) that erode the “taken for grantedness” or cognitive legitimacy of
the linear economy by expanding the organizational boundaries of current strategic
partnerships in the Danish construction industry. Circular supply chains have a cru-
cial role in the efforts to reduce GHG emissions, resources, and risks while main-
taining competitiveness through business models that combine production and
consumption systems with the CE principles (Lacy & Rutqvist, 2015; NuBholz,
2017). This means that CE structures are highly linked to the legitimation of CSPs,
where definitions and realization of a resource economic marketization can be seen
as an arena for mobilizing CSPs.

19.4.2 Resource Economic Marketization

Resource economic marketization entails the challenge of valuing material that
changes status from being “waste” in a linear model to being a resource that can be
reintroduced into buildings in a “circular” model. This change of status implies a
liberation of the material from the context in which it was considered as waste, to
how it can enter a resource economic market relation (Callon, 2017). To be included
in a new context, the material must undergo a valuation that presupposes a standard-
ization and a normative and pragmatic legitimation of how the properties of the
material have value and can perform under new market conditions. According to
Koch and Polesie (2021), this valuation requires “intermediaries” across the supply
chains, such as the many portals and platforms emerging these years, to enable
exchanges and relations between buyers and sellers. This involves a mixed qualita-
tive and quantitative (Callon, 2017) valuation of goods, which is not specific to a
particular market (Kahneman & Tversky, 1972). Yet, the balance between the quan-
titative and the qualitative in the CE is shifted toward greater legitimation of resource
economic considerations. At the same time, the formation of new roles means that
structure-setting organizations change character (Brunsson & Jutterstrom, 2018),



19  Circular Supplier Partnerships for Resource Economic Marketization... 275

e.g. the suppliers’ or contractors’ role in handling CE goods on a resource eco-
nomic market.

A mixture of qualitative and quantitative valuations, also known as multi-criteria
pricing, involves considerations, e.g. sustainability, collaborative evaluations, or the
relations that are part of a specific product life cycle. However, this form of pricing
is challenged by the merchant culture and one-off collaborations in the Danish con-
struction industry. Moreover, qualitative prizing is based on different soft aspects,
which are extremely difficult to document as stated by the Strategic Purchaser of
TRUST partnership: “That is the challenge for TRUST. There are many of these soft
values that should provide value, but they are really hard to measure. And the para-
dox is whether we should have fewer suppliers and close relationships or total com-
petition among many suppliers” TRUST has reduced the suppliers within each
product category, creating a better foundation for cooperation and more holistic
pricing. Yet, a lack of transparency, mutual trust, and monopoly conditions has
made it difficult to create strategic relations with the suppliers. It is especially the
case for complex and cost-intensive products, e.g. concrete elements or facades, as
demonstrated by the Director of the TRUST partnership: “You can do nothing, you
stand ‘naked’, and they are the ones who rule over you. And you just have to adjust
to what they want, otherwise you will be put back in the supply queue.” Hence, the
realization of a resource economic marketization involving the mobilizing, legiti-
mation, and diffusing of CSPs will presumably be problematic in the current insti-
tutional environment of the Danish construction industry, which is characterized by
different relational problems, as well as low earnings and high risks affecting the
leeway for innovations. However, CSPs could be enhanced by organizations’ future
need to comply to regulatory demands from supranational authorities (EU/UN),
where CE procurement processes are an extension of EU’s formal ambitions for a
stronger sustainable development (Eurocities, 2020; IBMin, 2021).

19.4.3 Institutional and Regulatory Responsibility

According to Kirchherr et al. (2018) and Rizos et al. (2016) dominant actors, e.g.
politicians and governments, have an institutional responsibility because they can
be either “drivers” or “barriers” to more circular transitions, and thus a lever for a
regulative legitimation of CSPs. These dominant actors can remove existing barriers
and theorize the development of more dedicated CE-initiatives across different soci-
etal levels and dimensions. This is important since CE challenges the current prac-
tices and structures as well as the regulatory legitimacy of the linear economy in the
Danish construction industry. Moreover, there is an absence of standards (Nuf3holz
etal., 2019), as well as a general lack of common understandings of CE visions for
the Danish construction industry (Danish Construction, 2019) that counteract the
establishment of new market conditions for CE products and services as well as
recycled materials. Thus, circular construction can be considered as a “market in the
making” (Kohler et al., 2019) characterized by competing perceptions of conflicting
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linear and circular rationales, values, and meanings systems, creating high complex-
ity, contradictions, and over time competition.

In this context, the EUs Circular Economy Action Plan and EUs taxonomy for
sustainable activities (European Commission, 2021) can be considered as a cen-
trally driven governance initiative, which may have a decisive impact on a more
legitimated shift to a resource economic marketization. The regulatory legitimacy
mechanisms intervene in the financial and business markets, which is crucial for the
concept of CE among other mechanisms financing construction projects in the
future. In 2021, EU posited accounting requirements for the largest companies, and,
from 2022, banks and other financial institutions that invest in buildings will have to
document a high percentage of the materials used are part of circular loops. It may
then be likely that the major construction contractors and relative municipalities and
other clients addressing this legislation will make similar demands on potential stra-
tegic partnerships, the supply chain, subcontractors, and the rest of the value chain.
This means that the regulation may also affect smaller actors in the industry and
create a momentum for both regulatory and normative legitimacy in the develop-
ment of CSPs. However, the EU is not alone in taking regulatory action in relation
to the CE. A number of nations are preparing similar interventions in construction
processes and practices, and also more voluntary initiatives, based on a series of
actors including cities that ally themselves internationally, are profiled in circular
construction and legitimize the development through local demands. Accordingly,
the “green transition” calls for new institutional preconditions and structures (Farla
etal., 2012), which can create interactions between different perceptions, resources,
and competencies. This can take the form of new types of organizations, such as
CSPs, to integrate and combine CE structures and rationales between already estab-
lished sectors, organizations, and practices.

19.5 Discussion

The development of new forms of organization is already taking place in the Danish
construction industry, where strategic and collaborative constellations in the form of
strategic partnerships and project portfolios have begun to gain a high degree of
legitimacy. The Strategic Partnership TRUST has shown its worth by reducing risk,
conflicts, and costs by establishing stronger relationships, repetition effects, and
innovations (Gottlieb et al., 2020a, 2020b). In an ideal form, the current Danish
development attempts to create a new relational culture without regard to the origi-
nal organizational boundaries. But for the most part, this effort never reaches the
strategic level across the actors of the supply chain, where collaboration is often
characterized by short-term relationships that do not necessarily reach beyond the
individual project. Another barrier to strategic supplier involvement is a lack of
economic transparency, which is an ingredient for trust, cooperation, creativity, and
optimizations, which is stated by the Strategic Purchaser of the TRUST partnership:
“You have to open up, and we are incredibly bad at that. We only look in our own
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boxes, and we are not honest. That is why we have so many conflicts and no common
interests. However, transparency go both ways and it stops already with ourselves
in the partnership.” Thus, price and data transparency seem to be key rationales for
building up trustful, dependent, and long-term relationship through CSPs. These
aspects are stressed by the majority of the survey respondents as key-development
areas for promoting relational forms of procurement practices in the Danish con-
struction industry.

The TRUST partnership is legitimized by the ability to capitalize on innovations,
repetition effects, and fewer legal disputes (Frederiksen, 2021; Gottlieb et al.,
2020a, 2020b), where the internal partners are addressing some of the above key-
rationales. These aspects constitute the TRUST partnership as interesting in relation
to the development of CSPs both building on established legitimacy and complying
with supranational regulations (EU/UN). Despite the lack of strategic supplier
involvement, the Director of TRUST can see a major potential in expanding the cur-
rent organizational boundaries: “There is a huge potential if we dare to open up the
entire value chain. This is where the true trust reveals and you solve things together
openly and honestly, which gives better processes and economy. The effect is that
you are two about solving the challenges instead of just one.” It is therefore surpris-
ing that a more strategic and long-term approach has not yet been initiated across
the value chain and especially given that many issues in the EU construction indus-
try can be attributed to traditional procurement practices. However, the current part-
nership trend, coupled with supranational regulations and policies (EU/UN), may
act as an important lever for legitimizing the development of CSPs and resource
economics marketization through joint activities and new value orientations, rather
than relying on activities that are mobilized by individual actors (Gray & Purdy,
2018; Villani et al., 2017).

Products and services from the supply chain and the subcontractors account for
the majority of costs, work activities, and resource consumption in projects.
Moreover, the diffusion and mobilization of CE business models is highly linked to
the development of CSPs, which together reveals the supplier’s key-role in the real-
ization of a resource economic market that may answer the expectations of suprana-
tional authorities. As such, it is difficult for a single actor, such as the contractor, or
the TRUST partnership to address these urgent issues without closer and more rela-
tional cooperation with the supply chain or the subcontractors. The assumption is
that the competencies, resources, and innovation potentials that are embedded at the
external actors must be legitimized through the development of CSPs for a resource
economic market to be established. This requires a confrontation with the various
aspects of regulatory, moral, and pragmatic legitimacy, which currently only repro-
duce the cognitive legitimacy or “faken-for-grantedness” of the linear practices,
structures, and economy. In perspective, CSPs can be seen as a new approach to
better align strategic activities with the external actors of the supply chain in a com-
mon effort of orchestrating a resource economic marketization as an arena for CSPs.

There is a development gap in how actors rethink their value network, the orga-
nizational structure, and the relationship with, e.g. clients, supply chain partners,
and end-users (Centobelli et al., 2020) complying with future regulations, policies,
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and ambitions (EU/UN). Resource economic marketization requires organizational
change (Brunsson & Jutterstrom, 2018) and actors creating legitimacy through
CSPs processes. This implies working on legitimacy within an interorganizational
system and accepting a common set of structures, values, and beliefs (Demil et al.,
2018) stressing the cognitive dimension of CSPs (Martins et al., 2015). Yet, the
process of creating legitimacy for a new market is often a challenge for the involved
actors, especially in relation to competing and conflicting linear perceptions and
practices (Hedberg & Lounsbury, 2021). However, CSPs may potentially create a
necessary nexus in the progress of new CE norms, regulations, and practices over-
coming current tensions between competing practices and beliefs in the realization
of aresource economic marketization in the Danish construction industry. Criticizing
the mechanisms of the linear economy is important since the overall construction
industry is one of the major contributors to global warming, pollution, and resource
scarcity. The EU is trying to accelerate the transition to a CE with measures aimed
at reducing resources and waste through regulations, action plans, and taxonomy for
sustainable investment. These initiatives stress the need for an ambitious sustainable
development, which is one of the most prevailing societal challenges in modern
times. This involves changes in supply, demand, and distribution of resources,
which may lead to either conflict or cooperation in the society. CSPs may thus be
considered as an important initiative and driving force for sustainable development
through new forms of strategic partnerships with the suppliers, which address the 17
UN SDG “Partnership for Sustainable Development” (UN SDG, 2020).

19.6 Conclusion

We have analyzed and discussed the role of legitimacy in understanding how CSPs
may act as a driving force for resource economic marketization in the Danish con-
struction industry. The case study of the TRUST partnership indicated that rela-
tional aspects can create legitimacy on the market by decreasing the negative effects
of the current structures and practices of the Danish construction industry, which
often leads to, e.g. high risks, misaligned objectives, and conflicts. However, pro-
cesses of CE business models and a resource economic marketization invite new
forms of partnership organizations with the actors of the supply chain and should
lead to reflections on the present difficulties expanding the boundaries of strategic
partnerships. These difficulties are affected by an absence of trust, transparency,
monopolization, and a merchant culture focusing on the lowest price instead of a
more holistic pricing. As such, it would be instrumental in the current partnership
boundaries that were extended involving the resources and knowledge that are
nested in the supply chain through CSPs. It is thus interesting that the respondents
and other research recognize a significant potential in answering the different CE
challenges through a more integrated and strategic collaboration with the supply
chain. This highlights the necessity for CSPs, where the strategic partnership trend
in the Danish construction industry can provide an important empirical
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understanding on how CSPs can be formed and developed by expanding organiza-
tional boundaries, perceptions, and practices.

However, these challenges are difficult to handle in the Danish construction
industry, where the fragmented and complex environment poses a barrier to com-
mon and long-term pursuits of CE objectives involving the legitimization of CSPs.
In this pursuit, the EU has formalized a “Circular Economy Action Plan” that
emphasizes a need to stimulate a new market for CE in the EU construction industry
involving cross-sectoral structures, where private and public sectors create a com-
mon mission together. Based on this plan and the 17th UN SDG, the paper is con-
tributing to new understandings of how a Danish partnership trend and supranational
regulations (EU/UN) can be a lever for CSPs and over time a resource economic
marketization in the Danish construction industry. Moreover, the paper is strength-
ening the research field of supply chain operations with a greater regard for a circu-
lar transition and resource economics understandings. In this perspective, further
research should address a deeper empirical understanding of legitimation processes
that can promote strategic partnerships in the supply chain targeting an increase of
circular and relational principles in organizations work mode.
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Chapter 20 )
The Impact of the EU Taxonomy ST
of Sustainable Finance on the Building

Field

Christian Koch, Martine Buser, and Rickard Andersson

Abstract If the capitalist economy could be redirected to serve sustainability, it
would bring hope for having a chance to mitigate the ongoing climate change.
Following the Paris accord, the EU has undertaken several initiatives to regulate the
private sector activities among which the EU taxonomy. The taxonomy aims at
directing private finance investments by providing a classification system establish-
ing a list of environmentally sustainable economic activities. The question this
paper aims to address is what are the implications of regulation of finance and
investments for companies in the building and real estate sector? Drawing on insti-
tutional theory, focusing on legitimacy, we follow the process of introducing the
taxonomy within three companies — a contractor, a real estate company, and a con-
sulting engineering company — to identify the changes the taxonomy can introduce
in their business. Keeping in mind that establishing the regulation and the taxonomy
is a compromise between politicians, industry lobbyists’ interventions, and techni-
cal experts’ advices, the proposed solutions may not be able to achieve the afore-
mentioned goals. The cases were selected as possible forerunners of the impact of
the taxonomy in Sweden. Two of the companies, a contractor and a real estate com-
pany, engaged recently in systematizing their measures, documenting their climate
impact, and establishing strategic goals for reduction of energy and material con-
sumption. The third, a consulting engineer company, has so far felt comfortable
doing progressive statements. The extra effort of establishing documentation was
carried out within 3 years during which the companies have had an unusually good
economy. The analysis shows that the taxonomy is not demanding enough to pro-
vide the needed push for living up to the Paris accord and consequently risks becom-
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ing a publicly sanctioned greenwashing. The paper aims at reinforcing the
development toward a sustainability of the Swedish construction sector. In doing so,
it contributes to SDGs 11, 12, and 13.

Keywords Sustainable finance - Taxonomy - Sweden - Institutional theory -
Legitimacy

20.1 Introduction

Upon the Paris climate summit, it has become increasingly clear that public efforts
would not be able to reach the Paris agreement without the help of the private sector.
The latter needs to be mobilized — and its dynamics of development accelerated — if
a 2-°C goal is to be obtained. The European Union has seen a host of initiatives fol-
lowing the summit, such as EU’s 2030 climate target plan (Hadfield & Coenen,
2022). At a national level, Sweden, for example, has launched initiatives more spe-
cifically directed to the construction sector such as the Swedish governmental law
on climate declaration for new buildings, an obligatory light-weight life-cycle anal-
ysis (LCA).

The most ambitious and systematic of these initiatives is probably the coming
EU regulation package of sustainable finance, the taxonomy (EU, 2022a, b, c). This
set of regulations is partly accepted and partly still under development, and negotia-
tion aims at defining and specifying a classification system of economic activities
that can be considered environmentally sustainable. As part of the Green Deal, it is
designed to help the EU meet the coming 2030 and 2050 climate goals. In order to
achieve these goals, companies and investors must be clearly informed about what
are the types of investments to make to avoid greenhouse gas emissions. The tax-
onomy therefore establishes criteria for around 80 economic activities, which the
companies’ projects, processes, or products must fulfill to be classified as sustain-
able. Providing this common standard, should create security for investors, prevent
greenwashing, help companies to become more climate-friendly, mitigate market
fragmentation, and help investors compare investments across the member states.
This should help guide investments where they are most needed. Companies will be
required to assess how their activities perform against the taxonomy criteria and
publish these results annually. From January 1, 2023, all large companies will be
required to report their taxonomy alignment, along with relevant information that
may help investors assess their performance (EU, 2022a, b, c).

The regulation targets companies domiciled in EU with more than 500 employ-
ees and SMEs, listed on the stock exchange (EU, 2021). It is thought to help steer-
ing and regulating financial activity in a sustainable direction by setting demands to
banks and other financial institutions. According to the EU taxonomy, an economic
activity is sustainable if it “makes a substantial contribution to at least one of six
environmental goals, does not significant harm to the remaining five goals and com-
plies with the minimum standards set out by the EU, UN and OECD (social and
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governance demands)” (Ahmad, 2021). The demand element to do no significant
harm is called the “Do No Significant Harm” (DNSH) principle.

The system has been required and contracted by EU, which has tasked several
expert groups to develop the sustainability criteria (Schiitze & Stede, 2021), influ-
enced by industry lobbyists and in turn politicians of the EU commission and the
European parliament that have negotiated and passed the adjacent legislation.

The construction and real estate sector is dependent on project financing and
therefore firmly rooted in the financial market. This goes especially for clients in the
private sector, which are a series of private equity foundations. Moreover, the con-
tractors, consulting engineering and real estate companies are also in need of financ-
ing their own company development.

Building on neo-institutional theory that gives us the possibility to connect trans-
formation of the regulative system and the reactions of organizations to these
changes, the paper aims at identifying what are the implications of a public-science-
driven regulation of finance and investments aiming at creating sustainability for
companies in the construction and real estate sector.

The empirical material has been collected through a desk study of press releases,
companies’ documents, legislations, and academic productions related to the EU
taxonomy. To illustrate the activities taking places in the sector, the case of three
forerunner companies have been selected, i.e., companies prepared to anticipate and
follow the direction taken by the new regulation.

20.2 Theoretical Framework

20.2.1 |Institutional Theory

To examine the role of the taxonomy for companies operating in the building and
real estate sector in Sweden, we build on the theoretical frame of institutional the-
ory. This enables us to explore how the socially constructed forces shape organiza-
tional reality and guide organizational behavior. Scott (2014, p. 56) has defined
institutions as comprised of “regulative, normative, and cultural-cognitive elements
that, together with associated activities and resources, provide stability and mean-
ing to social life.” These three institutional pillars mold organizational behavior
through beliefs and values by providing both guidance and the necessary resources
to generate certain behaviors, while also preventing others (Scott, 2014). This also
includes that deviations from those institutionally prescribed behaviors should be
associated with some form of cost (Lawrence et al., 2011). The regulatory pillar
involves the process and ability to establish rules and compliance mechanisms in
terms of different forms of rewards and sanctions that enforce conformity to them
e.g., laws, rules, directives, regulations, and other formal structures of control (Scott,
2014). Organizations are therefore expected to respond to regulatory changes as the
basis of legitimacy is what is legally sanctioned (Ranta et al., 2018).
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Legitimacy has been described as a key component to institutional change
(Suddaby & Greenwood, 2005; Suddaby et al., 2017) and has been defined by
Suchman (1995, p. 574) as a “generalized perception or assumption that the action
of an entity are desirable, proper or appropriate within some socially constructed
system of norms, values, beliefs and definitions.” An underlying assumption is that
organizations are actively seeking to either maintain or increase their legitimacy to
gain acceptance within their institutional environment and thereby ensure their
long-term survival (Mignerat & Rivard, 2009). Legitimacy can be described as a
process of collective meaning-making that is actively negotiated through language,
communication, and translation.

Organizations have been described to strive to gain greater legitimacy among the
actors within their institutional environment as a means to thereby obtain better
organizational results as well as improved access to resources (Diez-Martin et al.,
2013). But even though the creation of a legislative framework may support the
transition toward more sustainable practices, the lack of legitimacy for the practices
proposed by it may result in dismissal among the actors (Ranta et al., 2018). Also,
that organizations strategically carry decoupling activities where they ceremonially
respond to formal rules to gain legitimacy from outside, but at the same time keep
their internal practices untouched (Stal & Corvellec, 2018; Kern et al., 2017). This
indicates that any given initiative is decided through a holistic combination of all
institutional pillars where the legitimacy of the regulative pillar in itself is not capa-
ble to induce change within an institutional environment (Ranta et al., 2018).
Although the regulative pillar is more easily manipulated and can be planned in a
more strategic manner, changes in the regulative pillar still require support from
elements in the normative and cultural-cognitive pillar to mitigate the risk of becom-
ing superficial (Scott, 2010).

20.3 Method

This paper builds on an interpretative approach and a desk study to gather the
empirical material. Following the emergence of an EU legislation is unusually com-
plicated as it involves a heavy bureaucracy, European political institutions, a large
number of private stakeholders, and multiple national arenas among others. To fol-
low this development, we have followed a process theory perspective which gives
particular attention to the chronological ordering of the contributory events as a way
of capturing the key factors that explain the role of different actors in shaping policy
and regulatory changes (Pierson, 2004). The desk study encompasses the regulative
frame, the gathering of legislations, directives, consultations, analysis of selected
responses to the hearing rounds, and other regulatory measures at the European and
national level (namely Sweden), as well as public and professional media coverage
and academic production on the topic of taxonomy. The collection of this material
covers the period from April 2021 to February 2022 and is part of an EU-funded
project since August 2021.
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We have chosen to follow up three selected companies that can be described as
forerunners. The three companies have communicated publicly about their process
to comply with the EU taxonomy demands. All three are large shareholder compa-
nies are due to make their 2021 annual reports accordingly. Two companies,
Wistbygg and Platzer have used the taxonomy to enter the Nasdaq Green Equity
notation and the third COWI is a non-noticed shareholder company, which never-
theless have taken important steps in the direction pointed to by the EU taxonomy.
To document the three case studies, we have collected information from companies’
homepages, press coverages, annual reports, and external evaluations carried out by
consulting companies (so-called “second opinion”™).

The frame of understanding is based on a selective literature review drawing
papers related to sustainable development and institutional theory.

20.3.1 The Emergence of the Taxonomy

The emergence of the taxonomy frames the following three cases. An important
milestone was the issue of an EU action plan related to the New Green Deal
(European Commission, 2018). At this time, a technical expert committee was
tasked to develop the needed instruments for the regulation of the financial market
in a sustainable direction. The expert committee came up with a proposal of criteria
for almost 80 climate change mitigation activities and almost 100 climate change
adaptation activities, including do-no-significant-harm criteria across six environ-
mental objectives. These are:

. Mitigation criteria

. Climate change adaptation

. Sustainable use and protection of water and marine resources
. Transition to a circular economy

. Pollution prevention and control

. Protection and restoration of biodiversity and ecosystems

AN AW =

An organization of panels of interest groups was established in the process. This
included a member state expert group with ministry representatives from the mem-
ber states; the technical expert group established in 2018, which contributed to the
basic creation of the taxonomy and contained people with scientific background;
and the sustainable finance platform established in 2020, which included a large
number of industry interests (associations), but also NGOs such as Green Building
Council and Ellen Macarthur Foundation among the main actors. We condense this
contribution under what is called the “social dialogue panels.” The legislation on
non-financial disclosure regulating the listed companies was accepted in June 2020.

The commission established a second-generation experts’ panel calling it the
platform of sustainable finance. The appointment of members for this 50 members
panel was done through an open call, meaning banks like SEB, Allianz, and BNP
Paribas, became members. The Platform on Sustainable Finance is supposed to
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work on the missing parts of the taxonomy, i.e., protection of biodiversity, the
transition to a circular economy, protection of water and marine resources, pollu-
tion prevention, social aspects, and environmentally harmful activities. The legis-
lation of the first two aspects of the taxonomy, climate mitigation and adaption,
was passed in June 2021. As a dispute between nations members over nuclear
power and natural gas as being recognized as part of the transition, broke out, the
technical expert’s panel threatened to withdraw (November 2021). By January
2022, the taxonomy for climate mitigation covers seven business sectors: agricul-
ture and forestry, manufacturing, energy, transport, buildings, water, waste and
sewage, and information and communication technologies (ICT) (Schiitze &
Stede, 2021). More specific to the construction sector, the taxonomy identifies
two technical screening to take into consideration: the first one for “substantial
contribution to climate change mitigation” (EU, 2021) for construction of new
building and includes the following:

1. The energy performance of the building should be at least 10% lower than the
threshold set for the nearly zero-energy building requirements in national
legislation.

2. Buildings larger than 5000 m? should be tested for air-tightness and thermal
integrity, and any deviation should be disclosed to investors and clients.

3. As part of the transition to a circular economy, at least 70% (by weight) of the
non-hazardous construction and demolition waste should be recycled to new
buildings.

4. Building designs and construction techniques should support circularity and in
particular demonstrate the ability for disassembly or adaptability of buildings,
i.e., to be designed to be more resource efficient, adaptable, flexible, and disman-
table to enable reuse and recycling.

The second for “substantial contribution to climate change adaption” (EU, 2021)
for existing buildings and new buildings and includes the following:

1. The building is not dedicated to extraction, storage, transport, or manufacture of
fossil fuels.

2. The energy performance of the building resulting from the construction does not
exceed the threshold set for the nearly zero-energy building.

3. The specified water use for the following water appliances should comply with
(a) wash hand basin taps, and kitchen taps have a maximum water flow of 6 L/
min; (b) showers have a maximum water flow of 8 L/min; (c) WCs have a full
flush volume of a maximum of 6 L and a maximum average flush volume of
3.5 L; (d) urinals use a maximum of 2 L/bowl/h. Flushing urinals have a maxi-
mum full flush volume of 1 L.

4. As part of the transition to a circular economy at least 70% (by weight) of the
non-hazardous construction and demolition waste should be prepared for reuse,
recycling, and other material recovery, including backfilling operations using
waste to substitute other materials.

5. Building designs and construction techniques support circularity.
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Schiitze and Stede (2021) find that in the hearing, one of the most frequent cri-
tiques was that there was no absolute energy efficiency goal as part of the building
renovation threshold as each country can adapt the measures. Besides, half of the
stakeholders responding to the building renovation threshold proposed a tightening
of the threshold. This is especially interesting because two-thirds of the respondents
in this section are companies or industry associations, which underlines that there
are also corporate stakeholders with an interest in higher efficiency goals. However,
the Swedish real estate owners advocate a lowering of the demands with reference
to the high level of the energy labels in Sweden.

20.3.1.1 Three Forerunners

Case 1: Wistbygg — A Forerunner of the Transformation the Taxonomy Is
Triggering

Wistbygg, a west Swedish contractor, has grown significantly in the last 10 years
from a2012 turnover at 1.1-3.8 billion Swedish kroners in 2020 and 2021. Moreover,
the company has restructured from a personally owned company, sold 2013, to
becoming a noticed shareholder company in 2021. Its first independent sustainabil-
ity report was issued in 2016. A goal of becoming fossil-free by 2030 was announced
in 2017. By 2020, the company measure reports six key performance indicators for
the sustainable performance of a contractor, including waste volumes, material
transport (diesel consumptions and emission), machines on site and provisional site
heating, electricity and district heating consumption and travel, using a greenhouse
gas protocol methodology. The results of total emissions for 2020 was 1523 ton
CO2e, which was a reduction at 32% compared to 2019, which was at 2253 ton
CO2e (Wistbygg Annual Report 2020).

In the spring of 2021, the company prepared themselves for entering the Nasdaq

stock exchange. As part of this, a preparation for using green finance was carried
out. Hiring the external evaluator Cicero Shades of Green, that used the taxonomy,
the company obtained the following results (Table 20.1):
Cicero found, summarizing the qualitative evaluation listed above, that 65% of the
income, 66% of the operational costs (OPEX), and 100% of the investments
(CAPEX) from Wiastbyggs as a whole could be identified as sustainable according
to the taxonomy.

In June 2021, Wistbygg received the Nasdaq Green Equity designation. This
noticed share is dedicated to companies with more than 50% of the turnover occu-
pied in sustainable activities and investments predominantly are done in sustainable
activity. The turnover from fossil fuels has to be less than 5%.

The Cicero evaluation pointed to a few improvement points such as that
“Wistbygg needs to identify physical climate risks and adaptation solutions for
their activities. The company informs that they will develop an approach to climate
the risk assessments in 20217 (Cicero Shades of Green, 2021).

By February 2022, the company had obtained a higher degree of sustainability as
indicated in the table from the annual report of 2021. At the same time, the company
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Table 20.1 Summary of Cicero’s 2021 evaluation of Wistbygg

Taxonomy criteria Cicero evaluation of Wistbygg May 2021

1| Mitigation criteria Green debt eligibility criteria are likely aligned for
Swedish properties.

Alignment on EPC B cannot be confirmed for
properties in Norway, Denmark, and Finland.

Likely aligned with criteria related to air-tightness and
thermal integrity

Not aligned to GWP requirement for current projects on
buildings larger than 5000 m?

2 | Climate change adaptation Likely partially aligned.

3 | Sustainable use and protection of | Likely not aligned.
water and marine resources

4 | Transition to a circular economy Likely aligned.
(circular economy)

5 | Pollution prevention and control Likely aligned with self-developed properties.
Alignment for contracted developments cannot be
confirmed

6 | Protection and restoration of Likely aligned with EIA requirement.

biodiversity and ecosystems Alignment toward construction on arable or forested

land for existing properties cannot be confirmed

GWP global warming potential, EPC energy performance certificate, EIA Environmental Impact
Assessment

announced that it considered all its activities covered by EU taxonomy and that they
would publicly share their status later in the spring of 2022. However, due to the
number of full-time employees, 350, they did not concern themselves as eligible of
following the taxonomy.

To receive the Nasdaq Green Equity and carry out a Cicero screening of activities
according to the taxonomy in spring and summer of 2021 makes Wistbygg a fore-
runner, probably the first contractor to go this far in Sweden.

Case 2: Platzer

Platzer is a medium-sized real estate company operating in commercial real estate
in the area of greater Gothenburg. Platzer manages and develops approximately 70
properties of just over 800,000 m? (www.platzer.se, 2022). Platzer got listed on the
stock exchange in 2013. One of their profiled development projects concerns the
developments of an old factory area (Gamlestadens Fabriker). The detailed plan for
the district gained legal force in 2021 and enabled Platzer to start working on the
area development, adding 300 homes and 68,000 m? offices, restaurants, and ser-
vices (Platzer Annual Report 2021).

In 2018, Platzer ran a set of development activities that made them announce a
focus on the UN goals, numbers 5, 7, 8, and 11. The following year this focus had
been developed and fine-tuned into GRI (Global report initiative) index that Platzer
commenced to comply with.


http://www.platzer.se
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Table 20.2 Summary of Cicero’s 2021 evaluation of Platzer

Taxonomy criteria

‘ Cicero evaluation of Platzer

Acquisition and ownership of buildings (7.7)

1 | Mitigation criteria

Unable to determine alignment to energy
efficiency criteria

Likely aligned with energy management
criteria

Climate change adaptation

Likely aligned

Construction of new buildings (7.1)

1| Technical screening

Likely aligned (70% of CAPEX)

Likely aligned with criteria on air-tightness
and thermal integrity

Likely not fully aligned with criteria on GWP

2 | Climate change adaptation Likely aligned
3 | Sustainable use and protection of water and | Likely not fully aligned.
marine resources
4 | Transition to a circular economy (circular Likely aligned with criteria on waste
economy) management
Likely not aligned with criteria on circular
economy
5 | Pollution prevention and control Likely aligned
6 | Protection and restoration of biodiversity Likely aligned

and ecosystems

In 2021 Platzer commenced preparing themselves for entering the green finance
area. In June 2021, Platzer was evaluated by Cicero Shades of Green, which made
an evaluation vis-a-vis the EU taxonomy (Table 20.2).

The evaluation identifies two relevant EU taxonomy criteria areas: first acquisi-
tion and ownership of buildings, covering revenue and operating costs, and second
construction of new buildings and renovation, covering investments. Cicero assesses
that Platzer had no fully taxonomy-aligned turnover, OPEX, or CAPEX in 2020.
Cicero estimates that it is “likely” that 70% of 2020 CAPEX would be aligned with
the mitigation criteria for new construction (the second area of criteria). However,
the assessment of the alignment is according to Cicero contingent on Platzer meet-
ing their expected energy efficiency level. Cicero posits not to able to determine the
alignment of Platzer’s activities related to the technical mitigation thresholds for
acquisition and ownership of buildings or renovation (the first area of criteria).

Platzer is evaluated to be “likely aligned” with the relevant DNSH criteria on
climate change adaptation, but has, according to Cicero, gaps related to sustainable
use and protection of water and marine resources and the transition to a circular
economy. Cicero considers that Platzer does not currently fulfill all the minimum
social safeguards of the EU taxonomy. See also the table.

Platzer receives the Nasdaq Green Equity designation in August 2021, as the
second company in Sweden (Wistbygg being the first). By September Platzer
could report that they had carried out their first emission of green bonds. Platzer
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has within the frames of their green bond program at 5000 million SEK, emitted
one senior unsecured green bond. This bond is a variable loan with a max of
600 MSEK.

Case 3: COWI - A Proclaimed Forerunner

COWTI is a broad-spectrum consulting engineering company with its main business
areas being Denmark, Infrastructure, Norway, Sweden, Architecture in this ranking.
The company also possesses extensive environmental competences. Notably the
purchase of Arkitema in 2018 included 550 employees to the 6700 employees that
already were in the company at the time. The growth of the two first areas (Denmark
and infrastructure) have been continual over the last 10 years and involves huge
material flows of what the greenhouse gas protocol would denote scope 3 emissions.
Business area in Sweden involves around 1000 employees and has been character-
ized by a somewhat shaky development.

In 2019, COWI’s management decided to aim at carbon neutrality in 2020 and to
reduce actual direct and indirect CO2 emissions by more than 70% in 2030 com-
pared to 2008. Carbon neutrality was, according to COWI, achieved in 2020 thanks
to reduction efforts already made, reduced corporate travel due to COVID-19 and
by acquiring CO2 credits (COWI Annual Report 2020). This neutrality does not
encompass scope 3 emissions. In January 2022, a strategic CEO statement of COWI
attracted attention. Within a few years, COWI announced the company will turn its
back on everything to do with climate-damaging projects. The plan is, according to
COWI, that they will restructure the business over the next 3-5 years. It will no
longer have to deal with fossil energy and construction projects without a sustain-
able approach. The CEO also promised to leave behind a business area of natural
gas. Challenged on their main business area “large bridges” the CEO made a dis-
tinction between sustainability and CO2 reductions (Andersen, 2022) and notes that
COWTI will still engage in making large bridges.

There are several reasons for why this strategy is not linked to the EU taxonomy.
First COWI is not a stock exchange listed company; secondly, as a consulting engi-
neering company they are not at present part of the taxonomy coverage. Nevertheless,
COWTI is a large company under scrutiny of Danish authorities together with 100
other large companies with seat in Denmark. Moreover, COWI could choose to fol-
low the taxonomy, especially in the scope 3 area, where buildings they design would
be placed. Buildings are developed above part of the taxonomy. A competitor on the
Nordic market, AFRY, appears to have engaged for more profoundly in reporting
CO2e emission. The announcement of the COWI CEO did immediately triggered
questions from collaboration partners that became worried how COWI’s move
would impact on their own business.

Summarizing, although there is a risk that the CEO announcement will not be
followed up by concrete actions, and results, we still consider that the announce-
ment has placed COWI as a forerunner in sustainable transition of the building
industry.
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20.4 Analysis and Discussion

The taxonomy regulation is aiming at creating sustainability in companies’ activi-
ties in the building and real estate sector. The initial legitimacy of the taxonomy is
derived from the external experts enrolled to develop the regulation and the later
reduced legitimacy is related to politicians and lobbyist impacting the developed
criteria. From the process occurs, however, a set of passed legislations that have
direct impact on the three cases presented. As we noted, the taxonomy is far from
the only driver and/or direction giver in this field. Actually, numerous other dynam-
ics, some enforcing, other contradictory, and other counter forces are active. One
aspect of this is that the delegated acts and the adjacent taxonomies appear to come
without specified consequences if not respected.

The three forerunners commence implementing enforced measurement, docu-
mentation, as well as CO2e reduction strategy, something that occurs partly in par-
allel with the overall process. There are, however, serious counter concerns: Cicero’s
evaluations of both Platzer and Wistbygg appear to indicate that the taxonomy is
too easy to comply with. Moreover, the Nasdaq Green Equity designation only
requests that the two companies obtained a mere 50% degree of sustainability scale.
This means that for investing and financing the two companies will in the future be
able to choose between green bonds and shares from the Nasdaq context and financ-
ing from banks that follow the taxonomy criteria. This implies that it is an easier
path to follow to opt for Nasdaq financing when possible. In actual building projects
when allying with other companies and clients it might be more likely to see bank-
ing financing compliant to the taxonomy.

Schiitze and Stede (2021) find places in the taxonomy where it exhibits weak-
nesses and not clearly levers itself from present day standards. Certain parts of the
economy are also held outside of the regulative frame. A similar pattern of possibil-
ity to low demands in the taxonomy applies for other real estate and consulting
engineering companies, that have asked for a second opinion from Cicero Shades of
Green during 2021 (Cicero, 2021). If this turns out to be a general tendency, the EU
taxonomy risk entering a contradictory set of logics as EU will need tightening its
demands if the Paris accord is to be realized, whereas equity financing will become
even more attractive. Moreover, voluntary mechanisms (standards and certifica-
tions) that go further than the taxonomy are likely to delegitimize it as well as
Nasdaq Green Equity. This also goes for COWI'’s strategy, which might prove
highly profitable and possibly far less bureaucratic. However, we doubt whether
COWI can continue avoiding reporting its direct and indirect emissions in the future.

As for COWTI’s development, one can note that the company is engaged in highly
political infrastructure projects, which probably will need much stronger climate
impact assessments in the future. Although COWT’s role in the recent Danish gov-
ernmental crises has not surfaced in the public, professionals in this area knows that
it was COWT’s tool of LCA evaluation of infrastructure that became questioned and
led to the fall of a minister.
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Both the character of the overall legislation and our three examples seem to sug-
gest that there is a risk of approving something as sustainable that is neither state of
the art nor scientifically grounded. This suggests that a changed form of greenwash-
ing is occurring — from a simple form, where, for example, a green roof and electri-
cal car charger might be called a sustainable house, to a governmentally approved
annual reports and or climate declarations that still are misleading in terms of degree
of sustainability.

Wistbygg, Platzer, and COWTI all report very strong economic results for 2020
and 2021. It is thus from a position of strength that the companies engage with a
higher priority of sustainability. It should be noted also that Platzer’s financing need
of new development project up to 50% degree is dependent on bank loans.

We find the legitimacy of the taxonomy and of the companies as a fluid issue that
has to be addressed and re-established continually. The present dip in the EU tax-
onomy legitimacy because of the political entry of nature gas and nuclear power,
might be substituted with a far broader interest in a number of sectors and countries
for the possibilities of living up the criteria and the adjacent legitimacy gained in the
public and in B2B relations. In a somewhat parallel manner, it is likely that not only
COWTIs but also Wistbygg and Platzers legitimacy might reduce. While Platzer and
Wistbygg measure their development, they are able to maintain their legitimacy as
long as they continue their efforts and demonstrate results. COWI has placed them-
selves in a far more vulnerable situation with their deep engagement in the climate
issue as professionals and lack of measures published.

20.5 Conclusion

This paper raised the question of what the implications of the taxonomy as a regula-
tion of finance and investments are, aiming at creating sustainability for companies
in the building and real estate sector. We have presented the overall process of intro-
ducing the taxonomy and the three cases illustrating the changes the taxonomy can
imply in the building sector.

The process of establishing the regulation and the adjacent taxonomy has
occurred through continual tensions between the participating actors of state, sci-
ence, and industry. This had meant that the content of the regulation has fluctuated
along with the negotiations between politicians, industry lobbyists’ interventions,
and experts’ panels. The consequence of these fluctuations is that the demands are
reduced and the taxonomy loses its legitimacy as regulation for transitioning to
sustainability.

We also presented and analyzed three cases viewed as possible forerunners of the
impact of the taxonomy. The taxonomy appears to join other forces in a push for
measurement and documentation of the company’s impact on the climate, both
direct and indirect. Especially the indirect effects are important in a project-based
industry delivering larger complex products. Two of the companies engaged rela-
tively recently in systematizing their measure and documentation of their climate
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impact and also established strategic goals of reduction. But it should also be noted
that this extra effort of establishing documentation was carried within the 2 or
3 years where the companies have had an unusually good economy.

According to Scott, for the regulative pillar to change an institution (here sustain-
able building), one should establish rules and compliance mechanisms to frame and
motivate the transition to climate change. However, its performativity can be ques-
tioned as our analysis shows that the taxonomy is not demanding enough to provide
the needed push for living up to the Paris agreement and consequently risks becom-
ing a publicly legitimized greenwashing.
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Chapter 21 )
Circular Economy in the Nordic Real
Estate and Construction Industry: A Policy
Review

Check for
updates

Rebecka Lundgren, Riikka Kyro, and Stefan Olander

Abstract Circular economy (CE) has gained attention in the real estate and con-
struction policy, practice, and research in the past few years. This study explores
how two neighboring Nordic countries and EU member states, Sweden and Finland,
are transitioning toward circularity in the real estate and construction industry con-
text. The aim is reached through a review of CE policies on the national and indus-
trial level, as well as a practice review on the city level. Common features for both
countries include the promotion of circular business models, with digitalization
seen as an enabler for circular economy. This indicates that the policies from both
countries have moved beyond the so-called long loops and recycling focus. Still,
much more focus should be placed on the short loops, such as sharing and access-
based models, which are more efficient in reaching sustainable consumption targets.

Keywords Bioeconomy - Circular economy - Digitalization - Finland - Sweden

21.1 Introduction

The real estate and construction sector (RECI) is a major contributor to climate
change and a key consumer of global resources (WEF, 2016), with 40% of extracted
materials being in the built environment (Rees, 1999). The UN adopted 17 sustain-
able development goals (SDGs) in 2015. Due to the high environmental impacts of
the RECI, there is an opportunity for the sector to contribute significantly toward
meeting the SDGs. One way in which the sector can reduce its environmental impact
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is through the adaptation of circular economy (CE) principles. CE, the idea of keep-
ing resources in use indefinitely, has become increasingly relevant in popular as
well as academic discourse. The two goals that are most relevant from the CE in the
RECI perspective comprise SDG 11 sustainable cities and communities and SDG
12 responsible consumption and production. The EU declares to share the UN goals
for a sustainable future, and the European Commission has even developed a tool
with which to map how well EU policies respond to the different SDGs, with the
most recent EU CE action plan relating to 14 out of the 17 SDGs (EC, 2022).

The CE concept has been gaining traction in the EU through the introduction of
the Roadmap to a Resource Efficient Europe (EC, 2011), the Objectives of the
Circular Economy Package (EC, 2015), the Resource Efficiency Scoreboard (EC,
2016), and A New Circular Economy Action Plan (EC, 2020). CE has also been
increasing in popularity in several national governments around the world
(Domenech & Bahn-Walkowiak, 2019), of which Finland and Sweden are two
(Korhonen et al., 2018). However, CE policies have also received criticism due to
their focus on recycling instead of reducing or reusing (Ranta et al., 2018). The New
Circular Economy Action Plan (EC, 2020) only mentions five actions related to the
RECI context, all of which are focused on new construction.

Similarly, in the RECI, research has mostly focused either on the design and
construction of new buildings in a way that facilitates circularity in the future or on
the recycling of building materials (e.g., Cruz Rios et al., 2021; Eberhardt et al.,
2019). Kyr6 (2020) notes that this recycling-focused approach goes against the
well-known basic waste hierarchy of first reducing, then reusing, and only as a last
resort, recycling. The efforts of policymakers should be put toward enabling shorter
loops (refuse, reduce, resell/reuse, or repair) or even medium loops (refurbish,
remanufacture, or repurpose), as opposed to the longer loops (recycling) (Reike
etal., 2018). Research has suggested that the input side (short and medium loops) is
more challenging from a policy perspective due to its connection to other policies
and tends to be less measurable and non-mandatory than those policies concerning
output (longer loops) (Domenech & Bahn-Walkowiak, 2019). Nonetheless, any CE
policies aiming at reducing carbon emissions in the next decades should have a
focal point on optimizing existing buildings as opposed to new construction.

Although the EU is highlighting CE with advanced policy frameworks, such as
the New European Action Plan (EC, 2020), little is known on the implementation of
the policies in member countries. The impact of the EU policy frameworks on
national policies is inconsistent, and policies are fragmented (Domenech & Bahn-
Walkowiak, 2019). Dytianquin et al. (2021) reviewed the application of CE in the
construction and demolition sector in five EU countries, namely the Netherlands,
Belgium, Germany, France, and Denmark, and found that in order for CE principles
to translate to project outcomes, there needs to be political steering and thus high-
lighted the need for political steering in order to influence the industry toward a
more circular economy. Giorgi et al. (2022) found that the implementation of CE
principles in national policies in Belgium (Flanders), the Netherlands, United
Kingdom, Denmark and Italy was fragmented. However, these previous policy
reviews focus on countries that are very different in terms of, e.g., geographic
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location, regulatory environment, or demographics. Moreover, the United Kingdom
is no longer an EU member state. It is therefore interesting to investigate any differ-
ences in national policies for two very similar EU countries, namely Sweden and
Finland. Considering that they both fall under EU policy frameworks, the analysis
will focus on any differences that might highlight a disparity between the two
nations’ CE frameworks as well as their level of maturity.

The purpose of the study is to explore how two EU countries, Sweden and
Finland, are transitioning toward circularity in the RECI context. More specifically,
we seek to find out whether and how CE policies in two very similar EU member
states and neighboring Nordic countries differ. The aim is reached through a review
of national and industry-level CE policies in the two countries. In order to deepen
the policy comparison, one city from each country is selected and presented as a
practical case example.

21.2 Research Design

This research follows the pragmatic research tradition and seeks to contribute to
new knowledge that is context-dependent and useful in real life (Saunders et al.,
2009). As the aim is to explore a novel phenomenon, a qualitative case study
approach was deemed appropriate. Two very similar cases were selected for their
expected high information content, based on an information-oriented sampling
strategy (Flyvberg, 2006). The research is designed as an embedded case study with
Finland and Sweden, RECI in the respective countries, and the cities of Tampere
(FIN) and Malmé (SWE), are the cases. The countries were chosen due to geo-
graphical proximity and very similar regulatory and institutional environments and
joint history. The industry was chosen due to its high environmental impact and
expected gains from CE transition. It is worth noting that the key RECI players are
active in both case countries. The selection of the cities was based on their similar
size and national significance, as well as outspoken CE measures. Key cases char-
acteristics are presented in Table 21.1.

Table 21.1 Case characteristics

Case Country level Industry level City level

Finland | EU member since 25% of GDP Tampere
1995 12% of workforce Population 226,696
Population 5.53 Mio | Largest companies: YIT, Skanska Third largest city in
Sqm 337,030 NCC Finland

Sweden | EU member since 16% of GDP Malmo
1995 14% of workforce Population 344,166
Population 10.35 Largest companies: PEAB, Skanska, | Third largest city in
Mio NCC Sweden
Sqm 450,295
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Table 21.2 Documents included in the document review

Document Responsible Country | Level
Circular Economy Action | Ministry of Agriculture and Forestry, Ministry of | Finland | National
Plan (2017, 2019) Labor, Ministry of the Environment, and Finnish

Innovation Fund Sitra
Seven goals for Finnish Innovation Fund Sitra and Finnish Finland | RECI
circularity in the RECI Green Building Council
(2019)
CE criteria for built Finnish Innovation Fund Sitra and Finnish Finland | RECI
environment projects Green Building Council
(2019)
The city of Tampere and | City of Tampere Finland | City
the CE transition (2020)
National Strategy for Swedish Ministry of the Environment Sweden | National
Circular Economy (2020)
Roadmap for Fossil Free | Fossil Free Sweden Sweden | RECI
Construction Sector
(2018)
Local roadmap city of LFM30 Sweden | City
Malmé (2020)

The data collection was based on retrieving existing documents from sec-
ondary sources. The data comprise policy documents such as the national
action plans for CE from respective ministries, industry-level policies, as well
as city-level documents. A full list of reviewed documents is presented in
Table 21.2.

21.3 Theoretical Background

The Ellen MacArthur Foundation (2013) describes CE as restorative by intention,
with value creation in every chain in the system and closing or slowing of material
loops. CE has been gaining momentum since the late 1970s (Geissdoerfer et al.,
2017). In 1970-1990s, the focus was on dealing with waste, and the concept of
reduce, reuse, and recycle was gaining traction; however, the emphasis was very
much on pollution limitation instead of waste reduction. There was a shift to input—
output strategies in the 1990s—2010, and CE was starting to be viewed as an eco-
nomic opportunity. This view is still in line with the views on CE today; however,
more focus is being put on resource depletion and major sustainability challenges
(Reike et al., 2018).
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21.3.1 Circular Economy in the RECI

CE in the RECI is still a nascent research field, although there has been a constant
stream of CE research since 2016 (e.g., Pomponi & Moncaster, 2017; Leising et al.,
2018; Ness & Xing, 2017; Sanchez & Haas, 2018; Kyr6 et al., 2019; Eberhardt
et al., 2019; Domenech & Bahn-Walkowiak, 2019; Kyro, 2020; Dytianquin et al.,
2021; Cruz Riosetal.,2021; Lange, 2022). Outside of the academia, the Re-generate,
Share, Optimize, Loop, Virtualize, Exchange (ReSOLVE) framework by the Elle
McArthur foundation (EMF, McKinsey Center for Business and Environment, and
SUN, 2015) was adapted to the built environment by Arup in 2016. Next, the CE
elements from existing literature are grouped in accordance with the loop size pre-
sented by Reike et al. (2018), with an additional group for overarching elements.
The key CE elements found in general CE and RECI specific research and practice
are presented in Table 21.3.

Short Loops Decreasing demand would be the most efficient CE element in reduc-
ing the negative environmental impact from RECI (IVA, 2020). Digitalization has
been highlighted in a number of studies as an enabler to CE and its elements (e.g.,
Antikainen et al., 2018; Agrawal et al., 2022). Another short loop aspect found in
existing research is delivering access over ownership in order to satisfy users’ needs
without necessarily owning physical products (e.g., Kyro, 2020; Brinkg et al.,
2015). Industrial ecology focuses on industrial ecosystems, which aim to minimize

Table 21.3 Key CE elements organized by loop size

CE element Reference
Short loop | Decrease demand IVA (2020)
Digitalization Antikainen et al. (2018); Agrawal et al. (2022)
Space efficiency, shared spaces, | Bocken et al. (2014); Kyr6 (2020); Brinkg et al.
access-based consumption (2015); IVA (2020)
Industry-level ecosystems Korhonen et al. (2018)
Medium Optimizing useful life Leising et al. (2018); Langston et al. (2008)
loop Adaptive reuse Sanchez and Haas (2018); Conejos et al.
(2015); Ellen MacArthur Foundation (2015);
IVA (2020)
Long loop | Design for disassembly Sanchez and Haas (2018); Cruz Rios et al.
(2021); Eberhardt et al. (2019)
Recycling of building materials | Domenech and Bahn-Walkowiak (2019)
Bioeconomy Chennouf et al. (2018); Lange (2022)
Sustainable new construction IVA (2020); Cruz Rios et al. (2021)
Overarching | Sustainable and circular Bocken et al. (2014); Boons et al. (2013);
business models Leising et al. (2018)
Collaboration Leising et al. (2018)
Sustainable urban planning Bott et al. (2019)
Procurement Ershadi et al. (2021)
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raw materials from entering the system, much the same as CE short loops aim to do
(Korhonen et al., 2018).

Medium Loops Leising et al. (2018) define CE for the built environment as opti-
mizing the useful life of buildings. One way to do this is by adaptive reuse, or repur-
posing, of existing buildings, which is highly aligned to CE building principles
(Sanchez & Haas, 2018). Prior to CE becoming mainstream in research, general
sustainability research framed adaptive reuse as a superior alternative to new con-
struction (Conejos et al., 2015; Douglas, 2006; Langston, 2008). Better use of exist-
ing infrastructure is needed for there to be the shift in RECI which is required to
curb emissions (Langston, 2008).

Long Loops Current CE research in RECI is focused on new construction and
design for disassembly. A key problem with focusing on new construction is that the
building stock in developed nations renews itself slowly (Beccali et al., 2013;
Conejos et al., 2014). Despite efforts in recycling efficiency, the demand for raw
material has not decreased and, thus, the current measures are insufficient to reach
resource efficiency targets (Domenech & Bahn-Walkowiak, 2019). The use of bio-
based building materials is increasing around the world, and these aim to provide
more sustainable raw materials (Chennouf et al., 2018). The link between CE and
bio-based materials was recently made in Lange (2022).

Overarching CE Elements The development of sustainable business models is
common in general sustainability research (e.g., Bocken et al., 2014; Boons et al.,
2013) and to some extent in the built environment context (Leising et al., 2018).
Leising et al. (2018) also highlight the importance of collaboration between stake-
holders in order to deliver CE in the building sector. Sustainable procurement in a
complex multidisciplinary industry such as RECI also calls for collaboration to
achieve objectives (Ershadi et al., 2021). Further, sustainable neighborhoods as a
result of sustainable urban planning are lifted in the architectural sector as having a
positive impact on social, environmental, and economic sustainability (Bott
et al., 2019).

21.4 Policy Review

Policies are recommended courses for action that do not have the binding nature of
laws and regulations. The EC (2022) states that their policies are influenced by the
UN SDGs, and EU policies are expected to impact the national policies in member
states. Industry-level policies in a country should reflect the national and local poli-
cies, and ideally, these would be aligned (Fig. 21.1). That said, industry-level policy
may also have an impact, particularly on local action plans.
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Fig. 21.1 Connection UN SDG --+ EU policy
between policy framework
levels l

National policy

N

City level policy ----- » RECI

21.4.1 Finland
21.4.1.1 National Circular Economy Policies

The first national Circular Economy Action Plan was published in Finland in 2017
as a joint initiative of the Ministry of Agriculture and Forestry, Ministry of Labor,
Ministry of the Environment, and Finnish Innovation Fund Sitra. The focus of the
action plan is on generating new business, promoting digitalization, and resource
efficiency. Construction is mentioned in the action plan only as a waste stream,
although there is a brief mention of a construction ecosystem for CE in connection
with discussing potential circular innovation ecosystems. The second version of the
action plan was published in 2019. The new version focuses on the potential for
public—private collaboration. Bioeconomy is lifted as a parallel goal to CE. The
action plan mentions the goal of developing specific CE criteria for the construction
industry.

21.4.1.2 Circular Economy in the RECI

The development goal from the national action plan is implemented through a joint
report by Finnish Innovation Fund Sitra and Finnish Green Building Council. The
report outlines explicit CE criteria for built environment projects. The report uses
different lifecycle phases to categorize the criteria. First, the criteria related to the
planning phase include creating specific neighborhoods that follow circularity prin-
ciples, as well as developing neighborhood-level energy systems. Second, the con-
veyance process of land plots should include a plan for circular economy. Individual
building projects should follow circularity principles.

Promoting circularity in the procurement and tendering processes requires edu-
cating in circular issues, utilizing circular materials, and creating a material pass for
circular materials. There should also be specific demands for planning and construc-
tion. Furthermore, the infrastructure building phase should consider the reuse of
material and retaining the mass balance within a neighborhood. The building design
phase should focus on preserving what is already made and recycled construction
materials. The buildings should be viewed as material banks, with a plan for reuse
and adaptation. Shared spaces are also included in the criteria for the design phase.
The construction phase should utilize circular materials and include a material pass
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for circular materials. The report suggests a new process, “demolition review” prior
any demolition, along with recycling and reusing the building materials. The use
phase of the building should focus on the shared spaces, minimizing the need for
adaptation, as well as use of recycled materials in fit-outs.

Another joint report by Finnish Innovation Fund Sitra and Finnish Green
Building Council from 2019 outlines seven goals for circularity in the RECI. The
seven goals are as follows. The industry should develop a joint goal to reach CE. The
national legislation and industry guidelines should promote CE. The industry should
adapt new ways of working that promote CE. Both infra and building construction
should be based on lifecycle thinking. Urban planning should take into account the
circularity principles. Furthermore, public procurement processes should promote
circularity. Finally, all existing spaces should be in their most efficient use.

City of Tampere

The city of Tampere would like to become an “enabler and accelerator of the circu-
lar transition.” A local report discusses real estate and construction as one of the
sectors where CE should be implemented, along with infrastructure, waste manage-
ment, and biological cycles. The three main focus areas are improving the vacancy
rates of existing buildings, recycling construction waste, as well as new construc-
tion that follows circularity principles. Improving vacancy rates refers both to the
direct involvement in city-owned facilities and to the role of the city in enabling
building adaptations with, e.g., zoning and the permit processes. Recycling con-
struction waste includes demolition practices and creating a market for recycled
materials. Regarding new construction, the report mentions that the city is only in
the beginning of the CE journey. One example of this is that the first urban design
competition with a “circular building” is only planned to be launched in the
year 2022.

21.4.2 Sweden
21.4.2.1 National Circular Economy Policies

The Swedish Ministry of the Environment launched a strategy for the shift toward a
more circular economy. The main goal is here to create a society with effective use
of resources in circular flows that contribute to the global sustainability goals
expressed in Agenda 2030. The Swedish strategy suggests four focus areas to obtain
the vision of a more circular economy: (1) Better product design and a more sustain-
able production process are essential for a higher circularity of materials and prod-
ucts. There is a need for a shift where more focus is on functions and services rather
than products. The design of products is essential since it is in the design phase that
most of the choices affecting the possibility of a higher degree of circularity are
made. (2) Private and public consumption of product and services needs to be more
sustainable with a high degree of circularity. A way to achieve this is to promote
products with longer and more effective use. (3) Products and materials need to be



21 Circular Economy in the Nordic Real Estate and Construction Industry: A Policy... 305

recycled in toxic-free and circular processes. A more effective waste management is
one success factor, where deposition of waste is a last resort when all possible cir-
cular alternatives are rejected. (4) There need to be drivers and incentives within
societal, industrial, and commercial actors to take measures to promote circular
business models. In a circular economy, products are to be produced with a longer
life span and with the possibility of modernization and repairs.

21.4.2.2 Circular Economy in the RECI

The Ministry of the Environment points out that for RECI, a decreased environmen-
tal impact can be achieved through a more efficient use of facilities, as a lot of waste
is generated in the construction and demolition phases of facilities. A higher degree
of reuse and recycling in construction would have a great effect on the overall work
toward a more circular economy. RECI in Sweden has developed a roadmap for a
more sustainable industry. One of the goals in the roadmap is that in the year 2045,
all materials in construction are circular, and zero waste is generated. This means a
more effective use of buildings and other facilities for longer life spans, and that
they function as material banks that can be reused after demolition. Flexible solu-
tions are suggested where buildings and other facilities can change and be refined
during their lives with the help of circular renovation processes. Digitalization is
identified as one success factor to increase the efficiency of information processes
and possibilities of a more effective use of resources through the whole supply chain.

City of Malmo

The municipality of Malmo has developed a local RECI roadmap for a climate neu-
tral sector in the year 2030. The roadmap breaks down into six focus areas where
three of them directly or indirectly relate to circular economy. Circular economy
and resource efficiency strive to achieve 100% circularity for construction materials
by 2030. The strategy is to promote a circular and bio-based construction by gradu-
ally increase the demands made in the municipalities’ procurement of new buildings
and other facilities. In addition, a reduction of waste in every part of the supply
chain is one clear goal.

In the design and construction process, a lifecycle perspective is a starting point
in order to achieve climate neutrality. The resource usage from a whole of life per-
spective should be optimized according to circular principles. These views are also
suggested to be incorporated in the urban planning process and in the process con-
cerning building permits.

The target of climate neutrality for building materials includes prioritizing circu-
larity. In the procurement of new buildings and other facilities, increasing demands
are about a higher degree of reused, recycled, and renewable materials promoting
efficiency and climate neutrality in resource usage. Focus will be on those parts of
the building that have the highest effect on the climate. The EPDs (Environmental
Product Declarations) are used as a tool for gathering information about the circu-
larity and climate effect of building materials.
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Table 21.4 Key policy foci regarding CE elements on national, industry, and city level

Finland Sweden
CE element National | RECI | City | National | RECI | City
Short loop Decrease demand X

Digitalization X

Space efficiency, etc. X X

Industry-level ecosystems X

Medium loop | Optimizing useful life
Adaptive reuse

Long loop Design for disassembly

el R ]

Recycling

Bioeconomy X

Sustainable new construction X X X

Overarching | Sustainable business models

Collaboration

Sustainable urban planning X X

Procurement

21.5 Cross-Case Analysis

Table 21.4 presents the finding of the policy reviews, on a national, industry, and
city level, categorized using the theoretical background. The findings are further
discussed in the following section.

21.6 Discussion

This study set out to identify key differences and gaps in Nordic circular economy
strategies. Sweden has decided to lift UN’s SDGs as a starting point for the national-
level policy, which could be considered to restrict the policy to a very generic level.
Sweden includes collaboration at a national level, while Finland is lifting public—
private collaboration and industry ecosystems on the RECI level. These goals would
fall under SDG 17 Partnership for the goals. Public—private partnerships are not
commonly found in CE research. Finland continues to call for industry-level col-
laboration and even regulation in the form of industry standards. Taking circularity
into account in planning and procurement processes is also included on the industry
level, while in Sweden, they are only present in the city-level targets of Malmo.

Common features for both countries include the promotion of circular business
models with digitalization seen as an enabler for CE. Circular business models have
been well represented in existing research as well (e.g., Bocken et al., 2014).
Digitalization as a circular strategy is present in the EU policy level (EC, 2020), the
ReSOLVE framework (Ellen MacArthur Foundation, McKinsey Center for Business
and Environment, and SUN, 2015; Arup, 2016), as well as existing literature (e.g.,
Antikainen et al., 2018; Agrawal et al., 2022).
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Interestingly, both countries have included bioeconomy in their policies around
CE, which is not typically considered a part of CE frameworks. However, the use of
biomaterials is consistent with international trends (Chennouf et al., 2018) and
recently linked to CE (Lange, 2022). Both Finland and Sweden lobbied strongly
against the EU taxonomy due to the detrimental impact to forestry. Lifting bio-
economy solutions as part of the circular transition is aligned with this political
activity.

Both countries include a large proportion of measures around recycling building
materials. This aligns with earlier criticism from researchers concerning a focus on
the materials level (e.g., Ranta et al., 2018; Pomponi & Moncaster, 2017; Kyrd,
2020). Circular new construction, another long loop measure, is included in policies
in both countries. However, industry-level policies from the two countries also
include the adaptive reuse of buildings, emphasized as a medium-loop circular mea-
sure in the literature (e.g., Ness & Xing, 2017; Sanchez & Haas, 2018).

It is noteworthy that sharing economy and access-over-ownership solutions are
not the common reviewed policies, even though this is a short-loop measure, which
is known to have a significant impact (e.g., Bocken et al., 2014; Kyrd6, 2020; Brinkg
et al., 2015; Ellen MacArthur Foundation, 2015). Still, elements of efficient use of
space are included in the policies in both countries, and the Finnish industry-level
policy even names shared spaces as one way to achieve space efficiency. It would be
prudent to emphasize the short-loop measure of access-based consumption in any
future CE policies.

Although the policies from both countries have moved further than the focus on
recycling to shorter loop measures in recent years, this could further be enhanced
for a more effective sustainability outcome. There appear to be high-impact CE ele-
ments missing or understated from the strategies, the most prominent being reduc-
ing demand, which is one of the most efficient ways to enable circularity. Perhaps,
the absence is due to the implementation of shorter and medium loops being more
challenging (Domenech & Bahn-Walkowiak, 2019). It is also evident that some
things are included but are either branched out, and the main goal is not mentioned,
e.g., efficient use of space and decreasing demand, or only the higher level is
included, e.g., sustainable urban planning. The policy frameworks would benefit
from having clear overarching aims. For example, sustainable new construction
would be linked with actionable elements, such as design for disassembly, bio-
based materials, and the use of reused and recycled materials. This would enable
stakeholders to take appropriate action and knowing “why.”

21.7 Conclusion

The cases of Sweden and Finland reveal an inconsistency in CE policies, which fall
under the EU umbrella. Differences were mostly found in the level of which a CE
element is lifted. Overarching CE elements such as collaboration and circular busi-
ness models seem to be well covered and are expected to support reaching SDG 11
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sustainable cities and communities. However, much more focus should be placed on
short loops, such as sharing and access-based models, in order to reach SDG 12
responsible consumption and production.

Policy documents, unlike regulation, are non-binding recommendations for a
course of action. One limitation of this study is the exclusion of existing economic
incentives and legislation, which may work against the policies in both countries.
We suggest that future research includes these elements to further investigate the CE
maturity of RECI in Sweden and Finland. It would also be of interest to analyze the
national policies against the EU policies in detail, in order to elicit where the dis-
parities come from. An interesting further research avenue is to determine the rea-
son for the focus on long loops in CE policies, research, and practice alike.
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Abstract Today, there is a known crisis in the construction industry worldwide
where major projects and programs are experiencing substantial cost increases and
long overruns. This is mainly due to the lack of skills and experience needed to set
up successful projects or programs. This research study investigates how construc-
tion is being delivered and how owners’ organizations can take up the leading role
in shaping the construction industry. It builds on the concept of the strong owner
organization concept, defined as an owner organization able to drive more effective
and efficient project execution by having and developing capabilities within three
dimensions: strategic, commercial, and governance capabilities. The study extends
the three-dimensional capability map based on recent literature and interviews with
industry practitioners including capabilities, critical success factors, industry chal-
lenges, and best practices. This forms the foundation for a conceptual maturity
model that aims to help owner organizations within the construction industry assess
their maturity level, to support them in performing better project planning and exe-
cution. Furthermore, the strong owner concepts and the maturity model will aid
organizations in their sustainable transformational journey toward SDGs #9
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22.1 Introduction

Constructions play an essential role at the core of economic and social development.
They provide the foundation for almost all modern economic activities, constitute
an essential financial sector in their unique way, and contribute significantly to
increasing living standards and quality of life (Barrie et al., 2006). In addition, the
industry is critical for delivering societies’ green transformations, which relies on
massive investments in large-scale building and infrastructure projects. According
to several sources, construction projects are delivered behind schedule, beyond the
cost estimate, and fail to meet the public’s expectations (Changali et al., 2015;
Roehrich, 2020). Traditional research on mega projects explains this by strategic
misrepresentation (Flyvbjerg et al., 2002), where benefits of projects are overesti-
mated while budgets are underestimated and suggest concepts such as reference
class forecasting (Flyvbjerg, 2008) as remedial strategies. While these are acknowl-
edged as essential contributions, they fail to fundamentally address the underlying
causes of increasing complexity and uncertainty (Love et al., 2012). More than ever,
there is a significant need to improve construction delivery (Flyvbjerg, 2008; Love
et al., 2012). According to (SNC-Lavalin Atkins, 2021), there are a lot of reasons
why the best-laid plans fail. However, they usually lead back to a few common
problems. First is the lack of capabilities, skills, and experiences needed to set up
successful projects and programs. The second reason is the slow decision-making
process with inaccurate baselines and time, scope, and budget expectations. The
third reason is poor, and often out-of-date, information flows from projects (SNC-
Lavalin Atkins, 2021). Considering the data available in the industry, the construc-
tion industry is behind others in terms of modernizing the way it manages and
delivers significant programs. Inspired by other industries’ successful transforma-
tion, the construction industry recognizes that they must change to achieve better
performance of projects and programs. This paper investigates how construction is
delivered and how it can be transformed by letting the owner organizations shape
the market based on the capabilities needed for better project delivery. The strong
owner concept motivates and supports the organizations to be ambidextrous (Turner
et al., 2015). First, organizations can identify what capabilities are needed for their
development, and second, what is the level of maturity required for each capability
dimension to explore new markets and take advantage of existing and potential
opportunities. However, despite “constructions” importance to society, and the vital
role of owner organizations in them, the current practices of construction delivery
are not living up to expectations. Thus, this study investigates the following research
question.

How can owner organizations in the construction industry assess their capability
maturity to improve their performance?

In answering this question, a conceptual maturity model is developed based on
three-dimensional capability framework. This is aimed to help organizations within
the industry to assess their maturity level, which is intended to aid them in road
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mapping their sustainable transformational journey by connecting people, organiza-
tions, data, and technology. The empirical context for the research is the Danish
construction industry.

The paper starts with a literature review covering academic and industry back-
ground about organizational capabilities in the construction industry, then a research
methodology describing the approach of the research study, followed by presenting
major findings, and final part for discussion and conclusion.

22.2 Literature Review

The literature review examines existing knowledge and best practices from aca-
demia and industry regarding the organizational capabilities that cover the strong
owner concept. The topic is broad, so the authors focused mainly on the academic
and industrial literature directly or indirectly related to the Danish market segment.
This is not to say that best practices worldwide have not been taken into account.
The objectives were to systematically describe the characteristics of the strong
owner concept, create a capability map of strong owners, and develop a maturity
model that the proprietary organization can use in the construction industry to assess
the maturity of their current capabilities. According to Winter (2003), the organiza-
tional capabilities on the broader concept were defined as the organizational rou-
tines. Inspired by a fundamental conceptual framework (Winch & Leiringer, 2016),
the capabilities needed for an organization to expand its organizational competen-
cies could be allocated in between three dimensions of capabilities: strategical,
commercial, and governance. The criteria or so-called critical success factors define
the elements needed for these capabilities to exist and mature inside the organiza-
tion. It is also important to determine each dimension presented. First, the strategic
dimension included capabilities defined, controlled, and owned by the owner orga-
nization (Winch & Leiringer, 2016). These capabilities were activities that are the
full responsibility of the owner organization as they relate to the business and cor-
porate strategy of the organization. Second, the commercial dimension referred to
the capabilities an owner organization needs to interface with its suppliers.
According to NAO (2010), owners’ commercial capabilities have a crucial role in
delivering assets, whereas many organizations, especially public organizations, lack
these skills. Third, the governance dimension depicted an owner organization’s
capabilities to interface successfully with a temporary project organization (Winch
& Leiringer, 2016). While governance frameworks were introduced more than
20 years ago in the United Kingdom and Norway, in Denmark, however, they are
not yet firmly established (Biesenthal et al., 2018). By reviewing the capabilities
from NAO (2010), Winch and Leiringer (2016), and Bang et al. (2016), Table 22.1
summarizes the capabilities needed for an owner organization.

Furthermore, based on the literature, the industry also seems to lack maturity
assessment tools so that strong owners can evaluate the performance of their ability,
as it was almost impossible to find articles in this field. Foremost, it is crucial for the
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Table 22.1 Summary of capabilities derived from the literature review (Iteration 1)

Strategic Commercial Governance

Capital raising Packaging Assurance
Stakeholder management Procurement Project coordination
Project portfolio management Relational Asset management
ESG

organization to map capabilities needed for optimal project execution; therefore, the
capability map was an essential tool. One of the most widely accepted systems to
increase the performance of the organization is the so-called Enterprise Architecture
Management mechanism (Matthes et al., 2008). The architecture management
mechanism is an essential mechanism that supports the management to steer and
drive the organization in the desired direction. This mechanism can be applied to
various aspects of the organization, such as the level of the organization of the busi-
ness (Buckl et al., 2010). It is worth noting that a common Enterprise Architecture
Management mechanism is the capability map used in this research. Moreover,
according to Battista and Schiraldi (2013), a capability maturity model refers to a
conceptual model that assesses an organization’s level of maturity by considering a
well-defined set of structured levels that show how effectively behaviors, methods,
and processes can achieve the desired results reliably and sustainably. This indi-
cated that a maturity model can be very effective in supporting an organization in
understanding the current level of organizational capabilities and helping it to create
the appropriate strategy to increase its performance. The Capability Maturity Model
(CMM) is a development model that emerged in the early 1990s due to a study of
data collected from organizations that had contractual agreements with the United
States Department of Defense (Paulk, 2009). In recent years, capability maturity
models from the perspective of the project management research field have become
increasingly attractive (Fengyong & Renhui, 2007). Inspired by the existing matu-
rity models and considering the level of organizational competencies that an organi-
zation needs for the efficient and effective execution of projects, the capability
maturity model was created for the concept of a strong owner organization. The
maturity model was created, based on the existing maturity model approach, and
inspired by Sowden et al. (2010), Caracchi et al. (2014), Liu et al. (2018), and Wang
et al. (2020).

22.3 Research Methodology

The research behind the paper adopted a Design Science Research (DSR) method-
ology. The intention of using DSR was to design a maturity assessment tool that
industry practitioners could use. One of the essential characteristics of DSR is that
it uses an iterative approach in a close exchange of data and information between
the academic, industry literature, and industry practitioners (Gregor & Hevner,
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2013). Therefore, DSR is well considered among researchers as an appropriate and
practical approach, where the paradigm strives for close interaction between the
relevant knowledge base and the practical research environment (Hevner et al., 2004).

The developed methodological structure based on the DSR approach can be seen
in Fig. 22.1. This was created after having identified the problem definition by our
research question. The model consists of five phases.

In Phase 1, the authors abductively conducted the literature review to find existing
knowledge from academia and industry. Next, the research focused on finding
organizational competencies, enablers, critical success factors, and maturity
models related directly or indirectly to the topic of owner organizations in the
construction industry. At this step, the industry reports from well-known multi-
nationals and reputable organizations were considered highly important from the
owners’ or clients’ side.

In Phase 2, a first version of the strong owner capability map was established by
summarizing all the owner capabilities categorized in the three dimensions:
Strategic, Commercial, and Governance. In addition to that, a prototype maturity
model was developed based on the capability map. The approach used when
developing the capability map’s first design and the maturity model was based on
deductive reasoning. It is worth noting that the data analysis followed the basic
principles for qualitative data analyses to make full use of the value of the data.
One of the critical concepts of qualitative data analysis is that it must be methodi-
cal and adhere to the qualitative content analysis method (Mayring, 2004). The

Phase 1 - Literature Review

Scoping the research domain around the conceptional model (G. Winch & Leiringer,
2016).

Dimensions of the Strong Owner capabilities.

Enabling dimensions for Strong Owner capability development.

Phase 2 - First Design Phase - Iteration 1
Building an initial model based on the Literature review. The first draft of defined
dimensions, capabilities, criteria, and level of the maturity.
Maturity model capabilities mapping based on the Literature review.

Phase 3 - Evaluation based on Interviews and survey
Mapping key industry practitioners for interviews

Designing the interview questions.
Phase 4 - Second Design Phase - Iteration 2 ’
Analysis of the collected data from the interviews.

Reviewing the current model and exploring new capabilities.
Building the second version of the model.

Phase 5 - Reflection and communication

Results
Disucssion

Fig. 22.1 Methodological approach
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methodology and tool used to map out the capabilities are described and
explained in Phase 4.

In Phase 3, the methodology behind the tools used for data collection was described

and explained. Primary data were collected directly from the subject-matter
expert—stakeholders and organizations operating either in the public or private
sector in the construction industry. The pattern of choosing the organizations was
focused on the fact that they should primarily operate in Denmark and act as
owners, clients, or consultants. In the analysis, nine interviews were conducted,
including a Danish Railway Client, Building Construction Client, Danish
Regional Client, Danish Municipality, Danish Owners Association, and an
International Pharmaceutical Company. It is worth noting that organizations that
partially operate in these industries were considered to extract best practices
around the industry. The primary data, as mentioned, consisted of nine semis-
tructured interviews (Brinkmann & Kvale, 2018) organized with ten industry
practitioners from seven different organizations. The interviews followed a qual-
itative data collection strategy; predetermined but open-ended questions were
defined and presented in a guide format for informants. The interviews aimed to
extract data about the existing capabilities, critical success factors, and maturity
levels the organizations employ.

In Phase 4, the methodology of the analysis for the gathered data from practitioners

from the industry was addressed. Preferably, a well-detailed thematic analysis
was performed by employing the scientific software Atlas.ti to create a solid
overview and flexibility in working with the data. To do so, deductive and induc-
tive codes were defined. The deductive codes focused on validating the existing
data from the literature review and interviews. In contrast, the inductive codes
were used to explore new knowledge by sieving the acquired data and finding
meanings and patterns of the interviews. Finally, the methodology’s steps method
was used to analyze the data collected from the interviews (Miles & Huberman,
1994). As a result, the second version of the maturity model was built.

In Phase 5, the final version of the maturity model was described. The conceptual

22

model was mainly divided into five sheets. Foremost, a summary sheet provides
a holistic overview of the maturity assessment, and a detailed sheet provides a
more detailed scoring in each dimension and capability. In addition to that, the
model included a separate sheet for each capability under each dimension, where
users could assess themselves given the information provided.

4 Findings

In this section of the chapter, the findings from the literature (Phase 1) and industry
interviews (Phase 3) are presented and discussed. As the core of the purpose state-
ment for this research was related to exploring strong owner capabilities, their rela-
tive critical success factor (CSF), and then building a maturity assessment tool for
strong owner capability development, the results were presented per capability, in
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accordance with the developed structure of the Owner Capability Maturity Model
(OCMM) capability dimensions. The findings presented were utilized to define the
maturity elements and maturity levels definitions of each capability in the OCMM
framework.

The first dimension to be discussed is the strategic dimension. Strategic capabili-
ties are defined, controlled, and owned by the owner organization (Winch &
Leiringer, 2016). According to the analyzed data, there are mainly two drivers for
successful capital raising. These CSFs are strategic planning and political negotia-
tion. First, strategic planning is a process in which organizational leaders determine
their vision for the future and identify their goals and objectives for the organiza-
tion. This may include planning the project pipeline of an organization. One of the
first significant findings was that organizations in the construction industry have
difficulty planning their needs for the future. According to a Director at the Danish
Owners Association, this was a significant challenge. Long-term strategic planning
helps owner organizations shape and better define their strategic direction. Thus, the
owner must be capable of making short-term planning for projects and doing long-
term strategic planning. Several industry practitioners emphasized the incapability
of long-term strategic planning in the interviews held. One last finding in the capital
raising capability indicated that the private owner organizations could raise more
capital for their investment projects from the public if they could contribute to the
environmental and social sustainability goals, where projects could contribute at the
local or national level. This was an excellent incentive for a recognized international
manufacturing company. Regarding stakeholder management, one of the first find-
ings regarding stakeholder management was that the owner needs to ensure a trans-
parent communication process and see project requirements from different
perspectives of all the stakeholders involved. One of the main challenges found is
that some owner organizations struggle to provide reliable and accurate project
information to the stakeholders. It was found that it is extremely important for the
owner organization to try and maintain a good balance between the benefits and
costs each decision has on the project stakeholders. This is considered the main
bottleneck in construction projects as it is tough to satisfy all stakeholders on the
same level.

A major challenge found in the industry, in general, was the complexity behind
defining the proper requirements of the projects, from the idea or initiation phase to
the construction or execution phase of the project. In addition, the challenge of
designing a constructible building by matching the design and construction require-
ments was found to be a challenge. Another main finding was the emphasis on the
importance of defining the scope of the projects in the portfolio and having the abil-
ity to plan and select projects driving the owner organization’s strategic direction.
Regarding ESG, one of the aspects of environmental sustainability that could be
included is implementing green engineering solutions in the construction projects,
whether it is in the design or construction phase of the project. Moreover, environ-
mental sustainability could also be implemented within the owner organization’s
supply chain. For example, a program manager at International Pharmaceutical
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company mentioned their strategic direction in implementing what they call “Green
Procurement Strategy.”

The second dimension to be discussed is the commercial dimension. Commercial
capabilities refer to the organizational competencies needed for an owner organiza-
tion to interface with its suppliers. The owner organization’s commercial capabili-
ties have an essential role in collaborating between the organization and its suppliers.
One of the major findings was that an owner organization needs to align with project
stakeholders about the project’s needs. This way, the owner organization can effi-
ciently and effectively identify the project’s needs. In that way, the organization can
also maneuver when work packages need to be broken down into smaller ones or
combined into larger ones to lure suppliers into bidding. One more finding was that
the organization needs to create a contracting strategy for every project in its port-
folio. To do so, the people responsible for the project can collaborate, including the
legal department and the project leaders, to discuss the scope, purpose, strategy, the
desirable outcome, risks, success factors criteria, and relevant information about the
execution of the project. Moreover, nowadays, the organizations mainly work
together with one supplier who can supply almost everything. In that way, the risk
is allocated to this supplier, so the money as well. Regarding relational capability,
the first important finding was that the organization needs to value the different
cultural aspects of its organization and its suppliers. Furthermore, it highlights that
trust is critical for collaboration between the organization and its suppliers to suc-
ceed in projects.

Globalization is a commercial capability induced from the inductive coding anal-
ysis performed on the interviews with industry practitioners. Globalization entails
that the owner organization must collaborate with international suppliers besides
the national suppliers. In this way, the organization can ensure better prices, better
quality, new knowledge, and new skills. The findings presented are based on the
analyzed data from the industry interviews. One main CSF for this important owner
capability was identified. International collaboration CSF defines the cooperation
between the owner organization and the international suppliers.

The third dimension to be discussed is the governance dimension. Based on the
literature review, governance capabilities are mainly those organizational compe-
tencies required for an organization to become a strong owner organization to inter-
face successfully with a temporary project organization. One of the first major
findings regarding assurance is that the project’s progress is reported to the board at
meetings on the project milestones. However, a major challenge identified where
the project continues and moves to the next phase even though the prerequired phase
is not completed yet. That indicates a great risk, but as a section manager argued,
stopping the project is even more significant. Another finding indicates that it is
essential for the organization to effectively document the ownership definition, the
roles of the project participants, and the organization’s structure. One of the first
findings regarding project coordination is that it seems that there is a certain compe-
tency that is missing in the industry in general. This competency was named “engi-
neering management.” Engineering management is a discipline that is set to
cross-coordinate between different functions in an organization, such as
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engineering and finance. A final finding concerning project coordination was that
data-driven project monitoring and controlling would improve transparency between
all project stakeholders. According to the Director of Danish Owners Association,
digitization of project logging would be an excellent next step in the industry.
Regarding asset management, an important finding was that the organization should
consider the differences between the design and the actual execution phases—build-
ability. Also, another finding indicates that the use of modern technologies such as
3D coordination and building information models helps tackle many of the prob-
lems. Another significant finding determines that it is essential for the organization
to obtain accurate data regarding asset integration. Another important finding, espe-
cially for property owners, is the fact that procedures should be put in place regard-
ing the delivery of the project on how to integrate the asset into the existing business
operation.

The following Tables 22.2, 22.3, and 22.4 summarizes the findings from the lit-
erature and the interviews.

The study further identified enablers that could be leveraged for the owner orga-
nizations to develop the strong owner capabilities, and these enablers include sys-
tems engineering, project organizing, leadership, digitalization, and strategic
partnerships. First, systems engineering is a field of engineering management that
focuses on complex systems in the design, integration, and management of these
systems and their life cycle (Roehrich, 2020). Second, project organizing is about
how the project organizational setup is functioning (ICE & ICG, 2021). Third, lead-
ership is a role and activity that the owner should possess in administrating the
delivery of construction projects (Kortantamer, 2019; Kedri & Unsplash, 2021).
Forth, digitalization is a powerful tool for dialogue with decision-makers and part-
ners, but they also achieve increased learning by gaining insight into their perfor-
mance (Bang et al., 2016). Fifth, strategic partnerships between the organizations
create a repetition effect that would affect their collaboration in many different ways
(Gottlieb et al., 2020). It is worth noting that the enablers and critical success factors
relating to the dimensions were discussed in the findings and conclusions section.

After analyzing the data gathered from literature and the industry interviews,
maturity definitions of each level were interpreted as visualized in Fig. 22.2. The
developed assessment tool included a detailed interpretation and description of each

Table 22.2 Strategic dimension—capability definitions

Strategic dimension

Capital raising Organization’s ability to raise the capital to fund investment projects

Stakeholder The process of maintaining the relationships with the involved project

management parties

Project portfolio Owner’s organization ability to manage “its” projects, which shares

management scarce resources by selecting its project, mission, and strategy

ESG Environmental, Social, and Corporate Governance evaluation of a firm’s
collective conscientiousness for social and environmental factors

Knowledge Ability of the owner organization to manage all the knowledge at the

management organizational level
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Table 22.3 Commercial dimension—capability definition

Commercial dimension

Packaging Organization’s ability to make a contracting strategy through which the
work breakdown structure (WBS) is packaged into market-friendly clusters
of work

Procurement The ability to identify and select suppliers by understanding the supply
market through the bidding processes, negotiation skills, contract
management, and setting procurement plans

Authority and legal | Owner’s involvement in facilitating tender regulation and authority

processing approvals for projects

Relational Owner’s interaction with the supply chain mainly through innovative
supplier management and working relationship between commercial
parties and interorganization

Globalization Owner’s ability and flexibility to coordinate its needs with local and global
suppliers

Table 22.4 Governance dimension—capability definition

Governance dimension

Assurance Owner’s internal activities to inform the executive management about the
progress of a project. This is mainly happening via communication, ownership
definition, a well organizational structure and complying to the rules

Project Addresses the capabilities needed internally in the project organization to

coordination | secure the ongoing progress of the project’s life cycle

Asset Addresses the capabilities required for an organization to integrate and manage

management | the final asset into existing operations

Level 1 Initial level of maturity where the organization shows in general poor maturity in the
ull?gl)tt!ztli.igtglflse defined critical success factor of each capability, co-related to the three capability

poorly controlled |dimensions. The overall score in the OCMM assessment tool (0 - 20\%)

and reactive
Level 2 At this level, the organization will show a fair and managed performance in the defined
Managed: CSFs |critical success factor of each capability, co-related to the three capability dimensions.
characterized for | 1o \ever, it still shows major weaknesses in many CSF. The overall score in the OCMM
projects is often o
reactive assessment tool (20 - 40\%)

At this level, the organization will show a good performance in each capability's defined
critical success factor, co-related to the three capability dimensions. The recognition of
the CSF in the owner organization would have significantly raised with the application of
enabling dimensions, with some recognized weaknesses that the organization would be
working on. The overall score in the OCMM assessment tool (40 - 60\%)

At this level of maturity, the capabilities defined are generally very well applied and existent according to the
CSF under each of them. Minor weaknesses would still be present. However, collaborative cooperation,
technical performance, cross- organizational performance adjustment, and continuous development
optimization are very well established in the organization. The OCMM value is gradually reflected in the

final performance of the projects in the organization. The overall score in the OCMM

At this final level of maturity, the owner organization would be considered strong in
performance in most of the defined CSF's. The organization's management would apply
recognizing all the capabilities defined in the capability map and would have an excellent
programs to continue to optimize all the mechanisms in both the projects and the
organization in general. The overall score in the OCMM assessment tool (80 - 100\%)

Fig. 22.2 Maturity levels definition in the developed maturity assessment tool
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capability at each maturity level. Specifically, the descriptions entailed defined criti-
cal success factors, characteristics, challenges, and maturity elements an owner
organization would have at each level. The capability map built a base for the matu-
rity model, consisting of five different maturity levels. These levels evolve with a
step-by-step approach, with the lowest level being Level 1 to the highest at Level 5.
These levels were linked with the performance of the organization, and the dimen-
sions referred to strategic, commercial, and governance. The capabilities gather
from the spectrum of the literature and interviews with public and private organiza-
tions. These capabilities were the central focus of this model. The evaluation criteria
referred to the critical success factors, where a capability was divided into smaller
capability factors. Moreover, the Success Factor Criteria matrix described in detail
the full description for every success factor criterion at the five maturity levels.
Finally, the Capabilities Development matrix depicted all the capabilities found and
needed for an organization to increase its organizational performance at project
execution.

22.5 Discussion and Conclusion

Today, the owner organizations make the earliest decisions in the construction pro-
cess. Thus, they play a central role in shaping the building and construction projects
that significantly affect the society. The owner has a key position in ensuring that all
interests are taken into consideration and that the parties in construction work
together to meet the project’s objectives. To succeed, it requires owners to navigate
the board of directors and ask the right questions to consultants and contractors to
better manage projects, processes, and actors through everyone involved in the proj-
ect. The model developed was tested by the Danish Client Organization Building
Construction to evaluate the performance of the maturity level of its capabilities. It
is worth noting that the reliability was examined to clarify whether the framework
developed and the findings presented in this research are valid and reliable. The
assessment tool developed is an excel-based tool with owned copyrights for the
authors.

The model developed has significant implications for academia and industry.
Impact on practice focuses mainly on the ability of strong organization owners to
assess their capabilities’ performance and maturity. In addition, it would be very
convenient to compare the necessary organizational development goals with these
tools. Owners’ organizations could also discover the capabilities used by other orga-
nizations in the same industry to understand the capabilities required for growth.
Last but not least, the models could serve the purpose of identifying the green devel-
opment agenda in line with the UN Sustainable Development Goals.

Shedding light on the implication on academia can be seen how these models
contribute further to the findings of Winch and Leiringer (2016). The latest research
and literature about strong owner capabilities have mainly focused on the needed
capabilities at owner organizations to execute projects more successfully. It has also
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been revolving around the fundamental industry problems tackled in this research
study. However, not much research has been done on maturity models for the con-
struction industry’s owner capability development. This is where this research pro-
vides its main contribution to academia. The maturity model developed and the area
researched entailed many of the recent works done in the area of owner capabilities,
development of capabilities for better project execution, and empirical data from the
industry practitioners, which only enhanced the credibility of the results and out-
come of this work.

Moreover, this research study has set a baseline and direction for future research.
One of the main topics that could follow this research is the study of the enabling
dimensions. Future research should focus on using these enablers in the developed
maturity model, or in other words, the “how” of the application of these enablers in
theory and practice. These could be certain practices that owner organizations must
do or develop at each level of maturity in each capability. Furthermore, a review of
more enablers could be substantial to develop this model further.
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Chapter 23
Experiences from Implementing
a Collaborative Project Delivery Method

Atle Engebg, Julian Andreas Moen Rygh, Ole Jonny Klakegg, Jardar Lohne,
and Ola Laedre

Abstract During the last decades, a change has happened in which the project
delivery methods have been adapted to the increasingly complex projects. Essential
elements are the focus on early involvement of key actors, shared decision-making,
risk, reward, etc. Although more projects are carried out in this manner, there are
still unanswered questions about the effects and the project participants’ experi-
ences. This chapter reports on a case project in Trondheim, Norway. Document
studies, eight in-depth interviews, and observation of eight integrated concurrent
engineering sessions have been conducted. The contractor was involved early in the
project. Thus, the delivery method acquired collaboration among the contractor,
client, architect, and relevant consultants to find the optimal solutions. The study
revealed several lessons for future collaborative projects. First, the client should set
a more explicit financial framework, potentially leading to more favourable working
conditions and time savings. In addition, elements such as shared goals and
objectives should be updated and maintained throughout the project. Finally, cul-
tural elements are less tangible and concrete and therefore seem less attended to in
these projects. As a result, relationship building seems to be downgraded in times of
uncertainty and time pressure. This underpins the importance of facilitating
relationship building and other cultural elements through the project’s
delivery method.
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23.1 Introduction

For a long time, the construction industry has been exposed to criticism associated
with low productivity measurements and poor performance (Davis & Love, 2011).
A contributing factor is the global trend of increasingly large and complex projects.
Since the early 2000s, the size of construction projects has increased to a particular
degree (Hu et al., 2015). Also, more complex buildings and infrastructure emerge
due to the “green shift” and technological advancements. To achieve more sustain-
able projects often include innovative and complex solutions. Gunhan (2019) points
out that this has gained foothold in the industry.

To meet complex projects” demands, both the public and private sectors focus on
developing and implementing new project delivery methods (Molenaar et al., 2009;
Scheepbouwer & Humphries, 2011; Touran et al., 2011). This means designing a
better system for organising design, production, operation, and maintenance activi-
ties, including making choices related to the structure for decision-making, contract
form, contracting process, and more (Miller, 1997; Miller et al., 2000). However,
the design of project delivery methods is a complicated exercise, which often leads
to significant variations and challenges associated with finding a practice that sup-
ports and provides the necessary room for manoeuvre within the chosen model
(Klakegg, 2017). Particularly, attention to the relational aspects of project delivery
has been given emphasis in the last 20 years, and a shift towards collaboration-
focused methods has happened (Bayramoglu, 2001; Dewulf & Kadefors, 2012;
Stene et al., 2016). These methods have been given attention in the literature but are
still in constant development.

The paper addresses how the construction economics and organisation research
field can contribute to sustainable development by reporting project delivery meth-
ods. Project delivery methods have been identified as critical for successfully deliv-
ering sustainable construction projects (Mollaoglu-Korkmaz et al., 2013; Ahmad
et al., 2019). Specifically, it reports the findings from a master thesis that examined
the project delivery method and its effect in the pre-construction phase on a case
project located in Trondheim, Norway. Thus, the purpose of this chapter is (1) to
describe the project delivery method, (2) strengths and weaknesses observed, and
thus (3) to suggest a potential improvement for future projects.

23.2 Literature Review

A construction project is a complex process that integrates interests of many stake-
holders towards the eventual goal of realising a constructed facility (Brown et al.,
2001; Ruparathna and Hewage, 2015). In the search for better performance, one
route to consider is to work more collaboratively with other organisations (Hord,
1981; Harback et al., 1994; Latham, 1994). In the private marked, collaboration is
attractive when performing an activity with a partner is greater to performing it
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either internally, in a market transaction or through merger (Porter, 1985). In project-
based industries, these dynamics will be slightly different. Here, the key to success
lies in the ability to attract and accomplish projects and in which a prerequisite will
be that several organisations work together (Brady and Davies, 2004; Turner et al.,
2009; Soderlund, 2011).

23.2.1 Project Delivery Methods in the Context
of Sustainable Development

The United Nations sustainable development goal number 9 is to build resilient
infrastructure, promote inclusive and sustainable industrialisation, and foster inno-
vation. However, sustainable construction projects are also complex, and the indus-
try is beginning to realise that such projects have additional requirements in their
overall development process (Ahmad et al., 2019). For example, the delivery pro-
cess for sustainable construction projects is more complex than traditional construc-
tion and requires more planning as the technical requirements are higher and more
stakeholders are involved (Swarup et al., 2011). Thus, such projects increase the
need for team interaction, increase the demand for specialised system expertise, and
introduce new technologies. Therefore, adjustments in delivery processes are neces-
sary to help facilitate, manage, and improve the effectiveness of these project team
transactions (Korkmaz et al., 2011).

Particularly, the design process has been given increased attention and the impor-
tance in collaboration between disciplines to establish the building’s desired func-
tion and create optimal solutions (Magent et al., 2009). Thus, a key aspect for a
collaborative project delivery method would be to facilitate team integration to
improve delivery practices (Mollaoglu-Korkmaz et al., 2013). The core strategy
seems to be that of project owner integrating contractors and other major contribu-
tors into the project. By involving the contractor during the design phase, the project
could optimise the construction processes in regard to sustainability (Son
etal., 2011).

23.2.2 Deconstructing Collaborative Project Delivery Method
into Contractual, Organisational,
and Cultural Elements

Collaborative project delivery methods go under many names such as Alliancing,
Partnering, IPD, or ECI. What has been seen is that many of the various methods
share many similarities in the elements (referred to as hard- and soft elements, part-
nering mechanism, etc.) that are implemented. For example, Nystrom (2005) found
that the concept is understood by looking for a network of overlapping similarities
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and that two components were always included in the descriptions, trust and mutual
understanding. Through commitment to mutual project objectives, collaborative
problem-solving and a joint governance structure, these project delivery methods
pursue collaborative relationships emphasising trust to pursue improved perfor-
mance (Bgrve et al., 2017).

Categorising the elements found in collaborative project delivery methods is
meaningful for organising, analysing, and creating a foundation for further com-
parison. We choose to categorise into three categories: contractual, organisational,
and cultural (Wgien et al., 2016; Simonsen et al., 2019; Engebg et al., 2020).
Contractual elements, or hard elements, are those that are directly regulated by the
contract or have their basis in the procurement process (Yeung et al., 2007).
Furthermore, in our categorisation, organisational elements are mechanisms that
affect the organisation and the process surrounding the project — but not regulated in
the contract. However, they are more tangible than cultural elements, making them
easier to identify (Wgien et al., 2016; Falch et al., 2020). Collaborative project
delivery methods are sometimes referred to as soft because they depend on elements
beyond the contractual or organisational ones to ensure good collaboration.
Therefore, selecting the proper organisational elements is vital for success. The cul-
tural elements, or soft, are those that contribute to the relationship between the peo-
ple in the project (Yeung et al., 2007). The cultural elements represent the project
delivery method’s mechanism that is designated towards the “soft side” — project
culture (Pollack, 2007; Turner, 2021). The result is that, in practice, the client has a
comprehensive list of contractual, organisational, and cultural elements to
choose from.

23.3 Methodology

This study followed a qualitative methodology to study the selected case project.
The study has followed Yin (2018)’s approach to case studies. Yin (2018) points out
that case studies are preferred when the desire is to research a current event or a
collection of events, particularly complex events where researchers cannot quickly
isolate variables. Also, the procedure is beneficial in cases where there is adequate
prior knowledge of a topic (Samset, 2014). The case study was chosen due to its
approach to handling a wide range of data: documents, interviews, direct observa-
tions, and objects (Yin, 2018).

For data collection in the case study, several data collection methods have been
used: observations, interviews, and document studies. First, the observation method
was used to gather empirical data. Observations were made of the design sessions.
The observations were carried out as an “observer-as-a-participant.” In such a role,
the observation is known to those involved (Saunders et al., 2016). Due to the uncer-
tain situation surrounding Covid-19, the observations were mainly done digitally
(of eight observations, one was conducted physically). Due to the uncertain situa-
tion surrounding Covid-19, most of the design sessions happened digitally. Thus, of
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eight observations, one was conducted physically and the remaining digitally. When
physically present, informal conversations and questions in breaks/lunch contribute
to understanding. It was also easier to interpret the participants. The change to digi-
tal observations posed some alternations of approach. The meetings were easier to
observe as discussions were more “on the topic” and “straight to the point.” However,
some of the informal interactions among participants in physically present meetings
were lost. Additionally, the observations were also a convenient means for making
initial contact with key people and understanding the project. For example, the first
observations were made in advance of the interviews serving as a reasonable contri-
bution to preparing the interview guide.

The documents studied were acquired with permission from the contractor.
Document studies are beneficial in case studies that explore detailed descriptions of
a simple phenomenon, an organisation, or event (Bowen, 2009). Although docu-
ments can be a rich data source, it is essential to look at them critically. Documents
should not be treated as completely precise, accurate, or a complete picture of what
happened. In this study, the document study has mainly been used to supplement the
primary data (interviews and observations) and establish an overall assertion of the
project. About 100 pages of documentation were examined, including project docu-
ments such as organisational charts, responsibility matrices, extracts from contracts,
and progress plans. The document study was conducted in two parts. The first part
was to establish an overview of the project and work up enough knowledge regard-
ing the project before observations and interviews. The second part was carried out
to confirm, supplement, or reject information from the data collected from the
observations and interviews. Any discrepancy between the data collection informa-
tion and documents was returned to the project for clarification.

Interviews were conducted with key personnel associated with the case project.
The interviews were semi-structured, meaning that they followed a pre-defined
interview guide. The recruitment of interview objects was based, among other
things, on recommendations from contact persons in the project and observations. A
total of eight interviews were conducted. Two interviews were conducted physi-
cally, while the rest were conducted digitally. The client’s project manager was
interviewed, while from the consultants and subcontractors, we interviewed a tech-
nical coordinator, project manager (constructor), and project manager (technical).
From the contractor, the project manager, site manager, design manager, and project
procurer were interviewed. All interviews were recorded after the approval of the
interviewee. After transcription, the minutes were sent to the interviewee for
approval. The transcript was also used as part of the filtering and analysis of the data.

The data obtained may be understood as data composed of events, i.e. process
data. The analysis focusses on understanding the phenomena by providing a “vicari-
ous experience” of a real setting (Langley, 1999). Thus, an essential part of the
analysis was to see the data in the context of the contractual, organisational, and
cultural elements that functioned as thematic categories/units of analysis and in the
light of the research questions (experiences — potential for improvement).

The study is limited to one in-depth case project investigating the pre-project
phase or phase 1 of the so-called two-stage method (elaborated in Sect. 23.4.2). The
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case project was chosen because it represents a complex project with a collaborative
delivery method. In addition, the data collection was conducted by a master’s stu-
dent who had gained access to the project through an internship the prior year. The
study emphasised a descriptive approach describing the delivery method, identify-
ing strengths and weaknesses, and presenting the potential for improvement.
Furthermore, the study is limited to a qualitative case study approach in terms of
methodology.

23.4 Results and Discussion

23.4.1 The Case: Trondheim Central Station

The project was studied throughout the collaboration phase in autumn of 2020 and
spring of 2021, i.e. from the contractor’s entrance into the project until the contrac-
tor handed over the final project description and associated target price. The project
is currently in the phase of detailed design. The Trondheim Central Station project
is set to expand the current Central Station and the surrounding area giving the city
a new public transport hub where railways, ferries, and buses are linked (see
Table 23.1). The new terminal building will be completed in 2025 and aims to
become Norway’s most modern public transport hub. At the same time, as a new
terminal is being built, 13,000 m? of office space, approx. 5000 m? of commercial
space, and over 200 new homes will be built. The project is part of Trondheim

Table 23.1 Project characteristics

Project type Terminal building with office, commercial, and housing spaces

Client type Public: joint ownership between rail authorities and the municipality

Clients maximum | 200MNOK. Phase 1 developed using a target cost process
price

Project delivery Two-stage delivery: Phase 1: joint project development; Phase 2: design-
method build contract for the delivery
| Step 1: client-led collaborative phase > Step 2: contractor-led

e EEOEE
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municipality’s plan for green urban development. It follows up the municipality’s
goal of densifying areas close to the city centre so that more people can walk cycle
and travel by public transport in everyday life.

23.4.2 The Delivery Method

The project is carried out as a two-step design-build. After winning a tender, the
contractor became involved in the preliminary project. The client had already
involved an architect and consultants, and the contractor then intended to take over
these contractual conditions for phase 2. Phase 1 started in mid-2020, consisting of
concept and target price development with collaboration. Phase 2 consists of
detailed design and delivery. In this project, the organisation is defined as how the
client and the contractor’s overall organisation was structured. The project was
divided into two phases. Phase 1 is a preliminary project with collaboration that
leads to a fully developed target price. The project then moves to phase 2, detailed
design and construction.

The first period after the contractor’s involvement was initially supposed to be
client-controlled before the contractor was to take over the responsibility of the
contractual and procedural matter. The strategic aim of the client for the initial part
of the collaboration phase was to involve the main contractor first in a consultant
role for then to transfer the management responsibilities after a habituation period.
Thus, making the first part client-led before the contractor took responsibility for
the contractual and procedural matter. Nevertheless, it became clear to the project
group relatively early in the collaboration phase that it would be appropriate for the
contractor to take over control. The following argument for this organisational
change was revealed through the interviews: (1) the contractor had a system and
delivery method for managing the collaboration phase. This was considered a com-
petence the project group could not fully use as long as the contractor had a consult-
ing role. (2) The contractor believed that the project group was neither adequately
nor well-staffed and desired to bring in more expertise. The client also believed it
would be best for the contractor to take responsibility for the new contract condi-
tions. Therefore, the contractor also took over existing contractual relationships
with consultants and went into a more management role for the collaboration phase.
The main contractor proceeded to bring subcontractors and suppliers into the proj-
ect, which led to several replacements in the project group as the main contractor
did not extend the existing consultancy contracts. The contractor conducted inter-
views focusing on experiences with collaboration and aimed at identifying those
who best understood the task and what it takes to achieve good collaboration.
Coincidently, most of the subcontractors and suppliers who came in had collabo-
rated with the contractor before. Table 23.2 shows the contractual, organisational,
and cultural elements emphasised in this particular project. The findings do not
necessarily have to be representative of other collaborative projects.
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Table 23.2 Identified elements in this case

Category Identified elements in this case

Contractual elements Joint project organisation

Target cost development in phase 1
Design-build contract in phase 2

Early involvement of contractor

Early involvement of subcontractor/supplier
Function description

Open book

Conflict management procedure

Organisational elements IT tools and BIM
Integrated concurrent engineering
Scrumsprints
Savings list

Cultural elements Motivation

Common objectives
Collaborative culture
Relationship building
Competence composition

23.4.3 The Delivery Processes

The target price was developed through five levels using continuous calculation and
uncertainty analyses. The first level, target price 0, was a very rough calculation
based on historical figures, with a low level of detail, which led to a high degree of
uncertainty. Target prices 1 and 2 included more and more qualitative assessment,
making the foundation for the investment decision. The target price 3 was a status
assessment intended to optimise the project. Finally, target price 4 was a detailed
assessment in which the project team clarified the most significant known uncer-
tainties and risk factors. The development- and subsequent submission of the Target
price (4) marked the end of the collaboration phase, as it was the final offer to the
client. Accepting the Target price (4) allows the transition to phase 2 — detailed
design and implementation, see Fig. 23.1.

The team worked on elapsed time. All actors registered the estimated hour budget
to complete their respective work tasks in the preliminary project. The project team
mainly reported positive experiences from this way of working. The target price
development at different levels gave consecutive numbers to control the design from
an early stage. There were relatively short horizons between target prices, leading to a
common focus and collaborative climate towards reaching the relevant target prices.

On the other hand, the client reported that, from their perspective, some subject
areas were perceived as rushed to finalise the target price, leading to inaccurate pric-
ing. Several project participants expressed frustration about the client’s lack of an
explicit budget framework and thought this could lead to better working conditions
and time savings. For example, when the group delivered the target price 2, the cli-
ent deemed it too high. The actor thought they could have adapted the building to
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Signing of contract Proposition for
for phase 1 signing of contract
Phasc l for phase 2
Target Target Target Target Target
price 0 price 1 price 2 price 3 price 4
Client-led Contractor-led

Fig. 23.1 The target cost process as planned by the project group

the client’s wishes better if they had stipulated a better owner budget. This could
have made the work on the preliminary project easier, saved time, and may be
bypassed the need for a savings list. In this project, the client consisted of several
constellations with their interests and budget (railway, ferry, bus, office rental, and
shop rental). This ownership composition meant that the target price had to be dis-
tributed over different budgets. As stated by the client early in the project, this is
special and challenging, and it may require more work than what the planned target
price development process had taken into account.

Seen from the outside, it may look as if the contractors had expectations of a target
price development process with a set client budget (the client’s maximum price)
where they should work to get the most within the fixed maximum price. In contrast,
the client probably expected a target value process where the group would focus to a
greater extent on creating the most significant possible value for money within a more
uncertain budget. This discussion came to the surface when one constellation of own-
ers experienced losing its most prominent tenant and thus had to reconsider its partici-
pation in the project. As a result, the project concept had to be significantly adjusted,
which was frustrating for delivering entities. On the other hand, the project group
gradually became better at working under uncertain conditions and better equipped to
cope with such changes. It is also pointed out that there is a potential in improving the
understanding between contractor and client when reviewing the uncertainty analysis.
The delivering entities believe that it is often difficult for clients to familiarise them-
selves with these uncertainties and follow the review. A contractor representative
acknowledged that something had to be done to make the uncertainties more under-
standable for the client. Bettering this part of the target cost process may improve the
contractor’s and the client’s understanding, particularly by developing a more thor-
ough description of the procedure for specific costs, associated risk, and added uncer-
tainty when prices are collected from suppliers.

23.4.4 The Project Culture

The cultural elements are perceived as the most challenging to concretise, espe-
cially compared to contractual and organisational ones. The interviewees were clear
on the importance of cultural aspects, such as project culture, relationship building,
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but struggled to articulate how these elements were associated with the project
delivery method. When asked about examples, some said it was particularly chal-
lenging during the transition from client-led to contractor-led as many replacements
and adjustments happened. In the project, when the contractor assumed the manag-
ing responsibilities, they simultaneously imposed their system for collaboration
based on their experience with collaborative project delivery. Therefore, it has been
a clear procedural responsibility to implement the collaborative elements on the
contractor’s part. In contrast, the client has actively participated in the process and
learned a lot from it. It is also important to emphasise that the contractual and organ-
isational elements do not guarantee an improved culture of collaboration.

A contractor representative expressed that such a collaboration phase required a
lot from each participant. In addition, the actors involved, except the contractor, had
not much experience with this kind of delivery method. An interviewee noted that
when the contractor entered the project with their way of organising such processes,
it collided somewhat with the existing consultant organisation structured in slightly
different ways — especially considering meeting activities, etc. An interviewee
stated: “I think it can be challenging for project participants and the management if
culture and process are not agreed upon when new actors come in.” For example, no
new common goal preparation was made after the new project group was estab-
lished (the contractor’s consultants and suppliers), resulting in some feeling that the
objectives were not well enough anchored in the project group. An interviewee
believes that it could have been beneficial if the project participants had spent more
time getting to know each other better.

Another aspect, Covid-19, resulted in the project group mainly interacting
through digital collaboration. As a result, the project team lost essential elements
such as social interactions during lunch, and coffee breaks, which are necessary for
building and maintaining a good culture of collaboration. Another interviewee is
aware that they should have been better at arranging team building activities within
the possible framework (work context). It may have been challenging for the con-
sultants to be transferred to the contractor, given they were used to working with the
client. At the same time, the contractor obtained consultants they had a good past
experience with. Some interviewees reflected that the project group had possibly
relied too much on previous relationships, which could negatively affect over time
since relationship building should happen continuously throughout the project.
Some interviewees said they experienced that relationship- and teambuilding was
downgraded in uncertainty and time pressure periods.

Some mentioned that too much competence and too many participants involved
led to slowness in communication and confusing areas of responsibility. For exam-
ple, there were up to ten architects involved at most. In addition, the various archi-
tects had different professional knowledge and areas of responsibility, which led to
challenging communication and uncertainty associated with who should be involved
in multiple decisions. This meant that the contractor eventually saw himself forced
to reduce the number of architects in the project. However, interviewees also stated
that the composition of professional competence was more than good enough in the
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early phase, which was somewhat contradictory to the statements from the
contractor.

23.4.5 Suggested Improvements

The study uncovered some strengths and weaknesses of the project delivery method
based on data obtained from the interviewees, observations, and considerations.

The transition from client-controlled to contractor-controlled collaboration gave
the contractor time to get acquainted with the project organisation before deciding
which actors/participants should be included going forth. However, finding the bal-
ance between making changes to the project group early on and maintaining conti-
nuity in the project organisation was challenging. As the client puts it, this intended
overlap period was a somewhat strategic choice. It gave them room for manoeuvre
to make changes along the way. As they mention: “We started a large organisation,
but we were not sure that this was the right way to do it”. Although the transitory
period allowed the contractor to adapt the project to their wishes, much disruption
could hamper continuity and reset relationships (Baiden et al., 2006). It also seems
necessary to make changes in the project organisation relatively early, not nega-
tively affecting the project culture. Naoum (2003) notes that it is particularly advan-
tageous to ensure continuity by maintaining an equal project organisation from
phase 1 to phase 2.

A challenge mentioned with such a model is associated with the contract form
for phase 2, the intended design-build contract. First, this transition could poten-
tially lead to the company boundaries becoming clearer and losing some of the col-
laborative culture developed through phase 1. Second, by exclusively including
more subcontractors and suppliers in phase 1, there will be an uncertainty associ-
ated with the degree of utilisation of the market (in regard to pricing). The target
cost development took place in levels, which was intended to create a smooth work-
flow and open up for mid-term assessments at the various levels. As outlined by
Lahdenperi (2010), the possibility of making changes throughout the project is
reduced, at the same time as the change costs increase. Therefore, it is essential for
such a model to maximise the significance and potential in the collaboration phase
(the period from the involvement of the supplier link to the determination of the
target price). Several interviewees thought this allowed them to control the design
early, which would be financially and time-efficient for the project. For example, as
discussed in the previous section, the contractors expressed the need for an explicit
maximum budget frame from the client’s side. This is supported by Johansen et al.
(2021), who believe that an unrealistic economic starting point often leads to the
next target price being too high. Ambiguity and sudden changes to the budget may
lead to cost-cutting instead of improvements and innovation if the client and the
delivering entities share a common understanding of the process they conduct.

One can understand why the client is “playing on the defence” as projects tend
to cost more than initial estimates (Andersen et al., 2016). This way, they get to
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probe the terrain and grasp whether the costs will be lower than they had imagined.
As the project will progress into a design-build contract after the collaborative
phase, the incentives for the delivering entities to get the target price substantially
below the maximum client price are relatively low as that will affect their scope of
work and potential margins. Also, another risk from the client perspective is that the
delivering entities will withhold proposing cost-cutting solutions until after signing
the design-build contract (then proceed with said solutions in the proceeding
detailed-design phase). On the other hand, as stated by Lahdenperi (2010), the cli-
ent benefits from the diminished risk of a cost over-run due to the incorporated “cost
insurance” feature.

The client’s idea that the delivering entities are withholding innovations and
solutions has its founding in a principal-agent perspective where the actors are
expected to act in their own most suitable interests. From a collaborative viewpoint,
this does not seem to consider that the project was developed by people who want
to perform well for this particular project. As Davis and Love (2011) point out, trust
is vital for creating a joint project affiliation. Several interviewees highlighted such
elements associated with the project culture aspect. Individual motivational factors
are highlighted, such as being involved in a complex project with size and signifi-
cance for Trondheim. In addition, in the collaboration phase, the participants can
influence the building to a degree impossible at any later stage of the project (“/eav-
ing a mark”). In addition, for a comparative small marked that the Trondheim region
is, project success (even in just the collaboration stage) could give merits that can be
drawn upon for both individuals and organisations for ensuring future work.

23.5 Conclusion

This chapter explored the project delivery method and its effect in the pre-
construction phase on a case project located in Trondheim, Norway. In particular,
we sought to (1) describe the project delivery method and (2) the strengths and
weaknesses observed, and (3) suggest a potential improvement for future projects.
In recent years, the two-stage collaborative project delivery method has increased
in popularity in Norway, especially in public projects with characteristics making
them a more complex endeavour. The study identified 18 collaborative elements in
the case project, of which nine are classified as contractual, four organisational, and
five cultural. In the context of the UN sustainable development goal, project deliv-
ery methods will play a role in building resilient infrastructure. The study shows
that early involvement of the delivering entities in a so-called collaboration phase is
central to these collaborative project delivery methods. The collaborative methods
contribute towards fostering innovation as the emphasis on team interaction and
focus on involving all the needed competence at once seem to be suitable for facili-
tating the planning, engineering, and involvement necessary for these projects,
mainly since the delivery process for sustainability requires more planning as the
technical requirements are higher and more stakeholders are involved. After all,
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such projects require far more competence, commitment, and collaboration to
achieve goals beyond the traditional cost, time, and quality parameters. As for
improvement, it seems that cultural elements get the least attention. The project
participants express on a general basis the importance of cultural elements, but the
abstraction of the concept makes it hard to make satisfactory considerations regard-
ing them. This substantiates the significance of the project management focusing on
the cultural aspects in the pre-construction phase.

Additional research on a better understanding of and improving the cultural
aspects of collaborative project delivery methods is needed. In addition, this chapter
focuses on phase 1, i.e. the collaboration and design, so it would have been worth-
while to also look at the implementation phase. In addition, there is a need for creat-
ing a body of knowledge on these types of projects allowing for systematic
evaluation.
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Chapter 24 )
Price Tendering in the South African ST
Consulting Engineering Industry
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Abstract Competitive tendering has led to consulting engineering organisations
reducing their fees. However, discounted or low fees have often been cited as one of
the primary reasons for the declining quality of professional services in the South
African construction industry. Since competitive tendering is a key process in the
provision of consulting engineering services, this paper examined the impact of
competitive tendering on pricing and services provided by consulting engineers. A
survey with open-ended questions was conducted with ten experienced profession-
als in the consulting engineering industry. This study found that fees are still being
determined using fee guidelines despite their publication being suspended in 2016.
Participants in this study suggested that clients should stipulate minimum fees in
tendered projects as a mechanism to address unsustainably low fees in the industry.
Low levels of professional fees cause consulting engineering organisations to
reduce services wherever possible and only spend time commensurate with the
level of fees on projects. Reduced services may have downstream impacts on proj-
ect outcomes during and post construction. Poor project outcomes adversely affect
the provision of services related to several of the Sustainable Development Goals
(SDGs). Therefore, clients in South Africa should assess the implications of com-
petitive tendering and determine if the current approach is appropriate to ensure
successful outcomes on infrastructure projects. This will assist in the attainment of
the SDGs.
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24.1 Introduction

Since the introduction of competitive tendering, competition and a steep reduction
of fees have been observed in professional service contracts in South Africa (CESA,
2021). Industry groups have asserted that competitive tendering has led to a high
level of “discounting” causing unsustainably low fees that are detrimental to the
quality of engineering services and the profession (Liebenberg & Wilson, 2011;
Okonkwo & Wium, 2018; CESA, 2021). Professionals have indicated that within
their organisations, delivering quality services is difficult especially if they are con-
strained by low fees (Okonkwo & Wium, 2018). Studies in the construction industry
have tried to link low fees (arising from competitive tendering) with poor-quality
professional services. Some of the studies mentioned that low fees result in declin-
ing quality (Andi & Minato, 2003; Gransberg et al., 2007; Ali & Au-Yong, 2021;
Quapp & Holschemacher, 2021), while other studies reject this notion (Hoxley,
2000; Lam, 2012; Laryea et al., 2021). However, the construction literature does not
examine how and to what extent pricing within consulting engineering organisa-
tions has been affected by competitive tendering (apart from mentioning that it has
reduced), nor does it assert the extent to which professional services are impacted
by competitive tendering.

Provision of inadequate or poor-quality consulting engineering services inevita-
bly leads to poor project outcomes such as delays and cost implications on infra-
structure projects (Love et al., 2006; Philips-Ryder et al., 2013). Poor project
outcomes adversely affect the provision of services related to several of the
Sustainable Development Goals (SDGs), namely, clean water and sanitation (SDG
6), health infrastructure (SDG 3), educational facilities (SDG 5) and reliable and
affordable energy (SDG 7). Since competitive tendering is a key process in the pro-
vision of consulting engineering services, it is necessary to assess the impact of
competitive tendering on pricing and services provided by consulting engineers,
especially since these services are vital to achieve successful project outcomes
which assist in attaining some of the SDGs.

Therefore, this paper first examines the effect of competitive tendering on how
consulting engineering organisations price professional services. Second, this paper
examines the extent to which consulting engineering services are impacted by com-
petitive tendering. This paper contains important findings regarding the implica-
tions of competitive tendering and is relevant to all clients procuring consulting
engineering services competitively.

24.2 Literature Review

The literature review was conducted in a semi-systematic manner and focused spe-
cifically on identifying literature that sought to address the objectives of this paper
(i.e. (1) to examine how competitive tendering has impacted pricing of consulting
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engineering services and (2) to examine the impact of competitive tendering on the
provision of consulting engineering services). Relevant literature was reviewed in
three broad areas, namely,

» Competitive tendering processes to procure consulting engineering services
* Pricing consulting engineering services
* Implications of inappropriate fees on consulting engineering services

24.2.1 Competitive Tendering to Procure Consulting
Engineering Services

Competitive tendering is used to procure consulting engineering services in various
countries. Although, there are different approaches to implement competitive ten-
dering, the main purpose is to ensure that clients obtain value for money during the
procurement process (Kavanagh, 2016).

In the USA, many have criticised competitive tendering asserting that it is detri-
mental to the engineering profession and quality of professional services (Parks &
McBride, 1987; ACEC, 2002). ACEC (2002) asserted that instead of procuring built
environment consultants using competitive bidding, clients should rather utilise an
approach that includes Quality-Based Selection (QBS). QBS ensures that a compe-
tent tenderer can be selected using objective evaluation criteria that are pertinent to
the project (ACEC, 2002). Competence of built environment consultants was identi-
fied as one of the main factors responsible for project success during the procure-
ment of consultants in the Swedish construction industry (Sporrong, 2011).
Feldmann et al. (2008) posited that while it is important to appoint a competent
tenderer that is best qualified for the job, tenderers should also be appointed at the
“best” possible fee.

In the South African context, procurement of consulting engineering services for
majority of public sector projects is conducted using competitive tendering.
Competitive tendering in South Africa generally has a two-stage evaluation process
that assesses quality and the financial offer, respectively. The quality component
screens tenderers against a set of objective quality requirements relevant to the proj-
ect. Tenderers that fail to achieve the minimum quality score are not considered
further during the second evaluation stage. Tenderers that satisfy the quality criteria
are evaluated during the second evaluation stage; however, scores for quality are not
utilised further in the evaluation process. The second stage of the evaluation process
assesses price and preference where price contributes 80% to the total score if the
fee value is less than R50 million (approximately EUR 2.8 million), or 90% if the
fee is greater than R50 million. The preference component contributes either 10%
or 20% depending on the fee value. Preference relates directly to tenderers’ Broad-
Based Black Economic Empowerment (BBBEE) rating which is a measure of the
racial and gender transformation within an organisation. In most cases, consulting



346 N. Govender et al.

engineering projects in South Africa are awarded based on the lowest fee tendered,
with quality comprising a small component in the evaluation process.

24.2.2 Pricing Consulting Engineering Services

Professional fees are remuneration provided by clients to consulting engineers for
professional services, that are usually executed as part of a professional services
contract. The capital costs of construction projects are generally used as a bench-
mark for consulting engineering fees throughout the world. Publication of historical
fees to guide clients and consultants on the suitability of professional fees is also a
global norm. In the United Kingdom (UK), historical data (usually not more than
2 years old) from different types of construction projects are utilised to develop
typical curves illustrating professional fees for various types of construction proj-
ects. A similar approach of publishing median fee curves is used in the USA.

Historically, in South Africa, professional fees for consulting engineers have
been gazetted and regulated by the Engineering Council of South Africa (ECSA)
through the publication of recommended fees (in the form of a fee guideline). The
professional fee is guided by the capital value of the project; however, several fac-
tors, such as level of effort, risk, liability and complexity, may also influence the
professional fee (ECSA, 2011).

In 2016, the Competition Commission ruled that the publication of fee guide-
lines restrict competition and result in indirect price fixing (CCSA, 2016). The find-
ing by the Competition Commission in South Africa followed international best
practice whereby many other countries moved away from utilising published/rec-
ommended fees to price professional services. Notwithstanding the Competition
Commission’s ruling, at the beginning of 2021, the ECSA began publishing fee
guidelines again. Nonetheless, the ruling to suspend fee scales in the South African
context is relatively recent when compared to events internationally.

Internationally the abolishment of fee scales and the introduction of competitive
bidding facilitated increased competition and declining fees. In the USA, competi-
tive bidding for professional services was introduced in the 1970s.While the phe-
nomenon of abolishing fee scales began in Europe in the 1980s with the United
Kingdom (UK) being one of the first countries to abolish fee scales. Thereafter, the
rest of Europe gradually followed, after a report commissioned by the European
Union (EU) entitled Report on Competition in Professional Services (2004) found
that recommended prices negatively influenced competition. The report emphasised
that professional fee scales of various professions (including architects, other built
environment professionals and lawyers) were already abolished in regions, such as
Finland, France and the UK. Germany was one of the last remaining countries in the
EU opposed to abolishing fee scales for built environment professionals (particu-
larly architects and engineers). However, in 2019, a court judgement by the Court of
Justice of the European Union (CJEU) rejected contentions by the German govern-
ment that fee scales protect consumers and safeguard quality (Laryea et al., 2021).
The CJEU found that the use of fee scales in Germany was contradictory to EU law.
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The abolishment of fee scales in South Africa has compelled consulting engi-
neers to develop a system to price their services. Pricing of services is often impre-
cise and not an exact science (Sturts & Griffis, 2005). Many factors, such as project
complexity, resources and level of effort, are considered when determining an
appropriate professional fee. The competitive climate in the South African consult-
ing engineering industry has necessitated fees to be reduced for consultants to stand
a better chance of being appointed on projects. The downward pressure of competi-
tion on prices in the construction industry has been highlighted by several authors
(Hoxley 2000; Sturts & Griffis, 2005; Quapp & Holschemacher, 2021; Laryea et al.,
2021). However, the literature provides no in-depth examination of how and to what
extent pricing within organisations is affected by competitive tendering. This is
important, particularly in the South African context, where historically consulting
engineers have been reliant on a fee scale to determine remuneration for their ser-
vices. In the absence of fee scales, how are professional fees in the consulting engi-
neering industry being determined considering the high level of competition on
projects?

24.2.3 Implications of Inappropriate Fees on Consulting
Engineering Services

Several studies in the international construction literature have asserted that low
fees are problematic and adversely impact the quality of professional services in the
construction industry (Andi & Minato, 2003; Gransberg et al., 2007; Ali & Au-Yong,
2021). Quapp and Holschemacher (2021) posited that an appropriate level of fee is
required to maintain a level of quality for built environment professional services
and ensure that constructed infrastructure is safe for public use. In the South African
context, a handful of studies also suggested that low fees arising from competitive
tendering negatively influence the quality of professional services in the consulting
engineering industry (Liebenberg and Wilson, 2011; Malinda, 2017; Moos, 2017;
Okonkwo & Wium, 2018; Akampurira & Windapo, 2018). On the other hand, there
are a few studies that found that low fees arising from competitive tendering do not
adversely affect the quality of professional services. The studies concluded that
other factors apart from fees influence the quality of professional services (Hoxley,
2000; Lam, 2012; Laryea et al., 2021).

It is evident that most studies in the construction literature either accepted or
rejected the notion that the level of professional fee may influence the quality of
services rendered. However, studies on this topic were superficial and did not con-
duct in-depth examinations of how and to what extent services provided by consult-
ing engineering organisations were impacted by the level of fees. This is an important
topic that must be addressed since the quality of consulting engineering services has
a direct impact on project outcomes.
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24.3 Research Methodology

A preliminary investigation using a single-stage methodology that included a sur-
vey research strategy was conducted in this study. Surveys enable many participants
to provide feedback in a timely and cost-effective manner (Fellows & Liu, 2015;
Wilkinson & Birmingham, 2003). Surveys also allow researchers to influence the
direction of information gathered in accordance with themes in a study (Wilkinson
& Birmingham, 2003; Cohen et al., 2007; Saunders et al., 2019). An online survey
containing 11 open-ended questions was designed. The survey was distributed to
registered professionals in the South African consulting engineering industry in
December 2021. Respondents needed to satisfy the following criteria to participate
in this study:

* Hold a professional registration with the ECSA as either a Professional Engineer
or Professional Engineering Technologist

¢ Be actively working in the consulting engineering industry

e Have a minimum of 10 years’ experience in the consulting engineering sector

Questions in the survey addressed pricing and services provided by consulting
engineering organisations. Open-ended questions were used to elicit rich in-depth
feedback which was critical to develop a detailed understanding about how com-
petitive tendering impacted pricing and services provided by consulting engineers.
Qualitative data were collected from the surveys and analysed using thematic analy-
sis. Categories/themes that were used during the development of questions in the
survey and analysis of data emerged from the literature. The key themes are pro-
vided below:

* Factors considered when determining professional fees

¢ Pricing strategy adopted for competitive tendering

e Balancing competitive fees with providing quality services

e The impact of competitive tendering on professional services

e The impact of competitive tendering on training of staff

e Theimpact of competitive tendering on design optimisation and value engineering
e The impact of competitive tendering on the engineering profession
 Interventions to prevent unsustainably low professional fees

Since this was a preliminary investigation, the online survey was structured as a
“one-way” data collection instrument whereby participants answered questions
using an online form. Participants took an average of 10 minutes to complete
the survey.

The survey was intended to provide a snapshot of the perceptions of consulting
engineers in South Africa. However, the main disadvantage of using a “one-way”
approach was the inability of the researchers to elicit additional information by ask-
ing follow-up questions. This may have inadvertently introduced bias into the study,
especially in cases where built environment professionals were protecting their
vested interests related to professional fees.
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24.3.1 Profile of Participants

A total of 15 participants from the researchers’ professional network in the South
African consulting engineering industry were contacted to participate in this study.
A response rate of 67% was achieved with ten participants responding to the survey.
The participants all had more than 10 years’ experience in consulting engineering
with 80% of participants having more than 20 years’ experience. All participants in
this study were in management level positions in consulting engineering companies.
Furthermore, all the participants were either professionally registered engineers or
engineering technologists with the ECSA.

24.4 Results

24.4.1 Factors Considered When Determining
Professional Fees

Participants in this study mentioned that a range of factors are considered when
determining professional fees. The two common factors included project complex-
ity and resources required on a project. Resources on a project are usually deter-
mined by the complexity and scope of works. In the engineering industry, the main
resource used on projects are human resources (i.e. technical personnel that execute
projects). Other factors that were mentioned included project location, current
workload, the client and competition.

When determining the level of professional fee tendered, most of the participants
mentioned that they still use the ECSA fee scale but combine it with a time and cost-
based method. This involves calculating costs for resources based on the estimated
time that they will spend on projects and their charge out rate. Only 30% of partici-
pants mentioned that they solely used the ECSA fee scale without checking it
against the time and cost-based method.

24.4.2 Pricing Strategy Adopted for Competitive Tendering

Most of the participants mentioned that the fierce level of competition during ten-
dering resulted in a “high” level of discounting of professional fees (compared to
gazetted fees). Several participants mentioned that they looked for ways to reduce
their price since most clients in South Africa appoint based on the lowest fee ten-
dered. A “high” level of discounting is particularly prevalent on projects where
there are many tenderers. However, one participant mentioned that their pricing
strategy was not influenced by competitive tendering as they operated in a niche
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market. Another participant stated that pricing strategies were irrelevant if appoint-
ments were made via framework agreements.

Most of the participants (70%) mentioned that they changed their pricing strat-
egy depending on the client where they were submitting tenders. Some factors influ-
enced by the client that determined pricing strategies among consultants include
project delays, change in scope, effort, frequency of client payments and whether
the client is “informed” and technically competent. One of the participants men-
tioned that fees were generally higher for uninformed clients, to account for addi-
tional work and time that may be required on the project. Another participant
mentioned that some private clients do not accept the fees gazetted by the ECSA;
therefore, a more competitive strategy using a rates-based approach is utilised for
those clients. A rates-based approach entails submitting hourly rates for resources
on a tender and allocating those resources with their respective time allocation for
tasks that are required to complete the scope of work. On the other hand, 30% of
participants mentioned that their pricing strategy does not differ according to the
type of client.

24.4.3 Balancing Competitive Fees with Providing
Quality Services

All participants mentioned that regardless of the professional fee tendered, they try
to render a quality service. This is achieved by undertaking due diligence, proper
review and quality management prior to submission of deliverables. One of the
participants mentioned that staff in their organisation were aware of low-profit mar-
gins on projects but still went the “extra mile”” without additional remuneration, to
ensure that good quality services were rendered. Another participant mentioned that
time spent on projects by senior resources in their organisation was reduced to mini-
mise project costs and ensure projects could be executed with lower budgets.

24.4.4 The Impact of Competitive Tendering
on Professional Services

Participants in this study mentioned that time spent on tasks was minimised due to
reduced fees as a result of competitive tendering. A few participants mentioned that
the time spent on projects by senior staff was reduced and junior resources were
provided opportunities for “day to day” execution of the project and other tasks
previously done by senior resources. A few participants also mentioned that meet-
ings were one of the services reduced to accommodate lower fees on projects. One
of the participants mentioned detailed options analysis and life cycle costing were
not undertaken if fees were “insufficient”.
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24.4.5 The Impact of Competitive Tendering on Training
of Staff

There were contrasting views from participants on whether competitive tendering
adversely impacted training of staff on projects. Some participants mentioned that
training still needed to be undertaken despite the fee tendered and that the level of
fees had no effect on training provided to staff. However, other participants men-
tioned that fee discounting had a big impact on training. Participants mentioned that
because project budgets were reduced, there was often little room for training on
projects. A few participants mentioned that because time allocated to activities were
reduced, it was often difficult for training to occur. Another participant mentioned
that junior resources were often forced to deal with situations that they were ill
equipped to handle, since time spent on projects by senior resources was limited. On
the other hand, one participant mentioned that despite difficulties to provide training
on projects due to reduced fees, training was still undertaken and cross-subsidised
with other more profitable projects.

24.4.6 The Impact of Competitive Tendering on Design
Optimisation and Value Engineering

Most of the participants (80%) mentioned that discounted fees negatively influ-
enced design optimisation and value engineering. Participants stated that when
reduced fees were tendered, there was often no provision in the budget for design
optimisation or value engineering, which resulted in standard designs/design prin-
ciples being used. Another participant stated that instead of undertaking in-depth
design optimisation, a technically feasible solution was usually sought on projects
without exploring design options in detail. This approach takes cognisance of the
reduced time that can be spent on design optimisation/value engineering due to a
reduced fee. Another participant mentioned that on some projects, design optimisa-
tion/value engineering was part of the ongoing review process with the client and
was not necessarily affected by the fee tendered.

24.4.7 The Impact of Competitive Tendering
on the Engineering Profession

Majority of participants asserted that competitive tendering was detrimental to the
engineering profession. Many of the participants expressed the view that to some
extent, quality on projects was sacrificed because of competitive tendering. However,
most of the participants (80%) also mentioned that a “higher” fee will not necessar-
ily guarantee a better level of service. Two participants asserted that higher fees
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would allow more time to conduct thorough investigation and review; therefore, it
will guarantee a better quality of service.

A few participants mentioned the need for value for money when procuring pro-
fessional services; however, one participant stated that “value for money does not
equate to the lowest cost”. One of the participants opposing the view that competi-
tive tendering is detrimental to the engineering industry asserted that Quality Cost-
Based Selection is a global practice of procuring engineering services and ensures
value for money.

24.4.8 Interventions to Prevent Unsustainably Low
Professional Fees

A few participants mentioned that clients should consider setting minimum fees (or
institute maximum discounts where fee scales are still used) on projects to address
the issue of unsustainably low fees in the industry. Some participants mentioned
that clients need to be more knowledgeable and understand “reasonable” costs for a
particular service. Thereafter, they can assess risks associated with tenderers that
have submitted prices which do not seem reasonable.

24.5 Discussion

This paper explored the impact of competitive tendering on pricing and services
provided by consulting engineering organisations in South Africa. Literature on this
topic asserted that competitive tendering has placed downward pressure on prices;
however, an in-depth investigation on how and to what extent competitive tendering
affects pricing of services in consulting engineering organisations was not con-
ducted. This paper adds to the body of knowledge by explaining how consulting
engineering organisations price their services during competitive tenders. This
study supports the notion that there is downward pressure on prices due to competi-
tive tendering.

24.5.1 Factors Considered When Determining
Professional Fees

When determining fees, two main considerations by consulting engineering organ-
isations include project complexity and resources required on projects. This study
found that professional fee scales are still being utilised in South Africa to deter-
mine professional fees, despite their publication being suspended by the Competition
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Commission of South Africa in 2016. However, many participants mentioned that
fees derived from fee scales are checked using a time-based approach which is
dependent on estimated time spent on projects by resources and hourly charge
out rates.

24.5.2 Pricing Strategy Adopted for Competitive Tendering

Offering large discounts on gazetted fees was a common practice when tendering
for projects and is intensified when there are many bidders tendering for the same
project. Consulting engineering organisations also admitted to changing their pric-
ing strategy according to the client for which they are tendering. Fees are increased
when tendering for clients that lack technical knowledge or expertise. This is an
important finding in the South African context, as many public sector clients lack
technical expertise to roll out projects. Companies working for these clients may
need to expend more effort to deliver projects while still working at a competitive
fee. Therefore, experienced firms inevitably put a premium on their fees when ten-
dering for these clients.

24.5.3 Impact of Fees on Consulting Engineering Services

Research literature on the effect of fees on the quality of professional services is
also divided. Some papers found that “low” fees negatively influence the quality of
professional services, while others rejected this notion. Nonetheless, the literature
did not clearly explain how “low” fees affects the provision of services in the con-
sulting engineering industry. Reduction of time spent on projects by resources is
one of the common impacts on professional services due to low fees. There is also
an emerging trend of allowing more junior resources to operate on projects and
undertake tasks previously executed by senior resources. This may have implica-
tions on the quality of services provided; however, participants in this study men-
tioned that they try to deliver quality services regardless of the level of fees on a
project. Assessing the quality of professional services was not specifically part of
this study and is an important area that should be investigated in future studies on
this topic. Design optimisation and value engineering are key services that are either
reduced or completely omitted from projects. This has adverse implications on life
cycle costs and value for money of the constructed project/asset. Other services that
are deemed extra or “value adds” are also reduced or not undertaken by consulting
engineering organisations to accommodate reduced fees.

Another implication of reduced fees is the difficulty to provide training on proj-
ects. Consultants recognised the importance of training and mentorship of staff;
however, they indicated that training was more difficult when fees were reduced as
additional time and resources cannot be expended on projects. Inadequate training
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of junior staff may have long-term implications on the consulting engineering
industry and result in inadequate technical capacity being developed locally for
future large-scale infrastructure projects in South Africa.

24.5.4 Interventions to Prevent Unsustainably Low
Professional Fees

Majority of participants recognised the need for competition and value for money
when procuring consulting engineering services but asserted that competitive ten-
dering was detrimental to the consulting engineering industry particularly in rela-
tion to quality of services. This was a surprising finding since all the participants
previously mentioned that they tried to ensure quality services regardless of the
professional fee. Instating a stipulated minimum fee on projects was suggested by
participants as a mechanism to prevent unsustainably low fees being tendered.

24.5.5 Relevance of the Study and Limitations

This paper contains information that is relevant to clients using competitive tender-
ing to procure consulting engineering services. While competition may be benefi-
cial and result in reduced fees being tendered, there may be implications on the
service provided and value for money of the constructed asset in the long term.

The main limitation of the study was the small sample size and “one way” nature
of the online survey which may have resulted in bias of professionals seeking to
protect their vested interests. Future studies in this area should either try to increase
the sample of participants to get a broader range of views or conduct in-depth inter-
views which will allow the interviewer to systematically interrogate feedback pro-
vided by participants.

24.6 Conclusion

Competitive tendering has compelled consulting engineering organisations to
reduce their professional fees. Some of the major findings in this study are high-
lighted below:

e In the South African context, many participants are still reliant on fee scales
published by the ECSA to determine professional fees on projects. However, two
common factors considered when determining professional fees are project com-
plexity and resources required on a project.
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e The competitive nature of the consulting engineering industry in South Africa
has led to fierce discounting of fees among consultants.

e All participants mentioned trying to render a quality service regardless of the
professional fee tendered. One of the main impacts on projects with reduced fees
is the use of junior resources to undertake most tasks, while senior resources tend
to spend less time on projects.

* Most participants in this study mentioned that discounted fees negatively influ-
ence provision of design optimisation and value engineering services.

 Participants in this study asserted that competitive tendering was detrimental to
the engineering profession with a few participants mentioning that clients should
consider setting minimum fees (or institute maximum discounts where fee scales
are still used) on projects to address unsustainably low fees in the industry.

Client bodies procuring consulting engineering services in South Africa should
assess the implications of competitive tendering and determine if the current
approach is appropriate to ensure successful project outcomes. This will assist in
successfully attaining the SDGs.

24.7 Future Research Directions

Construction researchers in South Africa should consider the following areas for
future research:

1. An in-depth study critically investigating the impact of fees and other factors on
the quality of professional services.

2. Aninvestigation of how professional councils in South Africa, such as the ECSA,
set their professional fees. This should include determination of profit and over-
head percentages used by the ECSA and comparison with international norms.

3. Aninvestigation to fundamentally clarify how pricing of consulting engineering
services should be conducted from “first principles”. The investigation should
address benchmarking of professional fees in the absence of professional
fee scales.
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Chapter 25 )
Managing Procurement Ability Over Time: <o
A Study of Swedish Construction Clients

Stefan Olander and Henrik Szentes

Abstract There is a challenge in the construction sector to transfer knowledge
from individuals and teams to the rest of the organisation. For a construction client
organisation, one such challenge could be to transfer knowledge from procurement
individuals and teams to the organisation as a whole. This study is focused on the
procurement functions within construction client organisations, with the purpose of
increasing the understanding of how these organisations manage their procurement
ability over time. Based on an interview study, the strategies and actions taken
within the different organisations represented are analysed and discussed. Empirical
material was collected through a series of in-depth interviews and then analysed
using a thematic approach and compared with previous research including the
maturity model. Although there are examples of integration activities from the inter-
views, there is a lack of clear visible strategy of how to integrate procurement pro-
cess in a learning perspective for both the procurement process in itself as well as
for the whole construction project management process. More research is needed to
increase the understanding of procurement as a value-adding process and how
knowledge sharing and knowledge transfer can increase the learning concept in
relation to procurement in construction.
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25.1 Introduction

Recent years, procurement strategies have gained increasingly more attention in
construction management literature, including research recognising the need for
analysing strategies over time. For instance, Boyd and Chinyio (2006) define con-
struction procurement as the framework within which a construction project is
acquired, or obtained, and that the client organisation is the main actor in the pro-
cess setting the requisites for this framework. Thus, construction procurement can
be viewed as the strategic process of how contracts for construction work is created,
managed and fulfilled (Hughes et al., 2015). Hartmann et al. (2008) add that con-
struction client organisations have an essential impact on implementing innovation
and change in the construction sector, which is a necessity in order to meet goals
concerning challenges, such as resource efficiency, sustainable development and
climate change. In order to contribute to the UN Agenda 2030 global sustainability
goals, the construction industry needs to design and build future buildings in accor-
dance with the global goals. One of several ways to achieve this is to make con-
scious choices in the procurement processes. However, there is then a need for
construction clients to reflect upon their procurement ability, and how to develop
this ability over time.

Toumela-Pykkonen et al. (2015) highlight that the business environment for the
construction sector is changing and that there is an increasing need to review pro-
curement practices in order to achieve optimal value while minimising the use of
resources. This is in line with UN target 12.2 sustainable management and use of
natural resources and 7.3 double the improvement in energy efficiency. Furthermore,
there is an ongoing shift to more partner-based approaches as well as more digital
solutions to project delivery and project implementation (Ruparathna & Hewage,
2015). More partner-based approaches can help knowledge sharing and coopera-
tion to better meet future demands in the construction industry, much in line with
UN target 17.6 knowledge sharing and cooperation for access to science, technol-
ogy and innovation. Thus, there is a need for client organisation to reflect upon
their procurement ability also with respect to the changing business environment
within the construction sector. Accordingly, Tassabehji and Moorhouse (2008)
argue that there needs to be a shift in the procurement official’s skill set. The tradi-
tional view of procurement as purely a set of administrative procedures needs to
shift into a recognised skill set that adds value to the organisation, i.e. a construc-
tion client. However, the achievement of such a development, according to
Tassabehji and Moorhouse (2008), requires a strong organisational support and a
shift in how the role of procurement is viewed internally. Thus, there are several
reasons for construction clients to address aspects related to competence as well as
attitudes, in order to create a continuous learning about procurement within their
organisation.

In his seminal work, Senge (1990) discussed learning organisations as those who
develop their capacity in order to achieve desired results by nurturing a collective
learning environment. On the one hand, the aspect of procurement abilities can be
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seen as a mean to achieve the learning aspirations within a construction client
organisation, but on the other hand, it can also be viewed as an organisational unit
in itself. Garvin (1993) defines a learning organisation as one that is skilled at creat-
ing, acquiring and transferring knowledge as well as at reflecting on new knowledge
and insights in order to modify the organisations behaviour. Similarly, Hazlett et al.
(2008) state that ongoing training on the subject of procurement is an effective
method of sharing knowledge within an organisation. However, Hazlett et al. (2008)
also argue that the key barriers for sharing procurement knowledge within an organ-
isation are lack of time, resources and training. Senge (1990) proposes five compo-
nents when addressing the concept of learning organisations: personal mastery,
mental models, building a shared vision, team learning and systems thinking —
described as the fifth discipline that joins the other four components together. The
viewpoint being that without systems thinking there is not a sufficient base for
learning. In addition, Goh and Richards (1997) specify that for organisational learn-
ing to be effective, structured managerial practices are a necessity, such as clarity of
purpose and mission; leadership, commitment and empowerment; experimentation
and rewards; transfer of knowledge; and teamwork and group problem solving.

When discussing learning in construction, the project-based nature of operations
needs to be taken into account. Accordingly, Manley and Chen (2017) emphasise
the importance of understanding the value of learning procedures for achieving an
effective governance and performance. Furthermore, Chinowski et al. (2007) high-
light that research in construction has often been focused on production aspects,
whereas research on organisational development in construction is much scarcer. In
their extensive study covering literature review, survey and case studies, they pres-
ent and discuss several characteristics for learning organisations and argue that
effective learning requires proactivity and that a reactive learning philosophy is not
sufficient. There is thus an elevated challenge in the construction sector to transfer
knowledge from individuals and teams to the rest of the organisation, which is also
highlighted by Senaratne and Malewana (2011). For a construction client organisa-
tion, one such challenge could be to transfer knowledge from procurement individu-
als and teams to the organisation as a whole. Hence, there is a relevant need for
construction client organisations to treat their procurement processes as a learning
process.

This study is focused on the procurement functions within house-building client
organisations, with the purpose of increasing the understanding of how these organ-
isations manage their procurement ability over time. Based on an interview study,
the strategies and actions taken within the different organisations represented are
analysed and discussed, using the maturity model (Chinowski et al., 2007), as the
main structure. The maturity model consists of five characteristics for a learning
organisation — leadership, process and infrastructure, communication, education
and culture. Level O represents the starting point and Level 5 represents maturity in
all characteristics.
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25.2 Empirical Study

25.2.1 Method

Empirical material was collected through a series of in-depth interviews, and then
analysed using a thematic approach and compared with previous research including
the maturity model by Chinowski et al. (2007).

25.2.1.1 Sample

The study comprises seven in-depth semi-structured interviews with client organ-
isation representatives involved in house building in Sweden, as presented in
Table 25.1. The sample was purposive (Silverman, 2006), with the aim to study
client organisations ranging from small to large, private and public, and housing and
commercial buildings.

Client organisation 1 Housing developer who owns both rental apartments and
selling condominiums. They manage about 500,000 square metres of gross floor
area and have a yearly turnover of about 350 million EURO.

Client organisation 2 A regional public client organisation responsible for manag-
ing and developing public buildings, such as hospitals and office buildings. They
manage about one million square metres of gross floor area.

Client organisation 3 A local commercial real estate owner who develops and
manages office buildings. They manage about 2.1 million square metres of gross
floor area and have a yearly turnover of about 300 million EURO.

Client organisation 4 A local housing company that owns and develops student
housing. They manage 200,000 square metres of gross floor area and have a yearly
turnover of about 30 million EURO.

Client organisation 5 A nationwide housing developer who develops and sells
condominiums. They have a yearly turnover of about 100 million EURO.

Client organisation 6 A publicly owned municipal housing company that owns
rental apartments. They manage about 700,000 square metres of gross floor area and
have a yearly turnover of about 100 million EURO.

Client organisation 7 A nationwide commercial real estate owner who develops
and manages office buildings. They manage about 2.3 million square metres of
gross floor area and have a yearly turnover of about 800 million EURO.
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25.2.1.2 Interview Set-Up

To enable a combination of stringency and catching specifically interesting topics,
each interview was recorded and transcribed, and field notes were also taken during
interviews (Kvale, 1997; Alvesson, 2011). The interviews were based on the follow-
ing main questions, although the in-depth characteristic of the interviews allowed
flexibility and discussions:

e What is a successful procurement according to you?

e Which are the key factors that affect procurement ability over time?

* How is knowledge transferred between the procurement process and project
execution?

* How is knowledge and experience from one procurement process transferred to
other procurements/projects?

*  What are your organisation’s aims concerning the development of procurement
ability over time?

* How is your organisation’s procurement ability over time evaluated?

*  Which are the main drivers for developing the procurement ability over time?

25.2.1.3 Analysis

To begin with, each interview question was analysed separately using a thematic
approach to find interesting patterns, similarities and differences. The thematic
approach led to some insights regarding specific actions taken by the different
organisations. In addition, the model by Chinowski et al. (2007) was applied to bet-
ter grasp the maturity level of procurement activities and to enable an analysis of
characteristics that fit with each maturity level.

25.2.2 Findings

The initial thematic analyses of the answers to each interview questions entailed
several interesting findings, as described in the coming subsections.

25.2.2.1 Successful Results of a Procurement

One main aspect raised by respondents concerning a successful procurement out-
come is that it should result in a good business opportunity for all parties involved.
However, there was also a narrow client-oriented perspective in the sense that a
successful procurement is when all the requirements stated by the client are fulfilled
in the end. Some requirements relate clearly to an economic perspective, such as
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price, while others stressed that parameters such as quality, environment, health and
safety, and social aspects also are important evaluation criteria. Another view raised,
is that a successful procurement process should result in a clear contract that can
easily be understood by all project participants, especially the project manager who
will carry out project implementation. A central issue is to clearly address and sort
out unclarities and thus minimise resources used for contract interpretations during
the project execution.

Moreover, the interviews also highlighted a distinction between a good procure-
ment process, and a good procurement outcome. The result of a procurement out-
come is in general described as more important than the procurement process as
such, although the procurement process is also viewed as relevant. Good prepara-
tions from the client are essential to ensure that demands on project delivery is met.
When project deliveries are insufficient, it is often the result of inadequate tender
documents that failed to address relevant demands concerning, for example, user
and client requirements, including operation and maintenance. Similarly, a prereq-
uisite for a successful procurement process, raised by many respondents, was the
ability to clearly describe the expected outcome of the construction project.
Otherwise, there is a risk not only that the end result is not in line with the require-
ments but also that the procurement process becomes problematic and resource
demanding.

A proactive approach to the procurement process was another issue raised as a
success factor. However, the bottom line is often to obtain the best contractor as
possible to the lowest possible price, as stated by one respondent. Thus, there is an
issue regarding optimisation and best ration between price and quality of delivery.
Partnering and collaborative approaches were mentioned as a potential way to
increase the opportunities of obtaining best value. However, there were diverse
opinions about the merits of partnering. Some respondents saw little or no use of
engaging in partnering concepts, while others viewed partnering as a mean to get
the contractors more engaged in sharing their experiences, and thus likely obtain a
better outcome of the project. The ability to cooperate was by many viewed as a
factor that increased the opportunity of both a successful procurement process and
a successful project delivery. The focus on project outcomes was a clear common
denominator with the respondents regardless of the contract form and whether it
engaged partnering concepts or not.

There were also some thoughts raised about failed procurement processes, which
one respondent described as a procurement process that does not result in a con-
tract., e.g. due to lack of tenders and/or to expensive tenders. Another aspect men-
tioned was that tender documents were poorly executed in describing expected
project outcomes, resulting in conflicts during construction on-site based on unclear
agreements. Furthermore, this might even result in a finalised building that does not
meet expectations and requirements. Poor preparations and insufficient client com-
petence are issues that might negatively affect the execution of a construction pro-
curement process.
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25.2.2.2 Key Factors Affecting the Procurement Ability Over Time

The level of knowledge with the client project managers is very relevant since they
are often the ones who gather and define the fundamental prerequisites for the
expected outcome of the construction project, and thus lay out the framework for
the procurement process to come. Although client project managers are crucial for
each project, it was emphasised that competence and engagement in the procure-
ment process within the client organisation in general are essential in order to
develop the procurement ability over time. Knowledge management and follow-up
of earlier project outcomes were regarded as an important process in order to
develop the procurement ability. Not at least, when obtaining knowledge from a
contractor perspective on how they have experienced the procurement process, proj-
ect implementation and outcomes. Since construction on-site, often goes on for sev-
eral years, it is equally important with feedback between contractor and client
during this time in order to acknowledge aspects that might have been missed in the
contract and in the tender documents

Property management and the future use of the finished building are another
important aspect to consider when evaluating the procurement ability. Taking a user
perspective early on increases the chance of achieving a functional building.
However, there were only a few of the respondents that raised this as an important
issue. One respondent, however, who was a developer of dwellings for open sale,
raised the user perspective as very important since it affected marketing and sales.

25.2.2.3 Knowledge Transfer Between the Procurement Process
and the Project Execution

There was a consensus among the respondents that, when possible, it is important
to involve the coming construction project manager in the procurement process in
general and when producing the tender documents in particular. There is often an
ambition to keep the same construction project manager from the acquisition of land
all the way to the finished construction project. This will ensure a continuity
throughout the construction process and both specific and tacit knowledge about
decisions taken and why. It is also important that there is a support by the procure-
ment officials to the construction project manager in order to ensure that the differ-
ent intentions of the procurement are clearly understood by both parties. For the
business deal to be as good as possible there is a need for cooperation between the
procurement officials and the construction project management.

25.2.2.4 Knowledge Transfer Between Procurement Processes
of Different Projects

Some of the respondents, in the larger client organisations, highlight that they have
a central procurement organisation that supports the procurement process when pro-
ducing tender documents and managing contracts. They also support following up
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process about the outcomes of the procurement processes. There are also examples
of internal training within the client organisation to share experiences and to develop
procurement abilities. However, the knowledge transfer process is often informal
and seldom documented. One respondent raised the notion that there probably is a
need for more formal processes concerning the transfer of knowledge between pro-
curement processes for different projects. Some respondents argued that there is an
individual responsibility to learn and increase their own abilities.

Some respondent organisations work with standardised templates and docu-
ments to support the procurement process. However, there are drawbacks because
of the variety of characteristics between different construction projects. The stan-
dardised templates and documents may be more problematic than helpful in the way
that project-specific aspects may be overlooked or due to demands being stated that
are not necessary or relevant, out of which both problems can have a cost driving
effect. If standardised templates and documents are used, it is important that they
are flexible and that they can easily be adapted to the circumstances of a specific
project. Further, they need to undergo continuous revisions and improvements to
stay relevant. Instead of standardised templates and documents, some respondents
worked with standardised guidelines for their procurement process.

Other aspects affecting the ability to share knowledge and experiences between
projects/procurements relate to organisational structure. The more centralised the
organisation, the easier it is to facility share of knowledge, but, on the other hand, a
more centralised management often means that the variety of projects within the scope
is higher. One respondent raised that a distributed responsibility of authority to project
managers may create engagement and ownership. Moreover, an extensive geographi-
cal distribution of the projects is often a hinder for sharing of knowledge. No matter
the structure, it is important that communication channels and forums are defined.

Another important aspect is whether the client is obliged to use a public procure-
ment act (PPA) or not. It was raised that the past performance of contractors was not
possible for public clients to assess, according to PPA. Therefore, it is a challenge
for public clients to build and nurture long-term relations with contractors and other
suppliers. It was highlighted that it is a trade-off between competition and effective
procurement.

25.2.2.5 Aims Concerning the Development of Procurement Ability
Over Time

One respondent indicated that the goals in their procurement process were mea-
sured with different key performance indicators, in relation to minimizing and
avoiding risks in the procurement process, and with a specific focus on sustainabil-
ity. Some of the respondents from public clients raised the issue that goal concern-
ing a correct process from a PPA perspective was a clear goal, both from the
perspective of being a professional and respectful client and from the perspective of
fulfilling public procurement legislation. Although there were no set indicators,
there was an ambition from the public construction clients to find the balance
between fulfilling public procurement regulations and achieving a god business deal.
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Concerning the decision-making process when investing in a new facility, there
needs to be a connection between the cost—benefit analysis and the requirements,
technical as well as administrative, expressed in the tendering briefs. Practical expe-
rience was raised as a relevant aspect when developing the procurement ability over
time, some respondents stated that there was a clear ambition to have the procure-
ment abilities in-house and avoid outsourcing this to external parties. There was a
variety of activities performed to manage and increase the knowledge in the pro-
curement process, thus achieving a higher competence with project managers and
procurement officials. However, none of the respondents had any measurable indi-
cators to evaluate the knowledge management process.

One of the larger clients that have business nationwide stated the importance of
unified procurement processes in the whole organisation. The purpose of these was
that contractors should know how the client operates and manages the procurement
process regardless of where the procurement takes place. Another topic raised was
the concept of cooperation. One way to achieve this is to engage in various partner-
ing concepts; however, the respondents raised that striving for cooperation was
equally important in all projects, partnering or not. Further some raised the issue of
long-term relationships, which increase the opportunity to promote more stan-
dardised procedures and production techniques, thus achieving better control and
unity the delivery process.

25.2.2.6 Evaluation of the Procurement Ability Over Time

Most respondents recognise reoccurring problems in the procurement process and
state that they try to identify these in order to update procurement-related docu-
ments and procedures. In addition, most respondents have procedures for exchang-
ing experiences with their contractors. However, one respondent stated that the
focus was strongly on the economic results and time management of the contract
works when they evaluate their procurement ability, rather than the procurement
process itself. Another respondent gave the view that to follow up a project budget
is indirectly an evaluation of their procurement ability. Some respondents stated that
they do not have any formalised evaluation about their procurement ability, although
informal non-documented evaluation occur. Some respondents argued that procure-
ment ability involves a process of learning by doing and that circumstances always
changes. Something that worked well in one project may not work at all in another.
Although some respondents raised the issue of education and developing the com-
petence as important issues concerning developing their procurement ability.

25.2.2.7 Main Drivers for Developing the Procurement Ability Over Time
Some respondents raised the importance of obtaining the best value for money, i.e.

to get what you pay for. The project results were claimed by many to be the main
driver for how the procurement process is carried out. Mainly to keep the cost down
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without imposing undue economic pressure on the contractor. The contractor needs
to be adequately compensated for demands made concerning time, quality and per-
formance. However, another respondent argued that if a 5—10% saving can be made
in the procurement of each project, this will be a lever effect for the results of the
client organisation as a whole.

Another driver for developing the procurement ability was the challenge of set-
ting clear demands for the construction project, not at least demands concerning
sustainability and climate where functional demands need to be set concerning the
buildings performance and the environmental impact of used materials, in relation
to UN targets. The choice of delivery is crucial, for example, in a design-build con-
tract too detailed demands controlling the delivery might hinder innovation oppor-
tunities, so that some of the advantages with the design-build scheme might be lost,
whereas too flexible demands might miss the bar of achieving sustainable goals. A
strategic perspective on procurement process with carefully thought through and
competent choices throughout the entire tendering process. Competence and profes-
sionalism, both internally in the client organisation and externally in the supply
chain, are important to maintain trustworthiness in the procurement processes.

25.3 Discussion

The five disciplines that Senge (1990) presented are personal mastery, mental mod-
els, building shared visions, team learning and systems thinking. When applying
these to analyse the findings there is a clear emphasis on personal mastery, with a
strong focus on procurement as an individual craftsmanship to master and under-
stand procurement procedures and regulation in order to achieve a cost-effective
procurement process. From a mental perspective, the thinking concerning the pro-
curement is risk aversive, with a focus on decreasing cost and risk for the construc-
tion client organisation rather than focus on best value. This might not be wrong,
since errors made in the procurement process can be costly. However, opportunities
might be overlooked by not focusing on what creates value for the construction
project and the client organisation. There is no clear evidence in the empirical mate-
rial of organisations building shared visions about improving their procurement
ability. There are examples of team learning, mainly from a local perspective within
the procurement officials in close proximity to each other. Albeit the larger nation-
wide organisations exhibit examples of team learning on a higher organisational
level between different procurement teams. However, systems thinking was not
clearly expressed. Furthermore, the empirical material comprises no examples of
learning on an industry level between different client organisations, and there are
only a few examples of reasoning about how to ingrate the procurement process
with other construction project activities.

To analyse the degree of systems thinking, the maturity levels described by
Chinowski et al. (2007) were used, based on the following characteristics of a learn-
ing organisation:
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* Leadership, championing the integration of new knowledge and taking proactive
steps towards a shared vision. Leadership is clearly needed in the construction
industry in general and within construction clients in particular, in order to meet
the challenges that the UN sustainability goals address. In order to change the
mindset, leaders are required to challenge and develop processes and infrastruc-
ture, communication, education and culture.

* Process and infrastructure, managing processes required to manage knowledge
and implement new knowledge in an organisation

e Communication, knowledge sharing towards organisational improvement and
eliminating barriers for communicating experiences

* Education, developing a systematic approach for training and dissemination of
knowledge

e Culture. Receptiveness for new ideas and an openness for change

Based on the abovementioned characteristics of learning organisations and the
typical attributes of the construction sector, Chinowski et al. (2007) define six matu-
rity levels (0-5) in relation to learning.

At level 0, the organisation is at the beginning of transforming to a leaning organ-
isation concept. At level 1, the organisation is establishing the leadership required to
move towards a learning organisation concept. Focus is on the processes and infra-
structure needed to implement knowledge sharing activities. At level 2, the organ-
isation has completed their development of leadership, processes and infrastructure.
The organisation is well on the way towards a clear focus on knowledge sharing and
communication. At level 3, the organisation has completed organisation wide pro-
cesses to support learning and promote a learning culture. Learning is viewed as an
integral part of organisational activities. At level 4, the organisation has almost
reached a full learning organisation maturity. There is a strong focus on learning on
both an organisational as well as an individual level. At level 5, the organisation has
reached full maturity as a learning organisation.

When we applied these levels of maturity to procurement processes within the
studied client organisations, the following results emerge:

* The maturity level for leadership is mainly at level 1 or O since there is no clear
evidence in this study of development of a shared vision within or between con-
struction client organisations in connection to how they reflect upon their pro-
curement process. An optimistic assessment is that one organisation is at level 2.

* From a process and infrastructure perspective, the maturity level can be assessed
as 1 or possibly 2 in few organisations. There are examples of work being done
with a focus on evaluating the procurement ability, because the responsibilities
for this are on an individual level and sometimes on a community level within the
local organisation. From this study, there are a few examples of developing pro-
cesses and infrastructure on a higher organisational level.

e From an educational viewpoint, the maturity level is 1 because much focus is on
individual training, not so much on reflections about how procurement processes
affect the organisation as a whole. Procurement is mainly focused on processes
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and infrastructure in order to avoid mistakes and minimise risks in relation to the
client organisation in general and to the construction project in particular.

e From a communication perspective, the maturity level can be assessed as a 1 or
2. There are examples from some of the larger client organisations, particularly
those that have projects nationwide, of organisational knowledge sharing.
Procurement processes were evaluated over time, which resulted in organisa-
tional guidelines of how to conduct procurement processes. In the smaller client
organisations, the individual focus was more apparent. Most evaluations made
about the procurement process was on procedural aspect, and some even raised
uniqueness as a problem. However, there was also expressed view that circum-
stances change between projects so it is more learning by doing, which in the
model developed by Chinowski et al. (2007) would be an example of level 0.

e From a culture perspective, the maturity level can be assessed to 0 or may be 1.
There is not much evidence on viewing procurement as a value adding process in
the implementation of construction projects, although some respondents
expressed best value as a driver for developing their procurement ability.
However, the examples mentioned focused mainly on cost reduction and not
about added value. Rather the main driver was on risk reduction by focusing on
setting clear demands in tender documents. However, there are indications that
there is a cultural change ongoing with a potential shift to level 2 and may be
level 3.

25.4 Conclusion

This study represents an initial and preliminary reflection on how client organisa-
tions view and work with their procurement ability over time. The main conclusion
is that procurement is mainly seen as a procedural activity which focuses on risk and
cost reduction rather than potential in adding value to the organisation. This mindset
might be a barrier when dealing with challenges concerning sustainability, environ-
mental impact and climate change. A shift from cost reduction to a value perspec-
tive (where one important value in the future is to manage the UN sustainability
goals and targets) is necessary. Here the procurement process is an important pro-
cess in order to translate these values into demands in tender documents and
contracts.

Furthermore, this study presents arguments that many client organisations view
procurement as a support function rather than a core project activity. Thus, the pro-
curement process is not fully integrated in the main construction project manage-
ment processes. Although there are examples of integration from the interviews,
there is a lack of clear visible strategy of how to integrate procurement process in a
learning perspective for both the procurement process in itself as well as for the
whole construction project management process. More research is needed to
increase the understanding of how procurement can act as a value-adding process
and how knowledge sharing and knowledge transfer can increase the learning
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concept in relation to procurement in construction. Further research may include a
broad survey based on the maturity model by Chinowski et al. (2007) in order to
achieve a more certain view of the situation in the construction sector in general,
and also to better understand how an improved procurement process can contribute
to the implementation of UN sustainable development goals.
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