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PREFACE

It is our pleasure to welcome you to Malmö and Copenhagen for the 11th Nordic Conference
on Construction Economics and Organisation.
When we commenced with the planning of the conference, it was during the first wave of the
COVID-19 pandemic. Consequently, what was supposed to be a big gathering of academics
from around the world in May 2021 had to be rescheduled – not only once, but twice due to
the continuing challenges of the pandemic.
When things finally seemed to clear up late 2021 with prospects of a physical gathering in
May 2022, we also decided to change things. The CREON conference series has always
valued the informal and social face-to-face meetings between researchers as much as the
formal academic publishing. We therefore chose to invite to what a conference should be
about, namely networking, knowledge exchange, informal socializing, and opportunities for
building research connections, ideas, and projects. We hope that you will enjoy the relaxed
and informal atmosphere in Malmö and Copenhagen.
That said, we also have some high-quality papers that will be presented at the conference.
We received 37 abstracts and papers, which through a double-blind peer review process
resulted in 26 papers accepted for the conference. The papers will be published late 2022
by Springer Nature in their book series “Springer Proceedings in Business and Economics”
under the theme “SDGs in Construction Economics and Organization.”
We have identified six coherent themes that will form the basis for the parallel sessions to
take place on Friday 20 May. We are confident that these sessions will enable stimulating
discussions among all participants about new perspectives and avenues for research on
sustainability in the construction industry.
An event like this is only possible with the help of many individuals and organisations. We
wish to thank the members of the Scientific Committee, who have helped us maintain a high
standard and quality of papers, the CREON board for maintaining focus on the conference,
and all authors for their great efforts in producing their research and making the conference
possible.
We wish you a pleasant, profitable, engaging, and fun conference.
Göran Lindahl and Stefan Christoffer Gottlieb
11th Nordic Conference Chairs
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SESSION 1A: EDUCATION AND SOCIAL
SUSTAINABILITY

7

Identifying methods and tools toward more people
friendly environment – a scoping review
Mahgol Afshari1, Alenka Temeljotov Salaj1, Agnar Johansen1, Jardar
Lohne1
1

Department of Civil and Environmental Engineering, Faculty of
Engineering, Norwegian University of Science and Technology (NTNU),
7491 Trondheim, Norway

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 non-motorized 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 transport. Therefore, this study aims to identify methods
and tools for more active mobility. 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 biking.
The findings are divided into four groups: active mobility advantages,
bikeability 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 infrastructure 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 towards active mobility in the Elgeseter district.
KEYWORDS: Active Mobility, People Friendly Environment, Walkability,
Bikeability
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Social sustainability in a gender biased occupation
Radhlinah Aulin1, Vera Rytter2
1

Division of Construction Management, Lund University, Sweden,
2
Division Civil SE South, NCC Sverige AB, Sweden

This paper discussed construction industry’s on-going 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 construction industry is still low except in times of acute
labour shortages. This disproportionate 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 three 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: interesting and
challenging work and good work relations. The push factors are: not the
dream job, unsuitable 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: improve image
through marketing; exposure about the industry through education, female
role models; eliminating macho-culture, improve the working conditions and
facilities; 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.
KEYWORDS: social sustainability, gender biased, women, construction,
retaining
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Pursuing organisational change in construction
education by implementing change projects
Nicolaj Frederiksen1, Henrik Kryger Madsen2, Hanne Tønder Ludvigsen2,
Mikkel Bruun Primdahl1 & Marianne Forman1
1
2

Department of the Built Environment, Aalborg University, Denmark
Department of Construction, University College Lillebaelt, Denmark

The university colleges in Denmark are progressively confronted with new
educational policies, where adaptation presupposes that the individual
educational 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 organisational 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 conducted between
2018-2021. 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 internally in the department to adapt to educational
policies demanding an increased involvement in research and development
activities. In the discussion and conclusions, 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.
KEYWORDS: change project, construction education, educational policy,
organisational change, university college.
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BIM for construction education in Nigeria
Theophilus Olowa1, Emlyn Witt1, Irene Lill1
1

Department of Civil Engineering and Architecture, Tallinn University of
Technology; Estonia.

Introducing advanced information technologies (AITs) such as a BIMenabled 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 preliminary 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 a
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, Stakeholder attitudes and Teaching
method. These suggest that the designed data collection 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 4th goal (Quality Education) of the UN’s Sustainable
Development Goal (SDG) plan.
KEYWORDS: Building Information Modelling (BIM); BIM-enabled
learning; BIM education; virtual learning environment; AEC-FM
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Addressing minority discrimination in a master’s
education program for construction management
Martine Buser1 and Dimosthenis Kifokeris1
1

Department of Architecture and Civil Engineering, Chalmers University of
Technology, Gothenburg, Sweden.

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 shortcomings in tackling the aforementioned issues, as
well as present possible solutions. Theoretically, we adopt diversity
management and critical diversity theory, and then conduct a literature
review followed by an empirical focus on a master’s education program for
construction management in a Swedish university. Our findings show that
while methods and policies may exist, they are generally implemented
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 therefore propose broader initiatives with a strong
reflection in praxis – such as following up on students’ behaviour in the
classroom, and examining not only the way foreigners can be integrated, but
also the way the majority is blindly maintaining and reproducing its privilege.
Those could allow construction management education to contribute towards
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.
KEYWORDS: Minorities, diversity, construction industry, construction
management education, Sweden.
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SESSION 1B: BUSINESS PROCESSES AND
THE CIRCULAR ECONOMY

13

Theoretical framework of circular business model
innovation for building contractors
Lin Kjerulf1 and Kim Haugbølle1
1

Department of the Built Environment, Aalborg University, Denmark

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 practices. The majority of existing research within sustainable and
circular business models are limited to short-term consumer products, but the
research is poorly matching 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 specifically larger contractor firms. The main findings conclude
there is a research gap in terms of 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 transition. This paper points out that 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 coordination 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 participation in new types of procurement.
KEYWORDS: Circular economy, business model, material flows,
innovation, contractors
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Ecosystems and reuse of building materials: an
exploratory study
Francesca Vergani1, Rikard Sundling1, Carlos Martinez1
1

Dept. of Building and Environmental Technology, Lund University,
Sweden

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 Öresund region. The interviews were conducted to elaborate on
the characteristics that best represent this ecosystem. The results suggest 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 ecosystem; and (4) better knowledge and use of
the ecosystem platforms.
KEYWORDS: circular economy, building and construction sector, reuse of
building materials, ecosystem, actors.
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Circular Construction Platforms – a systematic
literature review
Christian Thuesen1, Claes Seehausen Lindtofte2, Sophie Führer3 Alexander
Olin Barfoed1, Thor Biering Rohdin1 & Janak Raja1
1

Department for Management, Technical University of Denmark, Denmark
2
RGS Nordic, Denmark, csli@rgsnordic.com.
3
Department, ETH, Germany, sophie.fhr@posteo.de.

Construction practices are critical for building our societies, but despite
increasing focus on sustainability in the industry, the practices are inherently
unsustainable – 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 complexity, uncertainty, and a requirement
to innovate, areas that historically have challenged the industry. This paper
outlines preliminary research into the challenges of circular construction and
how platform thinking can catalyze the sustainable transformation of
construction towards circularity. The paper is based on initial findings from
two systematic literature reviews of circularity and platform thinking in
construction. The review identifies core circular economy challenges like (1)
high variance, low volume, (2) short-term project-based optimization, (3)
though 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 strategic thinking, (3) value and cost
optimization, (4) value chain integration and coordination, and (5)
documentation of platform architectures and performance. Thus, the paper
finds platform thinking a promising strategy for enabling circular economy
in construction, directly addressing SDG 12, and indirectly SDG 8, 9, 11 and
13.
KEYWORDS: Circular economy, platform thinking, SDG 12, construction
transformation, sustainability
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Blue Ocean Strategy for business case of
building components designed for disassembly
Artur Tomczak1, Ole Jonny Klakegg1
1

Department of Civil and Environmental Engineering, Norwegian
University of Science and Technology, Norway

Sustainability requires of 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. Lifecycle assessments prove this
circular practice to be more environmentally 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 literature, case studies
and interviews with practitioners. The business case of adaptable building
components 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 structures. The paper provides guidelines for
harnessing the value of prefabricated building elements designed with the
intention of multiple applications and developing a circular economy
business strategy in the built environment. Necessary preconditions,
limitations and barriers are also discussed.
KEYWORDS: circular economy, business case, blue ocean strategy,
adaptable building elements, design for disassembly (DfD)
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SESSION 1C: RENOVATION AND
RESOURCE EFFICIENCY IN THE BUILT
ENVIRONMENT

19

The best solution for renovation in terms of climate
and economy
Terttu Vainio1, Eero Nippala2
1

VTT Technical Reasearh Centre of Finland, Smart Energy and Built
Environment, Finland
2
Tampere University of Applied Sciences, Built Environment and
Bioeconomy, Finland

EU aims to reach carbon neutrality by 2050. Besides energy consumption
reduction, also greenhouse gas emissions have to be cut starting from the
production of materials and construction work through the use phase to the
end of the use of the building. Existing buildings are estimated to provide high
potential for reducing global warming. This paper focus to research question,
how reasonable are energy efficiency improvements of existing buildings, as
the materials used in the process produce CO2 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
the 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 connected to district
heating. Strong reasons, either endogenous or exogenous, must exist for
replacing an existing building with a new. They cannot be justified with the
carbon footprint or lifecycle 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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A Delphi pilot study to assess the impact of location
factors for hyperscale data centres
D King1, Dr N Wanigarathna1, Professor K Jones1, Dr J Ofori-Kuragu1
1

Anglia Ruskin University, United Kingdom

The rapid expansion of digital technology used by individuals and
organisations 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 & fibre, and supply chain. The three most dominant are
land, power & 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 forecasting of
capital expenditure for hyperscale data centres.
KEYWORDS: Data centres, location, CAPEX, Delphi
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Replication and upscaling of energy efficient
solutions in the building sector
Anandasivakumar Ekambaram1, Daniela Baer1, Lillian S. Rokseth1, Pål C.
B. Vågbø1, Håvard Bergsman1, Nina H. Sandberg1
1

SINTEF, Norway

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 framework 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:
Stakeholders, contextual factors, and knowledge (training and knowledge
development). These three aspects are related to each other. This paper
would contribute to provide support / guidance to replicate and upscale
energy efficient solutions in the building sector at the district (or
neighbourhood) level. This is a conceptual paper based on narrative
literature study and the authors' project experience.
KEYWORDS: Renovation, Stakeholder, Contextual factors, Knowledge,
Sustainability
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Motivation for doing a sustainable building
refurbishment from a Norwegian building owner’s
perspective
Marit Støre-Valen1, Alenka Temeljotov-Salaj1, Bintang Noor Prabowo1
1

Department of Civil and Environmental Engineering, Norwegian
University of Science and Technology (NTNU), Norway

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 SBR and discuss strategies 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 regulatorydriven. 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
important for the identity and attractiveness in their neighborhood. The
findings suggestedthat likely promotes further SBR, are stricter regulations
and higher demolition fees, climate gas calculations and life cycle cost
demands, and EU's taxonomy.
KEYWORDS: sustainable building renovation, sustainable refurbishment,
adaptive reuse, adaptability, historic buildings
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Conceptual study and literature review of integration
of lean manufacturing and 3D printing in
construction to support sustainability
Erik Gran1, Javier Alonso Madrid2, Guillermo Sotorrío Ortega3, José
Antonio Tenorio Rios3, Nils O.E. Olsson4
1

SINTEF Digital, Norway
ATANGA Arquitectura e Ingeniería, Spain
3
Eduardo Torroja Institute for Construction Science, Spanish National
Research Council (CSIC), Spain,
4
Norwegian University of Science and Technology, Norway
2

This paper presents a literature review and conceptual study of 3D printing
of concrete in lean and sustainability perspectives. Three research questions
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 question, we find that there are still a number of
challenges that needs 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 scenarios; façade elements and
self-insulating wall elements. On the second question, we find that lean
techniques provide for coordination and good information flow. If
information flow and planning process is taken care of in this manner, 3D
printing can be successfully integrated in most larger construction processes
and support sustainability in the construction sector. Regarding the third
question, 3D printing can contribute to achieving several UN Sustainable
Development Goals (SDG)s, for example through reduction of waste and a
more efficient use of natural 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
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BIM adoption processes: findings from a systematic
literature review
Kaleem Ullah1, Emlyn Witt1, Irene Lill1
1

Department of Civil Engineering and Architecture, Tallinn University of
Technology; Estonia

in the performance of the construction industry have been expected from
Building Information Modelling (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, stateof-the-art overview of BIM adoption research. The purpose of this study is to
review and analyse existing BIM adoption research in order to synthesise
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 adoption
literature into project, organization, and industry levels and classification of
factors affecting BIM adoption process. This research has implications for
practice and research that the classification of factors that affect BIM
adoption process can be used to help analyse BIM adoption in different
organizations.
KEYWORDS: Building Information Modelling, BIM adoption, Construction
Industry, Literature review, Content analysis
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Multi-objective genetic algorithm for the time, cost
and quality trade-off analysis in construction
projects
Marco Alvise Bragadin1 Luca Pozzi1 Kalle Kähkönen2
1

2

Department of Architecture, University of Bologna, Italy
Faculty of the Built Environment, Tampere University, Finland

Project management methods and practice address project success, and the
well-known “iron triangle” targeting time, cost and quality trade-off has a
great importance in this process. Quality optimization, including safety and
sustainability, plays a key role in construction project management choices.
Since the relationship 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 under this paper is to
demonstrate that AI applications can help project managers the trade-off
between time, cost and quality objectives. A comprehensive approach
concerning three estimates of time, cost and quality of project activities is
proposed to optimize project performance in construction. The proposed
approach implements a genetic algorithm to optimize project performances,
with the aim of creating a decision support system for construction project
managers. Genetic Algorithm is an AI application that creates a learning
optimization process that discard worse solutions and re-introduce 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
balancing between 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 AI applications for construction management.
KEYWORDS: Construction, Project Management, Genetic Algorithm,
project planning, time-cost-quality trade-off.
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Digitalization is transforming the real estate and construction (REC) sector
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 managers 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, immersive and
integrated learning experiences. A desk study identifying existing initiatives,
mapping the educational-technological systems in the partner universities,
and analysing 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 validation workshop was then held to confirm the
relevance of the identified functional requirements, rank them in terms of
their relative importance and identify any missing requirements. The
resulting, validated functional requirements were then presented to technical
experts at each of the universities for recommendations of 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
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
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Circular economy has gained attention in the real estate and construction
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 towards circularity in the real estate and
construction industry context. The aim is reached through a review of CE
policies on the national and industrial 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 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
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Circular Supplier Partnerships for Resource
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Radical changes of supply chains relations are critical in a world of
environmental 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 partnerships 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 dependent on
transformations of supply and demand throughout the entire supply chain.
Drawing on institutional theory, we analyze and discuss the role of
concurrent organizational dynamics, market mechanisms, and supranational
regulations in legitimizing what is here labelled 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 substantiates CSPs as
a possible driver for sustainable development by the consolidation of the 17
UN Sustainable Development Goal.
KEYWORDS: Procurement, Partnerships, Circular Economy, Marketization,
and Legitimacy
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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 construction, the understanding of CE among practitioners appears
divergent. Using the concept of problem space and solution space in relation
to missions, the various perceptions, interpretations and framings of the CE
mission in the Dutch construction industry were studied by means of 20 semistructured interviews. Results indicate 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 sustainability. 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 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.
KEYWORDS: Circular Economy, Mission-oriented Innovation Policy,
sustainability transition, framing, system perspective
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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 establishing 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 institutional theory, focusing on
legitimacy, we follow the process of introducing the taxonomy within three
companies- a contractor, a real estate company and a consulting 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
technical experts’ advices, the proposed solutions may not be able to achieve
the aforementioned 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 company engaged recently in systematizing their measures,
documenting their climate impact, and establishing strategic goals for
reduction of energy and material consumption. The third, a consulting
engineer company, has so far felt comfortable doing progressive statements.
The extra effort of establishing documentation was carried within three years
where the companies have had an unusually good economy. The analysis
shows that the taxonomy is not demanding enough to provide the needed push
for living up to the Paris accord and consequently risks becoming a publicly
sanctioned greenwashing. The paper aims at reinforcing the development
towards 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
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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 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 professionals in the consulting engineering
industry. The study found that fees are still being determined using fee
guidelines despite their publication being suspended in 2016. Participants in
the 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 project 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 competitive 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.
KEYWORDS: Tendering, Professional Services, Consulting Engineering &
Pricing
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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 analyzed and discussed. Empirical material
was collected through a series of in-depth interviews, and then analyzed using
a thematic approach and compared with previous research including the
maturity model by. Although there are examples of integration activities 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
procurement as a value adding process and how knowledge sharing, and
knowledge transfer can increase the learning concept in relation to
procurement in construction.
KEYWORDS:
Procurement,
Construction clients.
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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 construction 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 3dimensional capability map based on recent literature and interviews with
industry practitioners including capabilities, critical success factors, industry
challenges, and best practices. This forms the foundation for a conceptional
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 execution. Furthermore, the strong owner concepts and
the maturity model will aid organizations in their sustainable
transformational journey towards SDGs #9 Industry, Innovation and
Infrastructure, #11 Sustainable Cities and Communities & #12 Responsible
Consumption and production, by connecting people, organizations, data, and
technology.
KEYWORDS: Strong Owner, Maturity Model, Maturity Assessment,
Capability Mapping, Sustainable Development.
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Silos in value chains are functional systems whose reciprocal operation with
systems related are limited. Silos in value chains hinder transparency,
opening for unethical practices. The purpose of the research presented in this
paper is to outline how such silos are erected, maintained and reinforced
within the Norwegian construction industry, with the materials value chains
as study object. This study was initiated by literature review on value chains
and traceability within the construction industry. Further, eighteen in-depth
interviews were conducted with representatives working at strategic levels
from owners, suppliers, research institutions, contractors, and industry
organisations. The main results are: 1) the current materials value chains
within the Norwegian construction industry are disrupted; 2) the existence of
information silos is a root cause to the challenges observed; 3) the existence
of information silos increases costs and 4) the ruptures in the value chain
hinders transparency and traceability. Current measures for increasing
traceability ignore the role of information silos. Addressing practices arising
from a lack of transparency and traceability needs by setting such
requirements for information management throughout the value chain. Of
importance for future research and practice is understanding how to include
perspectives of the building in use into the materials value chains.
KEYWORDS: Building process, value chains, digitalisation, corruption,
ethics
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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' experiences. This article reports on a case project in Trondheim,
Norway. It has been conducted document studies, eight in-depth interviews,
and observation of eight integrated concurrent engineering sessions. The
contractor was involved early in the project. Thus, the delivery method
acquired collaboration between 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,
cultural elements are less tangible and concrete and therefore seems 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.
KEYWORDS: Project delivery methods; Partnering; Collaboration; Early
contractor involvement; pre-construction phase.
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