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INTRODUCTION 
 

Industry 5.0 has been defined in different ways. Essentially, it relates to taking the next step from Industry 4.0 
where the focus is on improved automation and optimisation across cyber-physical systems utilising Artificial 
Intelligence (AI), sensors, robots, machine learning, Internet of Things (IoTs), virtual and augmented reality, additive 
manufacturing, etc. As such, it seeks to introduce a more human-centric and human-machine interaction approach 
to technology across collaborative models, moving from technology centric models. At its broader scope, Industry 
5.0 embraces and embeds circular economy as part of the production system, an embedded environmental 
consideration which adopts the minimisation of waste (including the use of materials and processes that have a 
harmful impact to the environment) and an inherently social dimension to humans operating in industries as well as 
the interaction between them.  

The previous 8 International Workshops focused on Lean Construction, Building Information Modelling (BIM) and 
digitalisation more broadly as central means supporting ongoing transformation and improvements across the 
construction industry. They recognised that research has so far mainly emphasised the technology or production 
process aspects through the successful adoption of technologies and processes. They also recognised that successful 
implementations have depended as much on social aspects like collaboration and the business environment, 
indicating that there is a clear need and opportunity for a social science perspective in this context. Indeed, it can 
be argued that the current fragmented transformation in construction provides an interesting challenge for social 
science research. 

Historically, the field of management, understood as social science, has dissociated itself from concerns related 
to design and production. This creates difficulties in explaining phenomena that are intrinsically embedded in 
production activities. The challenges explored in previous workshops have highlighted important aspects of Lean and 
BIM and their understanding through the lenses of social sciences. With Industry 5.0 however, production and 
human-machine interactions are inseparable and integral providing limited opportunities to observe one against the 
other, but rather observe and make sense of a system. 

There is an opportunity for social science researchers to observe interesting social phenomena in Industry 5.0 
settings, such as creativity, human-machine interactions, problem-solving, collaboration in human-technology 
systems, co-creation, commitment and trust, which may lead to improved methods and models of production 
management. The evolving digital and business landscape provides many interesting issues for researchers to study. 

The Workshop is jointly organised by School of Arts and Humanities’ Innovative Design Lab (IDL) of the University 
of Huddersfield, UK; the Building Innovation Research Unit (NORIE) of the Federal University of Rio Grande do Sul 
(UFRGS) in Brazil, and the School of Engineering, Design and Built Environment at Western Sydney University in 
Australia. 

Thirty-one extended abstracts are part of this publication. All abstracts were reviewed by the advisory board 
members, as well as the editors. The workshop itself included three keynote speakers. The authors and presenters 
come from ten countries, demonstrating the global reach of the workshop themes. We would like to sincerely thank 
all members of the advisory board, keynote speakers and the authors/presenters, for sharing their insights and ideas, 
as well as for their help and invaluable contributions to the workshop. 

 
Professors Patrícia Tzortzopoulos, Carlos Formoso and Michail Kagioglou,  

Technical chairs 
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Real-life demonstration of circular economy, Living Labs, peoples practices 
and building automation systems – towards low embedded and operational 

energy and carbon in buildings 

PROF. GREG MORRISON 
Western Sydney University, Australia 

Greg Morrison is the Lang Walker endowed chair in Urban 
Transformation at Western Sydney University. His research has focused 
on Living Labs and innovation/net zero precincts. He has published 
extensively on innovation through Living Labs, circular economy and 
sharing solar energy. He has built one Living Lab in Sweden and one in 
Perth (Australia) which has attracted significant industry and society 
sponsorship. Greg is also on the Board and is a co-founder of Climate-
KIC Australia which drives innovation and entrepreneurship in climate 
solutions in Australia. 

 
 

Reflections on the use IoT on visual management to foster behaviour change 
towards lean production 

PROF. AGUINALDO DOS SANTOS 
Federal University of Parana (UFPR), Brazil 

Prof. Aguinaldo dos Santos has a B.Sc. degree in Civil Engineering 
(UFPR), an M.Sc. in Construction (UFRGS), and a Ph.D. from the 
University of Salford, U.K. He is an associated professor in the Design 
Department and the Head of the Design & Sustentabilidade Lab at the 
Federal University of Paraná. He has supervised 47 M.Sc. and 7 PhD. 
students, and is the author of 4 patents concerned with sustainability 
of the built environment. His current research interests are Design of 
Product-Service Systems, Design for Sustainable Behaviour, Distributed 
Economy through Digital Manufacturing, Social Housing and Open-
Source Design. 

 

Lean Construction 4.0 and the need for human centric systems in construction 

DR FAROOK HAMZEH 
University of Alberta, Canada 

Dr. Hamzeh is a Lean Construction expert. His theoretical and applied 
research in the US, Canada, and the MENA region aim at improving the 
design and construction of projects. Dr. Farook Hamzeh is an Associate 
Professor in Civil and Environmental Engineering at the University of 
Alberta. He was full time faculty at Colorado State University and at the 
American University of Beirut. Dr. Hamzeh is an active member of the 
International Group of Lean Construction (IGLC) and has published 
heavily on Lean Construction and related topics. Dr. Hamzeh has worked 
for more than seven years in the construction industry on several mega 
projects: the $1.7 Billion Cathedral Hill Hospital in San Francisco, the 
333 m high Rose Rotana Hotel in Dubai, Losail motor-bike racetrack in 

Qatar, Olympic Tower in Qatar, Al-Amal Oncology Hospital in Qatar, Serail 1374 Building in downtown Beirut, 
and Sibline Cement factory 2nd production line in Lebanon. 
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EXPLORING BIM IN SOCIAL HOUSING UPGRADING WITHIN A 
LIVING LAB SETTING 

 

Samira Awwal1*, Patricia Tzortzopoulos2, Joao Soliman-Junior3, Mike Kagioglou4, and Morolake-Ayo-
Adejuyigbe5 

 

INTRODUCTION 
Upgrading the existing social housing stock provides an opportunity for innovation and can help resolve 

housing deficits (Jensen et al., 2018). Upgrades, or social housing retrofits, are complex projects (Carvalho et 
al., 2019). Furthermore, upgrading is often ineffective in incorporating social and technological change 
(Blomsterberg & Pedersen, 2015), which results in overlooking value generation in the process. Upgrading 
can offer positive health benefits for social housing end-users (Healy, 2003). However, end-users sometimes 
do not gain benefits (Chaves et al., 2017) as their views and needs are seldom taken into account during the 
upgrade design. Also, there can be conflicting views and needs across the diverse stakeholders involved in 
upgrades. Communication through graphic representation can play an important role in managing such 
conflicts, but the process is costly and time-consuming, especially during early design (Wang et al., 2014). 

Technologies such as BIM (Building Information Modelling), AR (Augmented Reality) and VR (Virtual 
Reality) can support overcome these problems (Nørkjaer Gade et al., 2019). BIM can be a quick and efficient 
too to support end-users understanding of the upgrading design through accurate 3D visualization (Azhar et 
al., 2011). Thus, this research aims to generate a BIM protocol to support incorporating end-users’ 
participation in the upgrading process within a living lab setting. Living Labs are user valued innovations to 
support decision making and collaboration (Leminen, 2015) through effective mediating strategies. Some 
researchers (e.g., Liedtke et al., 2015, Sharp & Salter, 2017, Claude et al., 2017, Lockton et al., 2017) define 
living labs as a series of workshop sessions that allow the development of relationships amongst stakeholders. 
This research adopts the living lab as a series of workshops where the protocol will be implemented and 
tested, to resolve conflicting understanding of problems and needs of stakeholders. The initial findings 
highlight synergies between living labs and lean, focussing on users’ needs and values, the use of participatory 
approaches and the early inclusion of stakeholders in the decision-making process. 

Research Method 

Design science research is the methodological approach adopted, aiming to develop a solution that solves 
a practical problem and provides contributions to the associated theoretical knowledge (Holmström et al., 
2009). The research design includes:(i) Understanding of the problem, (ii) development of the solution and 
(iii) analysis and reflection (Holmström, et al., 2009). The research will be conducted using the living lab, a 
social innovation (Leminen,2015), to support the user’s value identification in the upgrading process. 

The research is currently focused on the use of living labs during the retrofit of 8 social housing dwellings 
in West Yorkshire, UK, including the local council, architects, retrofit coordinator, construction company, and 
tenants. The living lab proposes one pilot and four workshops to understand users' requirements and values, 
experiment through an immersive environment, evaluate design versus users’ values and needs, and evaluate 
the Living Lab. The process is iterative in nature, allowing refinements in the method. The following diagram 
(refer to Figure 1) shows the activities that will be explored in the workshops at various stages of the living 
lab. 

 
1 Innovative Design Lab (IDL), School of Arts and Humanities, University of Huddersfield, UK. ORCID 0000-0001-7771-
1511 
2 Innovative Design Lab (IDL), School of Arts and Humanities, University of Huddersfield, UK. ORCID 0000-0002-8740-
6753 
3 Innovative Design Lab (IDL), School of Arts and Humanities, University of Huddersfield, UK. ORCID 0000-0002-8740-
6753 
4 School of Engineering, Design and Built Environment, Western Sydney University, Australia. ORCID 0000-0003-3521-
1484 
5 Innovative Design Lab (IDL), School of Arts and Humanities, University of Huddersfield, UK. ORCID 0000-0002-9600-
7746 
* Corresponding author Email: samira.awwal@hud.ac.uk 
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Figure 1 The Living Lab Process 

At this stage, two workshops have been conducted, where the BIM models are explored as a tool to elicit 
and capture user value. The pilot workshop included four members of the council and four researchers, 
targeting to better understand how the tool will capture values and increase end-user participation. The 1st 
workshop included three end-users (tenants) and four researchers, aiming to understand the requirements 
for upgrading. The 2nd workshop focuses on experimentation through immersive experience including all 
stakeholders and the 3rd, and 4th workshops will be focused on evaluation and dissemination. 

PRELIMINARY FINDINGS 
In the ongoing living lab, value cards and real-time rendering software linked to BIM and VR Cave were 

explored. It is observed that some participants faced difficulties using the VR cave, as there were issues in 
moving around the model, and the graphic quality of the model could be improved. The stakeholders preferred 
the real-time rendering as it offered clearer and more effective visualisation to elicit participants’ choice in 
design requirements, providing evidence to understand their emerging needs more efficiently. This process is 
iterative and allows feedback options to users.  

On the other hand, the value cards were straightforward and clear to use with the stakeholders, but it has 
been pointed out that this tool should be used at the preliminary stage of the upgrading process. The real-
time rendering software linked with BIM provided the opportunity to improve understanding of requirements 
at multiple stages (e.g., preliminary design, development, and construction phase) of the upgrading process, 
enabling problems to be addressed transparently and facilitating better communication. During the process, 
synergies between living labs and lean (refer to Table 1) are observed in the decision-making process. 

Table 1 Synergies between living lab process and lean 
Living Lab Process (Observations from 

workshops) Lean Principle (Koskela 1992) 

-Elicit participants’ choice in design requirements 
-Participatory approach using co-creation Increase Value 

-Early stakeholder involvement 
-Experimentation environment in real-life context, Increase transparency 

-Allowing iterative processes with multiple feedback 
points 

Continuous improvement & Reduce cycle 
times 

CONCLUSION AND FUTURE WORK 
The research is ongoing and further work to gather empirical data to test and evaluate the living lab 

protocol is ongoing. The initial protocol developed from the pilot upgrading project at West Yorkshire will 
provide a base for developing the first version of the protocol, which will be implemented and tested in another 
upgrading project. The living lab will be observed and outcomes will be analysed to measure value generation 
using social innovation in social housing upgrading. 

REFERENCES 
Azhar, S., Hein, M., & Sketo, B. (2011). Building Information Modeling (BIM): Benefits, Risks and 

Challenges. Leadership and Management in Engineering 11(3):241-252, 11(03), 11 
Blomsterberg, Å., & Pedersen, E. (2015). Tenants Acceptance or Rejection of Major Energy Renovation of 
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THE CHALLENGES OF SOCIAL HOUSING UPGRADING FROM A SOCIAL 
SCIENCE PERSPECTIVE 

 

Janine Pößneck1* 

 

INTRODUCTION 
In 2020, the European Commission published a ‘Renovation Wave Strategy’ aiming at increasing the annual 

energy renovation rate and reducing energy poverty by focusing on the worst-performing buildings. This is 
one step on the road to achieve climate neutrality in the EU by 2050 (European Commission, 2020). However, 
a deficit regarding upgrading is observed in the existing social housing stock. 

Despite the recognised need and urgency of upgrading measures, there are a variety of obstacles, such as 
complex ownership structures, lack of political pressure and funding, and historic building preservation issues. 
A particular challenge of upgrading the existing social housing stock is that it is occupied. Refurbishment 
processes have a major social impact on the residents’ everyday lives (Gee & Chiapetta, 2013). Therefore, 
their needs, interests and values require special attention. Residents are often only informed about upcoming 
refurbishment of their homes when the decisions have already been made (Gustavsson & Elander, 2016; 
Stenberg, 2018; Golic et al., 2020). Intensive resident participation from the very beginning, however, is 
necessary to meet the residents’ needs in social housing upgrading. 

Upgrading measures usually concentrate on specific buildings or blocks or flats, but are ultimately 
embedded in a larger context within a particular neighbourhood. We focus on a refurbishment project of the 
municipal housing company in a large panel housing estate. Four nine-storey buildings with around 100 
apartments each have been gradually refurbished since 2020. Our research is part of the interdisciplinary and 
international project u-VITAL2 with partners from four different countries: Brazil, the United Kingdom, the 
Netherlands, and Germany. The central objective of the German case study is to analyse resident participation 
in social housing upgrading using a social science approach. 

METHODOLOGY 
Our German u-VITAL research approach on the challenges of social housing upgrading is embedded in a 

long-term study on residential satisfaction in the Leipzig-Grünau large panel housing estate. Its focus is on 
the residents’ perceptions of the housing and living conditions. From 1979 until 2020, eleven surveys have 
been conducted. Questionnaires were distributed in each survey to the same fixed addresses that are spread 
over the entire estate. The repeated questionnaire surveys as key method were always complemented by 
interviews with local stakeholders, observations, analyses of planning documents and photo documentations 
to get a comprehensive picture of the estate. In order to guarantee the comparability of the results over time, 
the same core questions were used in each questionnaire. Additionally, new pressing topics were included. By 
doing so, we can comprehend the development of the estate and identify both potentials and problems from 
the perspective of the inhabitants. 

For the u-VITAL project, we selected a specific case study area within the estate. We conducted in-depth 
interviews with different stakeholders that are involved in a refurbishment project. We met with 
representatives of the housing company, representatives of different construction companies and with 
residents. The interviews took place in-person in July and August 2021 during the COVID-19 pandemic, 
respecting social distancing requirements at all times. The residents belonged in most cases to vulnerable 
population groups (elderly people with health issues). 

RESULTS AND DISCUSSION 
The long-term data provides evidence for a wave-like pattern of satisfaction among residents with their 

apartment, with consistently high values (Kabisch et al., 2021). Nevertheless, there are differences within 

 
1 Department of Urban and Environmental Sociology, Helmholtz-Centre for Environmental Research, Leipzig, Germany 
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subspaces of the large housing estate regarding socio-demographic characteristics and depending on the 
landlord’s rental strategy. Residents of apartments owned by housing cooperatives tend to be more satisfied 
than those in apartments of private companies and the municipal housing company. In the latter case, a high 
demand for housing upgrading was expressed. 

The housing stock under investigation is owned by the municipal housing company. Based on the qualitative 
approach in our refurbishment project, time and money were identified as two decisive factors. The entire 
process has a tight schedule that does not leave much room for intensive resident participation, which is 
indeed time-consuming. Furthermore, decisions for upgrading measures have to take into account the financial 
budget of the company as well as the residents to guarantee adequate upgrading, but at the same time avoid 
strong rent increases for the tenants. This results in a dilemma for the municipal housing company. On the 
one hand, large investments are required for energy-efficient retrofitting and age- appropriate renovation 
according to the residents’ needs on site. On the other hand, housing must remain affordable, in particular for 
low-income households and vulnerable population groups. 

CONCLUSION 
Social housing upgrading faces specific conditions and restrictions. Due to limited financial resources, the 

municipal housing company can only partially pursue the ambitious goals of energy-efficient retrofitting and 
age-appropriate renovation. Nevertheless, our interview results provide evidence that the residents, in general, 
appreciate the improvements (e.g. pipework renovation, replacing doors and windows, installing new balcony 
balustrades, lowering the thresholds to balconies), although they were not involved in the selection of 
technologies and materials. These decisions were made by the housing company. From the perspective of 
low- income households, however, the moderate rent increase is very important. It enables them to stay in 
their homes after upgrading. Thus, the dilemma presented above cannot be resolved as long as the housing 
sector functions according to a neoliberal market logic. There is a lack of adequate state subsidies allowing 
for extensive and high-quality upgrading measures in the social housing stock. Consequently, the dilemma 
impedes the achievement of climate neutrality. 
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EVALUATION OF TOOLS FOR IDENTIFYING USER VALUES IN SOCIAL 
HOUSING UPGRADING 

 

Morolake Ayo-Adejuyigbe1*, Patricia Tzortzopoulos2, Mike Kagioglou3, Joao Soliman-Junior4 and Samira Awwal5 

 

INTRODUCTION 
There is a high demand for social housing globally (Gagliano et al., 2013). There is also a need to improve 

users’ standard of living and provide a sustainable environment through social housing upgrading (or retrofit) 
(Jensen et al., 2018; Kowaltowski et al., 2019; Tzortzopoulos et al., 2019). User value is an essential concept 
in projects relating to users’ requirements, priorities, needs, and preferences in their homes. 

Problems associated with identifying user values include inadequate tools to engage and communicate with 
users, leading to information loss in the project (Blokpoel, 2003; Jensen & Maslesa, 2015). The introduction 
of better and more effective communication tools can improve participation problems and enhance the 
decision-making process, supporting collaborative multidisciplinary design (Woksepp et., 2005; Sherman & 
Craig, 2018; Orihuela et al., 2019). 

This abstract discusses initial findings on the evaluation of tools used in two workshops to aid in 
understanding the requirements and needs of users in social housing upgrading. In the context of this 
research, the workshop serves as a Living Lab platform. The Living Lab is a platform to engage stakeholders 
(Cardullo et al., 2018; Chroneer et al., 2019) to deliver sustainable improvement in social housing upgrading. 
Living Labs has other features such as activating a link to enhance stakeholders’ relations and understand 
users’ needs through experimentation, evaluating design solutions, and co-creation to understand user 
preferences (Leminen et al., 2012; Leminen & Westerlund, 2017; Van Geenhuizen, 2019). The main output of 
this research is to develop a protocol that can support stakeholders in understanding user value and the tools 
that can be used to engage users at the different stages of decision making in social housing upgrading. 

RESEARCH DESIGN 
The Evaluation stage of Design Science Research (DSR) has been employed for this study. The evaluation 

allows for rigorous demonstration of the design artefact’s utility, quality, and efficacy (Hevner et al., 2004; Da 
Rocha et al., 2012; Brady et al., 2013). The stages in evaluating tools for this study involve (i) identifying 
practical tools to engage stakeholders, (ii) developing evaluation criteria for the tools, (iii) Engaging 
stakeholders with the tools in a workshop, (iv) analysing the result from tool evaluation.  

The study’s focuses on stakeholders of 8 social housing upgrade in West Yorkshire, UK, including the local 
authority, architects, retrofit coordinator, construction company, and tenants (occupants of the houses to be 
upgraded). The two workshop sessions employed Value Card, BIM models and immersive virtualisation using 
Virtual Reality (VR) as tools to elicit the requirements and value of stakeholders. 

INITIAL FINDINGS 
The initial findings report on the two workshop sessions conducted with professionals working on the 

project (Project Manager, Construction Manager, Quantity surveyor) and two residents, respectively. The 
criteria for assessing the tools include clarity on the use of the tool, ease of understanding, application of the 
tool, effectiveness in capturing requirements, and the relevance of each tool in capturing requirements in 
different project stages.  
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The preliminary results indicate that Value Card, BIM and VR can serve as complementary tools for 
identifying user value in social housing upgrading and can be used at different stages of the project to support 
the process of identifying users’ values and eliciting users requirements. 

VALUE CARDS 
Results of using the value card indicate its appropriateness at the initial stage of the project to better 

understand users’ requirements and may potentially not be required on completion of the design stage. A 
participant suggested that the Value cards used require remodelling to improve the tool’s relevance in 
capturing requirements. Using blank or wild cards can assist users in indicating any need not represented in 
the card. 

VIRTUAL REALITY (VR)/ BUILDING INFORMATION MODELLING (BIM) 
Using VR indicated difficulty with the tool’s ease of use and flexibility. Some limitations during the workshop 

were associated with software compatibility with the VR cave. Using VR indicates the requirement of training 
for less computer literate persons to understand how to apply the tool. Other results show VR and BIM can 
be helpful at different project stages. 

CONCLUSION/FURTHER WORK 
The research is ongoing, and the evaluation criteria will be further refined based on five criteria: relevance, 

effectiveness, efficiency, impact, and sustainability of the tools in capturing user value which will be explored 
in two subsequent workshops. The results will further help establish how the tool identifies user value, the 
benefit of the tools, and the application in determining user value. 
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UPGRADING SOCIAL HOUSING FROM “WHAT IS” TO “WHAT MIGHT 
BE”. ARE ROADMAPS ENOUGH?  

 

Ariovaldo D. Granja1*, Doris C. C. K. Kowaltowski2, Vanessa G. da Silva3, Daniel de Carvalho Moreira4, Regina 
C. Ruschel5, Marcelle E. Bridi6, Elisa A. D. Muianga7, and Clara H. B. Pereira 8 

 

INTRODUCTION 
Existing constructions need upgrading periodically in the form of refurbishments that go beyond 

maintenance work. Social Housing (SH) is no exception and demands design processes that reflect new social 
norms and cultural and individual desires. New construction and information technology trends play a 
significant role in upgrading projects. In developed countries, top-down legislation demands refurbishment to 
attain energy efficiency. In developing countries, upgrading pressures are expressed through bottom-up 
transformations of homes (Kowaltowski et al., 2021). In both cases, participatory design processes are 
considered essential for political, social and economic reasons, and user values need assessment for upgrading 
processes (Stenberg, 2018).  

Methods that underpin design processes have gone through changes, as has industrial production. This 
evolution tends towards softer approaches, as users are valued through increased participation in decision-
making. Now, we embark on the fifth generation. After phases influenced by technology, the trend is towards 
a softer model emphasising creativity, human-machine interactions, problem-solving, collaboration in human-
technology systems, co-creation, commitment and trust. The hope is for processes to be increasingly valuable 
for solving human problems. However, are these processes sufficient to make a real difference? Living Labs 
(LLs) have been suggested as essential practices to enable collaboration between stakeholders involved in 
problem-solving activities (Bridi et al., 2022). 

This abstract describes experiences of an international research project focussing on SH upgrading in four 
countries: Brazil, Germany, the Netherlands and the UK. The project is called u-VITAL - "User-Valued 
Innovations for Social Housing Upgrading through Trans-Atlantic Living Labs". LLs are developed in different 
contexts using various tools. Users are actively engaged in ongoing refurbishment processes in the three 
European countries. In Brazil, no official policies exist for SH upgrading so far. However, users in single-family 
houses substantially transform their homes without technical support, and this process needs support. The 
pandemic affected the research project, and user engagement was a significant challenge for all case studies. 
Techniques and tools were modified to respond to restricted conditions. Our primary research goals for the u-
VITAL project are to evaluate the applicability of the LL concept in diverse contexts (BR, DE, NL, UK). As a 
result, a protocol should be developed to solve dilemmas and conflicts in participatory processes within LL 
settings as a social innovation. 

RESEARCH METHOD & PRELIMINARY RESULTS 

 
1 Department of Architecture and Building, School of Civil Engineering, Architecture and Urban Design, University of 
Campinas, UNICAMP, Brazil. ORCID 0000-0002-2964-5609 
2 Department of Architecture and Building, School of Civil Engineering, Architecture and Urban Design, University of 
Campinas, UNICAMP, Brazil. ORCID 0000-0003-3088-6124 
3 Department of Architecture and Building, School of Civil Engineering, Architecture and Urban Design, University of 
Campinas, UNICAMP, Brazil 
4Department of Architecture and Building, School of Civil Engineering, Architecture and Urban Design, University of 
Campinas, UNICAMP, Brazil. ORCID 0000-0002-7219-4006 
5 Department of Architecture and Building, School of Civil Engineering, Architecture and Urban Design, University of 
Campinas, UNICAMP, Brazil. ORCID 0000-0002-2796-1667 
6 Department of Architecture and Building, School of Civil Engineering, Architecture and Urban Design, University of 
Campinas, UNICAMP, Brazil. ORCID 0000-0003-4317-5938 
7 Department of Architecture and Building, School of Civil Engineering, Architecture and Urban Design, University of 
Campinas, UNICAMP, Brazil. ORCID 0000-0002-7070-3903 
8 Department of Architecture and Building, School of Civil Engineering, Architecture and Urban Design, University of 
Campinas, UNICAMP. ORCID 0000-0002-0804-8717 
*Corresponding author Email: adgranja@unicamp.br 

mailto:adgranja@unicamp.br


 
 9th International Workshop   
 WHEN SOCIAL SCIENCE MEETS LEAN AND BIM: TOWARDS INDUSTRY 5.0 
 

16 

We concentrate on the Brazilian case in the city of Campinas. A small SH project called Quilombo, was 
chosen to test the LL concept with low-income families. Specific tools and activities were developed to involve 
residents through discussions, walkthroughs, and co-design based on a design charrette of open public areas. 
Activities were specific for the understanding, co-design and analysis LL phases. Reflexive meetings were 
conducted, and upgrading priorities were established through questionnaires and user value assessment. Co-
design will use maps and models guided by design parameters. Events will give feedback and ample 
opportunities for co-design. As a result of the reflexive meetings, community characteristics and conflicts were 
identified. A list of upgrading priorities indicated that child safety and public area upkeep were major concerns, 
with solid waste management a critical problem. A specific family house post-occupancy evaluation (POE) is 
supporting a renovation project. 

As a set of directions for future action, a roadmap should be prepared to assist the Quilombo community 
from this case study. Achievable actions to reach desired outcomes are essential in such a context. The 
roadmap's success will depend on the participation of users, the public administration and private enterprise 
stakeholders, and the research team in the LL. 

CONCLUDING REMARKS 
Some questions remain regarding n the concept of LLs and how to develop viable solutions to upgrade 

existing SH in practice: Is a roadmap enough to achieve real actions that benefit end-users? What are the 
pitfalls of LL activities if public and private resources are scarce? In Europe, upgrading programs are funded 
with climate change in mind. In the case of Brazil, the political will is missing, and the question is: How can 
roadmap goals be achieved under restricted funding conditions? 

To develop such a roadmap, the concept of Social Costs (SCs) should be explored in-depth in the case of 
a lack of political will and funds for upgrading. The concept of SCs can be applied to the issue of SH, and exist 
in the form of health problems and social unrest. Investments in upgrading mitigate the impacts of SCs on 
society of less than adequate living conditions provided by many mass and public housing developments 
around the world. The quality of SH, its location, design, and upkeep should positively impact employment, 
education, and health, among other factors. However, many SH developments do not reach desired standards. 
Public investments in upgrading projects can avoid SCs in the form of increased spending on health and social 
services and policing. For such projects, well-designed roadmaps to pave the way are essential. We believe 
that roadmaps can be built through LLs that explore co-design activities and the creativity of stakeholders, the 
local community and end-users. To build such roadmaps, other steps are necessary that we hope this 
workshop may help us to develop, propose and explore. 
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USER-VALUED INNOVATIONS FOR SOCIAL HOUSING UPGRADING 
THROUGH TRANS-ATLANTIC LIVING LABS (U-VITAL): RESEARCH 

DEVELOPMENT IN THE UNITED KINGDOM  
 

Joao Soliman-Junior1*, Patricia Tzortzopoulos2 Mike Kagioglou3, Samira Awwal4 and Morolake-Ayo-Adejuyigbe5 

 

INTRODUCTION 
There is a need to improve the energy efficiency and thermal performance of the existing social housing 

stock through upgrades or retrofits (Swan et al., 2017). In the UK, this process tends to be driven by top-
down initiatives (Karvonen, 2013) typically led by governmental organisations (such as local authorities) and 
housing associations, with poor participation and collaboration with end-users and other stakeholders.  

There are considerable challenges associated with social housing retrofit, as they generally do not address 
end-users needs appropriately (Crawford et al., 2014; Chaves et al., 2017). This can generate user 
dissatisfaction and, ultimately, impacts the value generated to users through retrofits or upgrades 
(Kowaltowski & Granja, 2011). This abstract presents preliminary findings from the UK research team on the 
development of a research project entitled User-Valued Innovations for Social Housing Upgrading through 
Trans-Atlantic Living Labs (u-VITAL). This international collaborative research project involves institutions from 
four countries (Brazil, Germany, The Netherlands, and the United Kingdom) focuses on user-valued 
innovations for social housing upgrades via Living labs. Living Labs (LLs) consist of user-centred initiatives 
focused on the collaborative development of creative solutions in a real-world context (Leminen & Westerlund, 
2017).  

In the UK, the focus has been on a pilot social housing retrofit project consisting of 8 dwellings, aiming to 
improve energy and thermal efficiency. A living lab has been proposed and multiple workshop sessions 
supported the exploration of different tools to aid requirements’ capture and user’s value elicitation.  

RESEARCH DESIGN  
Living labs can be understood as a concept-methodology (Tang & Hämäläinen, 2014) in which different 

stakeholders (and especially end-users) collaborate, co-creating solutions (Eriksson & Kulkki, 2005). They are 
generally structured around the key stages of definition, ideation, co-creation and evaluation (Bridi et al., 
2022). The overarching research design for the initiative developed in the UK is illustrated in Figure 1. In the 
figure, the blue-coded activities relate to the definition stage, and their focus is to understand the context in 
which the Living Lab is developed as well as the specific problems that can be addressed; the red-coded 
activities relate to ideation and co-creation stages, in which all participants collaborate to develop and propose 
a solution, developing shared understanding resolving potential conflicts. The grey-coded activities relate to 
the evaluation of the solution itself, as well as the evaluation of the Living lab process itself.  

The activities developed up to date are: (i) 11 semi-structured interviews with end-users (in person) and 
4 with project stakeholders (remote); (ii) development of two living lab workshops, including end-users, council 
members and researchers; (iii) 3 site visits; (iv) exploration of value cards; (v) development of BIM models 
and exploration of immersive visualisation through Virtual Reality (VR); and (vi) preliminary evaluation of tools 
used to elicit and capture users’ requirements and values.  

PRELIMINARY FINDINGS 
At the outset of the living lab process, the difficulties associated with its initiation were remarkable, as 
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there were multiple Covid-19 restrictions in place that limited face to face interactions in workshops. During 
the living lab setup, there were also difficulties associated with data access, confidentiality and data sharing 
agreements. The interviews with stakeholders highlighted the difficulties associated with retrofit projects and, 
in this case, revealed that some of these challenges observed in the living lab initiation were typical 
characteristics of social housing retrofit construction projects, and not necessarily related to the living lab 
itself.  

 

 
Figure 1: Living lab process (UK). Blue (Definition), Red (Ideation + Co-creation), Grey 

(Evaluation). 
During the workshops developed so far, all participants acknowledged that different tools and approaches 

are needed to improve communication, understandability, collaboration, and transparency in social housing 
retrofit projects. The activities developed in the workshops (i.e. value cards and BIM-enabled VR exploration) 
helped demonstrate how stakeholders’ requirements and values can be better used to steer the retrofit project 
and elicit requirements and values. The value cards supported different participants to prioritise requirements 
according to their preference, triggering new insights and values in this process; the BIM-enabled VR 
explorations fostered discussion on different topics of the project (e.g. disruption due to scaffolding), as well 
as prompted design optioneering. There are benefits to be achieved in practice by using Living Labs as 
demonstrated through these preliminary findings. It is believed that Living Labs can improve shared 
understanding and foster collaborative decision-making, by enabling a transparent environment in which all 
participants can more easily express their needs and discuss potential conflicts towards the development of 
an innovation.  

It is important to highlight the project is currently still under development and further living lab workshops 
are planned. Therefore, emerging findings will be added to the presentation on the workshop and will be used 
to discuss research updates on that topic.  
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SUSTAINABLE CITIES: URBAN TRANSITION LABS AS INNOVATION 
CATALYSTS 

 

Yreilyn Cartagena1* 

 
Which is the city's role in the future? How to create a sustainable city? The involvement and empowerment 

of communities are essential to respond to the challenges of sustainable urban development (Nastran, 2019). 
A well-known urgent global need to find innovative and sustainable solutions to protect the environment and 
prevent climate change has spread to different groups involved in urban planning. Therefore, in recent years, 
the concept of the urban laboratory has become popular. According to Loorbach (2009), it is about platforms 
and organisations that help municipalities and governments find innovative solutions to the different problems 
and challenges in cities, inspiring cities to innovate in the search for answers to complex issues and 
demonstrating the potential of urban laboratories catalysts for innovation. 

Although each laboratory and city are different, their main characteristics are focused on working with the 
community as protagonists, both to identify the problem and the solution. The laboratories put the citizen at 
the centre of decision-making; they work together with the same purpose and function as their representatives 
in public administration. Consequently, the objective is to find long-term and far-reaching solutions. The 
laboratories test small-scale and low-cost pilots to identify what works and thus incorporate the learning more 
quickly, promoting a cultural change in how a municipality works towards a more creative, flexible, 
collaborative paradigm with greater tolerance for failure (Bulkeley and Betsill, 2005). 

Cities are changing, tourism is growing, commercial activity is growing, and the aesthetics of squares and 
neighbourhoods are changing, but differences and conflicts are also increasing (Ecosistema Urbano, 2021). 
Currently, spaces do characterise by the concentration of people; these are environments where there are 
certain economic activities and social exchanges. The dehumanisation of processes reflects in the speed at 
which our cities are growing and stop considering the human or a person's experience (Del Caz Enjuto, 2013). 
For this reason, there are many simplistic solutions around the world, increasing the chaos or degrading the 
environment (Zipperer et al., 2020). 

Responding to current global issues, urban living labs enter the scene, becoming more and more common 
in our cities. It is an open digital platform for urban innovation dedicated to researching, exploring, reflecting 
on, and disseminating knowledge and experiences related to the territory and its urban environments. In 
general, Bulkeley (2016) says that the Urban Living Labs (ULL) come from the traditional "Living Labs" from 
diverse fields. It also includes observation through various tools, working in an open and global network 
synchronously and asynchronously to get closer to the local reality. 

As a case study, the research seeks to renew observational traditional methodological perspectives as tools 
to build this urban analysis in Bologna town centre and understand it as a conceptual vision, weaknesses, and 
strengths. As "situations" occur, sounds, silences, and behaviours have been addressed through external 
lenses and walks. The mirror process is the university environment, which has always been at the centre of 
the debate, crossed by that variety of souls that have made it unique and representative of Bologna. 
(Cartagena,2022)  

An exploration by a psychogeography walk and ethnography as a strategy describes the town in a socio-
cultural sense, looking into the local community. The methodology used in this research follows these criteria; 
Psychogeography and ethnography as methods to map temporary interventions in the town centre by the 
development of the drifts, preparation of the Psychogeography and ethnography maps with the collected data, 
writing, analysis of results, conclusions, and presentation of the study. It focuses on the interventions by 
"Innovazione Urbana Lab/Laboratory of Urban Innovation" & ROCK Bologna; both centres for analysis, 
communication, elaboration and co-production on urban transformations. Whose activities intend to arise with 
the cooperation between the Bologna City Council, the University, and other city partners, to develop strategic 
projects for Bologna. 
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These Labs implement different techniques for citizen innovation with the necessary public policies, such 

as: 
the exploration of the city to analyse the problems to be dealt with; 

experimenting by putting ideas into practice and testing them temporarily for evaluation and redesign with 
the review, analyse the impacts, effects, and profitability of the pilot projects. 

The connection of diverse sectors of Bologna with technical organisations through creative financial 
solutions leads to the communication and presentation of the results of each intervention (Foundation for 
Urban Innovation, 2018). However, cities have undergone significant changes after the pandemic, adjusting 
the changing demand to new contexts. It reveals that experimentation spaces must continually question their 
objectives and tools to develop solutions to urban challenges and create future visions about which to build 
regenerate cities (ISPRA, 2021). 

With the arrival of COVID-19, the world population had to abruptly face the freezing of public life and the 
urban, economic, and social havoc that the pandemic would detonate. After the first confirmed local case in 
March 2020, confinement measures and general mobility restrictions began to be implemented (Newman, 
Hargroves, Desha & Izadpanahi, 2021). However, for a large part of the population, it was not a possibility to 
cope with prolonged/total confinement. After the first semester of the pandemic, various urban innovations 
and public policies began to emerge globally that positioned public space as an ally for the reactivation of 
cities: emerging bike lanes, widening sidewalks, pop-up markets, the readaptation of streets, parks, and 
squares for the use of outdoor space, among others (Andreucci, 2021). 

During the lockdown, COVID-19 tested the functioning of governments globally. Quickly responding to the 
challenges of the pandemic became a priority. Here is where the innovative culture, resilience and adaptability 
played a fundamental role in the opportunity to improve the quality of public spaces to direct them to be allies 
of post-pandemic recovery (D'Onofrio & Trusiani, 2022). One of the most important characteristics of urban 
laboratories to support sustainable development is participatory methodologies or citizen participation. It refers 
to citizens' active and direct involvement in matters of public life that are of interest to them, doing so through 
their participation in the management of said decisions (Tricarico & De Vidovich, 2021). 

To sum up, the main objective of Urban Living Labs (ULL) is to articulate the different actors involved in 
territorial development, such as academia, the public and private sectors, and civil society, with urban 
problems. What is the future of these laboratories? Moreover, how can territorial interventions be generated 
that enable a transformation in people's quality of life? This abstract discusses these challenges and the 
different social, environmental, and technological challenges that cities constantly face. 
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THE QUEST FOR DEVELOPING A NEIGHBOURHOOD SUSTAINABILITY 
ASSESSMENT TOOLS 

 

Benedict Okundaye1*, Alireza Moghayedi2, Patricia Tzortzopoulos3, Yun Gao4, Kathy Michell5 

 
Developing nations lack the technological skill, infrastructure, and ability to tackle or plan for environmental 

and social sustainability or resilience to emerging global adversities (UN, ND; Utoikamanu, 2018; El Hajj, 
Montes, & Jawad, 2021). Cities house more than 50% of the planet's population in neighbourhoods and can 
suffer from global and local manmade and natural catastrophes (United Nations, 2020)— with urban migration 
to cities expected to increase (Obebe, Kolo, Enagi, & Adamu, 2020). Rapid urbanisation and pandemics are 
posing a growing number of challenges to both rich and impoverished neighbourhoods globally (United 
Nations, 2020; C40, 2020; TDHCA, 2007; UN-Habitat,, 2018). The global neighbourhood challenges, especially 
in developing countries such as in South Africa, include pollution poverty, energy poverty, digital poverty, 
environmental degradation, and socioeconomic inequalities in the post-apartheid era (ESCAP, Chapter 9: South 
and South-West Asia, 2005; ESCAP, Environment and Development Series 2018, 2018; Baloch, Danish, Khan, 
& Ulucak, 2020; EC, ND; Lemon, 2021; UN, ND). Furthermore, 1.34 billion inhabitants migrate to African cities 
by 2050 (Cartwright, 2015). There is an urgent need to strengthen the environmental and socioeconomic 
capability of the neighbourhood to increase community engagement and the assessment framework for 
sustainable development. The importance of the neighbourhood scale as a recovery-point in the development 
of a sustainable urbanity cannot be overstated (Dawodu, Akinwolemiwa, & Cheshmehzangi, 2017).  

These challenges amplify three reasons for developing an assessment tool that aid in building resilient and 
sustainable neighbourhoods. (1.) Because of the linked socioeconomic and environmental friction with the 
built environment, new conceptual ideas and technological analytical methodologies that may integrate 
sustainable components to tackle such environmental and socioeconomic inequities in neighbourhoods are 
crucial (Subramanian, Chopra, Cakin, Liu, & Xu, 2021). (2.) To determine the extent to which neighbourhoods 
have succeeded in achieving their economic, social, and environmental objectives (Sharifi & Murayama, 2013). 
(3.) To help guide neighbourhood planning— promoting inclusivity, as neighbourhood planning allows 
communities to have a far bigger role in determining where they live and work, also supporting new social 
interactive technologically enabled sustainable development initiatives. Understanding the characteristics that 
determine residential happiness and neighbourhood resilience to the enviro-socioeconomic climate, for 
example, is essential for designing a long-term rehabilitative housing strategy (Kshetrimayum, Bardhan, & 
Kubota, 2020). It is critical to resolve the current and strategise for future South African neighbourhood issues 
of pollution, poverty, healthcare, and wellness, and environmentally sustainable modernisation. There are no 
well-established neighbourhood sustainability assessment methodologies that can singularly and 
comprehensively quantify or analyse the breadth of sustainability factors that neighbourhoods face to ensure 
their long-term viability. At the neighbourhood scale, most mainstream techniques and frameworks focus on 
social, economic, and environmental aspects. It is debatable to ignore the socio-environmental and socio-
political factors that impact future or existing neighbourhood sustainability— as much as not incorporating 
simple accessible; technological, digital, and remote-based strategies or methodologies than can help tackle 
the issues of sustainability and neighbourhood resilience. 

However, major neighbourhood evaluation systems such as BREEAM Community, LEED-ND, Green Star-
Community, and CASBEE-UD are not well suited for use outside of their respective countries of origin and local 
context (Hilley & Sim, 2020; Yigitcanlar, Kamruzzaman, & Teriman, 2015), needing further customisations to 
foreign contexts (Cheshmehzangi, Dawodu, Song, Shi, & Wang, 2020; DOUSSARD, 2017). As a result, this 
project aims to develop a framework for assessing and investigating sustainability of neighbourhoods and the 
impact on QoL in the context of the neighbourhood. 

The study research methodologies (Triangulation) incorporate IBM-SPSS and BIM digital technologies in 
statistical computing and analysing environmental, spatial, socioeconomic, and demographic data, and spatial 
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identifications. It employs such processes as regression, validation, and reliability test. It integrates, 
neighbourhood, development, and past/present/future site information to contextualising project environment 
and contribute to a better comprehension of challenges linked to socioeconomic or enviro-political climate, the 
surrounding systems, and resources. 

OBJECTIVES 
Develop a conceptual framework for assessing and evaluating sustainability of the neighbourhood 

environment, and its impact on neighbourhood quality-of-life in South Africa. To develop applicable 
neighbourhood assessments methods, systems, and processes. 

Analyse geographic, spatial, and demographic data with the aid of BIM creating a digital picture through 
digital imagery and collected information data, to create outcomes. An aid in improving efficiencies in both 
decision-making and collaborative process. Determine which sustainability pillars and factors from the 
conceptual framework significantly impact the sustainability and QoL in of selected of South African 
neighbourhood. Which can be stored and access through a BIM data base. 
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DIGITAL BUILDING PERMIT BASED ON AUTOMATED CHECKING 
SYSTEMS: AN INVESTIGATION FROM THE AEC SECTOR OF A 

BRAZILIAN MUNICIPALITY 
 

Douglas Malheiro de Brito1, Dayana Bastos Costa2*, and Emerson de Andrade Marques Ferreira3 
 

INTRODUCTION 
Digitization is currently one of the main driving forces of society and has been materialising in many fields, 

including building permits. In a digital society, efficient processes require exchanging and integrating digital 
information between actors and processes, considering technical, legal, and commercial aspects (Olsson et 
al., 2018). Electronic permitting systems have become popular in recent years due to this scenario and its 
growing global recognition (Shahi et al., 2019). 

The main advantages of these systems are the increase in efficiency by promoting faster permit processing, 
greater transparency in the approval process, and agility in document analysis and reviews (Whitel et al., 
2019). In addition to time and cost savings, tax revenue growth, citizen empowerment, the attraction of 
business investment, and improved coordination are also noteworthy (Messaoudi and Nawari, 2021). 

According to Olsson et al. (2018), although many of the techniques developed for automated code checking 
should be applicable or customisable to the field of digital permitting, a vital difference is a greater dependence 
on geospatial data. It demands the integration of Building Information Modelling (BIM) with the Geographic 
Information System (GIS), called GeoBIM. 

Thus, the development of the most advanced systems already includes this ability to take advantage of the 
latest technological advances in the industry, represented by BIM and GIS (Whitel et al., 2019). However, the 
semantic richness of the BIM models developed by designers and the digital geospatial data of the 
municipalities are still not adequately used in the permitting process (Olsson et al., 2018). 

The leading international initiatives identified in the literature as pioneers in digital building permits to 
automate code checking are located in South Korea (Kim et al., 2020), Singapore (Hjelset, 2015), Finland 
(Noardo et al., 2020), United Arab Emirates / Portugal (European Spatial Data Research, 2021), Estonia (Ullah 
et al., 2022), Canada (Whitel et al., 2019), Norway (Hjelset, 2015), United Kingdom (Beach et al., 2020), 
Sweden (Olsson et al., 2018), Switzerland (Chognard et al., 2018), Chile (DOM en línea, 2022), Australia 
(Victorian Building Authority, 2022), and Germany (Borrmann et al., 2021). Most of the systems are still under 
development, expected to be completed in the coming years, especially in North America, Europe, and Asia. 

In the context of developing countries, Brito et al. (2022) analysed the building permit digitization in a 
Brazilian municipality to identify the best practices and lessons learned. However, for Noardo et al. (2022), 
the topic is broad and complex, with many sub-questions and uncertainties, which prevented many of the 
studies of the last decade from having the expected development. Therefore, in continuity with the study of 
Brito et al. (2022), this research aims to analyse stakeholders' perceptions in the Architecture, Engineering 
and Construction (AEC) sector about the building permitting digitisation in a Brazilian municipality, including 
the professionals responsible for the design and the municipality team responsible for code checking. This 
study is part of doctoral research that proposes a model for digital building permits in municipalities using 
GeoBIM. 

RESEARCH METHOD 
The research method adopted in this study includes four stages: literature review, data collection through 

surveys, data analysis, and discussion of results. The awareness stage encompasses a comprehensive review 
of existing initiatives and literature on digital building permits and automating code checking. In addition to 
evaluating scientific papers, regulations (such as ISO-19650) and technical publications, documents issued by 
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the Regulatory Room of buildingSMART International, and ongoing projects by the European Network for 
Digital Building Permits (EUnet4DBP) were considered. 

Then, the data collection to carry out the surveys occurred through digital questionnaires formed by 
multiple- choice questions and a five-level Likert scale. The sample of stakeholders from the AEC sector 
involved in the building permitting digitisation belongs to a large Brazilian municipality with around three 
million inhabitants. The first questionnaire was answered by professionals responsible for checking projects in 
the municipality. At the same time, the second was aimed at professionals involved in building permits, such 
as applicants and designers. 

The analysis of the collected data will allow investigating the perception of internal and external 
professionals about the actions taken by the municipality during the internal stage for developing the 
automated code checking system and promoting changes in processes, policies, and organisational culture. 
Finally, the discussion stage of the results aims to formalize this research's theoretical and practical 
contributions. 

FINDINGS 
Preliminary results reveal the municipal team's perception of digitalisation in aspects such as expectations 

and reliability in automated checks, the degree of familiarity and operability with the platform, the degree of 
motivation and satisfaction with organisational training actions, and with the implementation process. 

The survey with external stakeholders from the local AEC sector indicates the perception of professionals 
about digitalisation in terms of the degree of companies’ readiness to submit a design in BIM for planning 
approval, awareness of the requirements during the preparation of the model and classification of elements, 
adoption of ISO-19650, expectations regarding deadlines for obtaining permits and reliability in automated 
checks, the value generated for the AEC sector and the degree of satisfaction with the implementation process. 
A comparative analysis of the perceptions of internal and external stakeholders regarding the digitisation of 
the municipality was conducted to identify discrepant views and opportunities for improvements to the 
implementation. 

One of the academic contributions is an in-depth analysis of a digitisation experience in a developing 
country to automate code checks and a greater understanding of municipalities' practices to accelerate the 
process and automate non-value adding necessary tasks. As a practical contribution, the perceptions identified 
can be used as inputs for improvements in digitisation and facilitate other municipalities to anticipate the 
alignment between the stakeholders that are part of the local AEC sector. Future research may conduct case 
studies and surveys in other international initiatives to investigate, in more detail, the implementation of these 
best practices within the organisational, procedural, and technological context of the municipalities. 
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USING DIGITAL TECHNOLOGIS FOR AUTOMATED IDENTIFICATION 
OF BUILDING PATHOLOGIES: A LITERATURE REVIEW 

 

Alisson de Souza da Silva1, Dayana Bastos Costa2* 

 

INTRODUCTION 
The assessment of building assets is essential for managers to assess structural integrity and operability, 

thus estimating maintenance or rehabilitation needs. However, this evaluation is usually based on information 
obtained through visual and manual inspections (Stochino et al., 2018) which are considered slow, laborious, 
expensive, and unsafe (Hoang, 2018; Ribeiro et al., 2020; Dais et al., 2021; Guo; Wang; Li, 2021). 

According to Kumarapu, Shashi, and Keesara (2021), digital technologies, such as drones and computer 
vision techniques are needed to overcome these building assessment limitations, automating these processes, 
making them more agile, safer, and more accurate. Therefore, seeking to contribute to research in this area, 
this study aims to identify the trends and capabilities of digital technologies for collecting and processing data 
used for the automated identification of pathologies in buildings. 

RESEARCH METHOD 
This study presents a Systematic Literature Review (SLR) to answer the following research questions: (1) 

“What digital technologies are being used for the automated identification of pathologies in construction?” (2) 
"How do these technologies help managers in decision-making?". The PICO (Population, Intervention, 
Comparison, and Outcome) strategy (Donato and Donato 2019) was applied to support the definition of search 
terms, as shown in figure 1. 

 

 
Figure 1- PICO Strategy 

The PRISMA (Preferred Reporting Items of Systematic Reviews and Meta-Analyses) guidelines were 
followed to perform the SLR, limiting the searches with inclusion and exclusion criteria. Initially, the searches 
were carried out in the Scopus, IEEE Xplore, and Web of Science databases, identifying 132 articles. The 
inclusion criteria established were: (1) Articles that have the search terms at least in the title, abstract, or 
keywords; (2) Applications in the area of AECO (Architecture, Engineering, Construction, and Operation), 
buildings and infrastructure, and (3) Articles published in high impact journals. The exclusion criteria were: 
(1) Subarea: Engineering, Language: English and Document type: Articles, (2) Articles with duplication 
between the databases, and (3) Publications outside the topic. After the inclusion and exclusion filters, the 
final sample consisted of 29 articles. 

FINDINGS 
The 29 articles selected in the sample are distributed in 17 journals. The journal with the highest number 

of publications is Computer-Aided Civil and Infrastructure Engineering, with four publications, followed by 
Automation in Construction and Sensors, with three publications each. The other journals had two and one 
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publication, respectively. The articles were also grouped according to the typology of construction studied. 15 
publications (51.73% of the sample) used digital technologies to automate the pathologies identification 
regarding infrastructures such as bridges, roads, and steel and concrete structures. Ten publications (34.48%) 
used digital tools in building elements such as walls, roofs, and facades, and finally, four papers (13.79%) 
considered both building and infrastructure. In addition, the digital technologies used were analysed. 

DATA COLLECTION TECHNOLOGIES IN THE AUTOMATED IDENTIFICATION OF 
PATHOLOGIES IN BUILDINGS 

The sample shows that the primary digital technologies for data collection were drones with attached 
cameras. Most of them were commercial drones from Da-Jiang Innovations (DJI) like the DJI Phantom with 
GoPro Hero 3 attached (Ellenberg et al., 2016), the DJI F550 (Kang; Young-Jin, 2018), the DJI Matrice 100 
(Ayele et al., 2020), the DJI Matrice 600 Pro (Ribeiro et al., 2020; Zhu et al., 2022), the DJI F450 Quadcopter 
(Oh et al., 2021), the DJI Ryze Tello (Bouzan et al., 2021), among other models (Vetrivel et al., 2018; 
Morgenthal et al., 2019; Kung et al., 2022). Also, proprietary models have been proposed, such as climbing 
drones (Jiang; Zhang, 2020; Hoskere et al., 2020). 

Furthermore, Valença et al. (2017) used images collected by drones, terrestrial photographs, and laser 
scans. Similarly, Castagno and Atkins (2018) and Bhowmick, Satish, and Ashok (2020) used georeferenced 
satellite and satellite imagery point clouds from drone flights with LiDAR (Light Detection and Ranging). Some 
authors used high-resolution manual cameras to obtain images with depth and RGB information (Red, Green, 
and Blue) (Kim et al., 2021). 

Other authors used images from literature databases (internet) due to the practicality, quantity, and quality 
of images available for training since these are crucial factors for the efficiency of the process (Vijayanandh 
et al., 2017; Flah et al., 2020; Ghosh Mondal et al., 2020; Liu et al., 2020; Le et al., 2021; Perry et al., 2022). 

DATA PROCESSING TECHNOLOGIES IN THE AUTOMATED IDENTIFICATION OF 
PATHOLOGIES IN BUILDINGS 

The sample shows that most authors used artificial intelligence and machine learning subsets such as 
Convolutional Neural Networks-CNN (Kang; Young-Jin, 2018; Yeum et al., 2019; Flah et al., 2020; Bouzan et 
al., 2021; Zhu et al., 2022). Several studies used CNN subsets such as AlexNet (Dorafshan et al., 2018; Yeum 
et al., 2019), MaDnet (Hoskere et al., 2020), ImageNet (Kung et al., 2021), U-Net (Bhowmick et al., 2020; 
Perry et al., 2022), among others. 

The system proposed by Wu et al. (2021) used RBG-Net_LWLC + ME and could detect rail surface defects 
efficiently while remaining at a reasonable processing speed. Le et al. (2021) proposed a CNN model that 
achieved excellent classification performance, being precision (96.5%), recall (98.8%), specificity (96.6%), 
and score (97.7%) for the test dataset. 

Moreover, some authors used more than one processing method to compare the most efficient one to 
machine learning subsets. Oh et al. (2021) used three contour detectors, Sobel, Laplacian, and Canny 
algorithms, concluding that the Canny algorithm presented the highest performance. Besides, Zhu et al. (2022) 
used three algorithms to train the proposed method, Faster R-CNN, YOLOv3, and YOLOv4. The algorithm with 
the highest performance was YOLOv3 because it is robust in recognizing cracks in different environments. 

CONCLUSIONS 
A systematic literature review was carried out to identify trends and capabilities of digital data collection 

and processing technologies used for the automated identification of building pathologies. The results showed 
that drones with attached cameras were the most used digital technologies for data collection due to the 
speed and safety of this process. Machine learning subsets, mainly Convolutional Neural Networks (CNN) and 
their subsets, were the most used digital technologies for data processing because they present good 
performance, accuracy, and precision in this process. 

There is an opportunity for further research in the technical and managerial areas when analysing the 
articles. Future research is required to improve the robustness of processing algorithms, seeking to identify 
problems and classify, differentiate or extract characteristics that can support managers in decision making. 
Furthermore, as processing performance depends on the quality of the data collected, surveys integrating 
more than one technology during collection can broaden the scope and capture more information about the 
object of interest. 
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The literature review shows that most studies were carried out in buildings during the use and occupation 
stage, creating opportunities for research during the execution stages once many pathologies arise during 
construction. In addition, incorporating the information obtained through automated inspections in the quality 
control process during execution can bring agility and effectiveness to this activity. 
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INSIGHTS ON THE DIGITAL TRANSFORMATION IN BRAZILIAN 
CONSTRUCTION COMPANIES FROM A SOCIOTECHNICAL 

PERSPECTIVE 
 

Luara Lopes de Araujo Fernandes1 and Dayana Bastos Costa2* 

 

INTRODUCTION 
The construction industry is under significant change resulting from the fourth industrial revolution, 

transforming it into a digitally developed trade (Alaoul et al., 2018). According to Tilson et al. (2021), 
digitalisation is "a sociotechnical process of applying digitising techniques to broader social and institutional 
contexts that render digital technologies infrastructural." In this process, organisations will need to understand 
how to use strategically and operationally digital technologies to access new opportunities and increase 
profitability (Boulton and Lamb, 2019). 

However, differently from other sectors, construction has difficulties to embrace the opportunities offered 
by technology and advances in data management (Sawhney et al., 2020). Industry 4.0 is a significant 
challenge for the industry because of its low innovation culture and the demographics of its business, with a 
majority of small and medium enterprises with diverse technological maturity levels (Klink and Turk, 2019). 

Therefore, this paper presents insights of an exploratory study that aims to analyse the digital 
transformation (DT) process in Brazilian construction companies from sociotechnical perspectives. In this 
study, the sociotechnical environment combines social, technical, and operational factors (Vlachos et al., 
2021). 

RESEARCH METHOD 
Case study was the research strategy adopted in this work. The data collection consisted of ten interviews 

carried out in six organisations. Four of the interviewed organisations are from the construction sector (A, B, 
C, and D), which is the focus of the analysis of this paper, and the other two are from the manufacturing 
industry (α and β). Organisations α, B, and D are in a more advanced phase of the DT (follow-up and 
continuous improvement), and organisations β, A, and C are in the initial ones (awareness and digital 
technologies/trends implementation). A semi-structured script was developed to guide the interviews. The 
questions address social (workforce and business culture), technical (digital technologies/trends and work 
environment infrastructure), and operational factors (processes and performance measurement). All 
interviewed companies were either medium or large-sized. 

FINDINGS AND DISCUSSION 
The social factors analysed address workforce and business culture. Regarding a digital transformation 

strategy, the results showed that organisations A and D did not have a specific strategy related to DT. Company 
B’s strategy was related to a mindset change towards DT, and C’s strategy focused on BIM (Building 
Information Modelling) implementation. According to Hess et al. (2016), to ensure that companies capture the 
business value of digital transformation, they should carefully develop a DT strategy aligned with other 
operational or functional strategies. 

Organisations A, B, and D did not have centralised digital transformation coordination, and each department 
managed the digitalisation according to its needs. Organisation D specified that this practice is causing a lack 
of interoperability among systems, and some technologies will need to be replaced as they cannot be 
integrated with others. This issue can result in more costs, delays, and rework.  

The new skills pointed out by interviewees as required for DT were soft skills, resilience, change 
management capacity, flexibility, risk appetite, integration capacity, and technical skills. The four interviewed 
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companies indicated they did not renew the staff to meet digitalization requirements but trained the existing 
workforce. The main barriers perceived by the interviewees were related to the new capabilities, changes in 
mindset, cost, and workforce resistance to digitalization. 

The technical factors comprise digital technologies/trends and work environment infrastructure aspects. 
Some examples of digital technologies applied in construction are BIM, common data environment, unmanned 
aerial vehicle, Virtual Reality/Augmented Reality (AR/VR), Artificial Intelligence (AI), cyber security, big data 
and analytics, blockchain, laser scanner, sensors, Internet of Things (IoT), among others (Forcael et al., 2020). 
The digital technologies/trends mentioned as implemented by the four interviewed companies were tablets, 
BIM, cloud computing, VR/AR, and specialized platforms. Other digital technologies/trends cited were AI, 360º 
cameras, laser scanners, sensors, and IoT. Significant financial efforts were related to equipment acquisition 
and software licenses. Organisations A, C, and D involved consultants to support the implementation of some 
digital technologies/trends, especially BIM. Concerning changes in the work environment infrastructure, the 
main modification highlighted was replacing old computers with machines compatible with the new digital 
trends. 

Operational factors include processes and performance measurement. The most mentioned processes 
impacted by DT were design, planning and control, and costs. The production process was influenced only in 
organisations A and C, while organisation D said it was the least affected. Regarding performance 
measurement, the four companies indicated that DT provided faster and more reliable data, improved 
information flow, and provided a quicker response, resulting in performance improvement. For organisations 
B and C, the indicators change and increase in number. In contrast, indicators remain the same for A and D. 
It is worth mentioning that the literature review has indicated updates in KPIs for the manufacturing sector in 
the digital context (Ante et al., 2018; Kamble et al., 2020; Frederico et al., 2020). 

Compared with manufacturing companies, the main differences identified refer to the DT process itself. In 
construction, DT is linked with implementing and adapting technologies in traditional processes. Nevertheless, 
in manufacturing, it is about digitalising the entire production and management systems industry. 
Furthermore, manufacturing has the DT process more widespread at different hierarchical levels, while 
construction still focuses on the strategic and managerial levels. This issue can relate to the digital 
technologies/trends long time use in manufacturing, resulting in a shorter path to a more comprehensive DT. 
It is also worth mentioning that a large part of the operational workforce on construction had little or no formal 
education (some workers are not even literate), making training and adaptation to digital reality challenging. 
Another highlight is the development of specialised digital solutions, observed in organisations α and A. In α, 
the digital solutions are for internal use and external purchase, creating opportunities for new business and 
enabling faster payback. 

In addition, some interviewees questioned the concepts of construction 4.0 and digital transformation, 
demonstrating a lack of knowledge about the digitalisation process and confusing it with the digitisation 
process. Digitisation converts information from the analog to the digital environment or automates processes 
through information and communication technologies (Hess et al., 2016). Digital transformation (or 
digitalisation) relates to changes those digital technologies provide to a company's business model, products, 
processes, and organisational structure (Hess et al., 2016). This differentiation has significant implications for 
organisational transformations because they can go on diverse paths depending on their desired final states 
(Ritter and Pedersen, 2020). Although there are efforts to digitalize some operations, the preliminary insights 
of this study suggest that the industry is still digitizing them. 

Furthermore, the industry seems to be still focusing on what digital novelties are more prominent in the 
market rather than concentrating on how to solve or improve business problems with the support of digital 
technologies. 

Finally, a maturity model can assist companies in the digital transformation process. Maturity models outline 
simplified maturity stages that measure the completeness of objects via different sets of multi-dimensional 
criteria (Wendler, 2012). It can enable the company's evolution monitoring, guide the establishment of goals, 
and promote benchmarking. Maturing systems grow their capabilities for achieving some desired future state 
(Schumacher et al., 2016). Moreover, according to Andersen et al. (2020), it is necessary to take maturity 
models as evolutionary reference models for future research and practice.  

CONCLUSIONS 
This abstract presents preliminary insights of an exploratory study that aims to analyse the digital 

transformation (DT) process in Brazilian construction companies. The main findings refer to social issues, such 
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as workforce resistance and lack of capabilities and knowledge towards digitalisation, challenges in diffusing 
a digital environment for other hierarchical levels, absence of digital strategies, and, in some cases, the lack 
of a coordination department for DT. This exploratory study is part of broader research in the context of a 
Ph.D. thesis, which aims to propose a maturity measurement system for an intelligent construction 
environment. 
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DEVELOPING A BLOCKCHAIN-BASED POST-CONTRACT WORK AND 
PAYMENT CERTIFICATION FRAMEWORK FOR CONSTRUCTION 

PROJECTS 
 

G. Thilini Weerasuriya1*, Srinath Perera2, Rodrigo N. Calheiros3 
 

INTRODUCTION 
The construction industry faces significant challenges due to defects and failures occurring in buildings. 

Examples include cracking in the building structures in the Opal Tower and Mascot Towers in New South 
Wales, Australia, the London Grenfell Tower fire, and many others (Hackitt 2018; Snow, Gorrey & Chung 
2019). Reasons for these failures include non-compliant construction and structural design (Hoffman, Carter 
& Foster 2019), unclear roles and responsibilities, and insufficient supervision by regulatory bodies (Hackitt 
2018; Love et al. 2020).  

Rigorous inspections, testing, and certification are required to identify non-compliance to standards and 
design (Velikova, Baker & Smith 2018), which should be properly traceable so that responsible parties can be 
identified and future failures are deterred (Hackitt 2018; Hoffman, Carter & Foster 2019; Shergold & Weir 
2018). Recommendations for improving compliance in the construction industry include collecting and sharing 
building information and intelligence, and maintaining sufficient documentation and record-keeping where 
stakeholders can view all certifications (Hoffman, Carter & Foster 2019; Shergold & Weir 2018).  

Accurate certification requires tracking complex information, including the quantity and quality of work 
executed by the construction contractors and numerous subcontractors. However, the literature has not 
revealed comprehensive systems for industry-wide traceability of certifications. Furthermore, the fragmented 
nature of the construction industry negatively impacts the effective interchange of data among various 
organisations and leads to low trust and traceability of certification data (Hewavitharana, Nanayakkara & 
Perera 2019). Therefore, the research question is to identify what measures can be implemented to ensure 
trusted and traceable certification of quality and progress of work and their related payments, enable 
acceptance of ownership of work, and deter disputes and fraudulent activities to ensure compliance in the 
built environment. 

BLOCKCHAIN TECHNOLOGY AND SMART CONTRACTS 
Blockchain technology provides a method of ensuring trusted and traceable data related to construction 

projects. A blockchain is a decentralised digital ledger that maintains a copy of the data on all nodes 
(computers) on a peer-to-peer network (Nanayakkara et al. 2019). Executed transactions will be stored as 
“blocks”, which are cryptographically linked digital records that require consensus from other nodes to be 
newly added to the blockchain. Once a block is added, it cannot be modified by a lone user. This ensures data 
immutability (Belotti et al. 2019). Records can be traced through any node in the network, which enables 
traceability and auditability of data.  

Other features of the blockchain include enhanced trust, transparency, integrity, and data security. These 
allow collaboration among users in a trust less environment (Perera et al. 2020). Therefore, data can be 
reliably stored in a blockchain to impart trust and traceability to construction certifications. Blockchain smart 
contracts are automatically-executed programs that enforce contract rules in a blockchain (Cong & He 2019). 
Smart contracts replace third parties by enforcing contract terms without human involvement, saving time and 
cost (Belotti et al. 2019; Nawari & Ravindran 2019; Shojaei et al. 2019). Smart contracts can enforce 
compliance requirements and payment terms to increase the likelihood of performance (Nanayakkara et al. 
2021a). 
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RESEARCH METHOD 
This research proposes a blockchain framework to track certifications of quality, progress, and related 

payments, and details of stakeholders, defects, and issues. The scope of the research will be within the 
construction industry in New South Wales, Australia.  

The research follows a hybrid methodology combining qualitative methods of data collection and software 
development methodologies. Primary data was gathered through expert forum interviews with construction 
consultants, including project managers, quantity surveyors, architects, engineers, and registered certifiers. 
The current process of certification of quality and progress of work and related payments, and its inefficiencies 
and limitations have been identified through the expert interviews. 

An integrated data model that enables data sharing among all stakeholders, and an integrated process 
model for a lean, streamlined, comprehensive certification process in construction projects has been designed. 
This is a major contribution to knowledge of the research. Hyperledger Fabric was identified as the most 
suitable blockchain platform to develop the system by following a systematic process protocol proposed by 
Nanayakkara et al. (2021b).  

The proposed models are being validated by a Delphi-based expert forum, and will be revised based on 
the interview inputs. Comprehensive software designs for a blockchain prototype will be created to reflect the 
revised integrated data and process models. A blockchain prototype will be developed based on the software 
designs, which will include smart contracts that automatically execute after necessary conditions are fulfilled, 
increasing the lean dimension of the framework. The blockchain prototype will contain distributed applications 
for stakeholders to access the stored data and interact with the blockchain. The final framework that consists 
of the revised data and process models and blockchain prototype will be validated through another expert 
forum. 

CONCLUSION 
The performance of projects, contractors, and consultants can be tracked over time in an immutable, 

transparent, and trustworthy manner within the blockchain system. Responsible parties for defects or incorrect 
certifications would be clearly identifiable as the blockchain provides traceability of data. This is expected to 
ensure contractors’ compliance of work and consultants’ ownership of certifications, leading to reduced 
building defects and failures. Reliable contractors and consultants could also be identified and the performance 
history of unreliable parties would be exposed through the blockchain. Providing a common platform for all 
stakeholders to interact on will increase communication and collaboration within construction projects. 
Ultimately, this would lead to enhanced performance within the construction industry. 
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MANAGING RISK IN PROJECTS WITH DIGITAL TWINS: A RISK 
SCIENCE PERSPECTIVE 

 

Irem Dikmen1* 

 
A digital twin is a virtual representation that serves as the real-time digital counterpart of a physical object 

or process. A closed-loop digital twin technology (DT) integrates BIM, IoT, and data mining techniques where 
IoT connects the physical and cyber world to capture real-time data for modelling, analysis and simulation to 
discover hidden knowledge (Pan and Zhang, 2021). DTs are aware of their own context, capable of 
autonomous decision-making and adapting themselves to the systems within which they operate (Hribernik 
et al., 2021). DT’s value is related with the knowledge it delivers for improved decision-making.  

In this abstract, reflections on the role of DTs for risk-informed decision-making in construction projects 
are be discussed utilising a risk science (RS) perspective. RS, studied in fields as diverse as mathematics, 
engineering and social sciences such as sociology and philosophy, aims to provide guidance on concepts, 
principles, methods and models on how to understand, characterise, assess, communicate and manage risk 
(Aven, 2016). 

The Society of Risk Analysis, established by the international RS community in 1980s, aimed to establish a 
common scientific platform and developed a risk glossary (2015) as well as core subjects of risk (2017). 
Different schools within RS, such as technical, cognitive, socio-cultural and constructivist schools concentrate 
on different epistemological dimensions, assessment methods and recommend different policies for managing 
risk, which are also applicable for project management.  

Project Risk management (PRM) is focused on understanding risks in a project, assessing their impacts and 
devising strategies to reduce them to a tolerable level. Although PRM in construction research is very rich in 
terms of quantitative assessment methods assuming risk as an objective fact (Taroun, 2014), there are limited 
studies that conceptualise risk from social construction perspective (Willumsen et al., 2019). Technical school 
that considers risk as a quantifiable factor based on probability and impact values dominates the literature 
whereas RS schools such as constructivist and socio-cultural schools have been rarely investigated. From the 
technical perspective, availability, quality and structure of information that can be used to quantify risk are 
conceived as critical success factors for risk analysis. From this perspective, with the increased number and 
quality of data about the past, present and future conditions of projects, DT can lead to several changes and 
improvements in PRM such as;  

Better prediction: Anticipating the future is about applying some model of the project that connects the 
past and present to the future by a set of data. Predictive models have their own uncertainty. With increased 
number and quality of data, epistemic uncertainty is decreased and reliability of probabilistic models can be 
increased. On the other hand, it has to be noted that digitalisation is imposing new risks of security, 
underperformance and create deep uncertainty due to technological novelty and complexity. Moreover, 
Thamhain (2013) argues that industry is efficient in analysing known risk factors, but weak in dealing with 
unknown risks. Whether DT can make reliable predictions for unknown risks (black swans) is not clear yet. 

Revealing hidden knowledge: Causation is a foundational issue of risk and the challenge of including 
causally relevant knowledge from the local context has been stressed by various authors (Anjum and Rocca, 
2018 ). Hidden knowledge on context and causation can be revealed by data analytics and AI. DT may unhide 
the causal emergence paths of risk events resulting in better informed decisions on risk mitigation as well as 
improving learning from risks.  

Lower contingency: Precautionary principle widely used in RS is a broad epistemological approach to 
innovations/actions with potential for causing harm when extensive scientific knowledge on the matter is 
lacking. In the engineering context, it manifests itself as the factor of safety and project management context 
as contingency. Debate exists over how to define and apply it to complex scenarios. Data analytics may reveal 
patterns and decrease uncertainty, thus theoratically, it may lead to lower contingencies on project time and 
cost.  
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Automation of PRM processes: All stages of PRM require human input with some expertise. RS is very rich 
in developing expert knowledge elicitation (EKE) methods. On the other hand, humans use mental shortcuts 
or heuristics that can result in bias in both predictions and assessment of uncertainty surrounding predictions 
(Kahneman and Tversky, 1984). With DT, less human involvement will be possible, decreasing bias. Major 
tasks of risk managers are setting up the project risk management system and running the processes with 
data/knowledge mainly gathered from EKE sessions. Thus, the role of a risk manager may change with DT 
technology. RM will be more about defining data requirements and models, whereas processes can be 
automatically carried out by a virtual risk manager.  

In this abstract, reflections on how PRM and the role of a risk manager may change with DT technology 
will be presented and research ideas will be depicted considering different schools in RS. Positivist research 
methods such as simulation can be used to test the impact of big data and automation on PRM processes for 
inductive theory building. On the other hand, from a sociological perspective, risks involving social interaction 
are not necessarily better assessed by more information. PRM is about making sense of complex project 
systems. A shift from technical towards social processes in RM is proposed to cope with complex governance 
regimes where different interests of stakeholders need to be considered, balanced and negotiated. Interpretive 
data collection methods from social sciences such as case studies can be used to make sense of the behaviour 
of stakeholders during risk-informed decision-making and how DT can be used to simulate and support related 
processes. DT has a potential to unify different schools in RS if it can connect the physical, social and cyber 
world, and simulate projects as complex adaptive socio-technical systems.  
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OBSTACLES TO THE IMPLEMENTATION OF DIGITAL TWINS: A 
REVIEW IN THE CONSTRUCTION INDUSTRY 

 

De-Graft Joe Opoku1*, Srinath Perera2, Robert Osei-Kyei3, Maria Rashidi4, Keivan Bamdad5 

 

INTRODUCTION 
The advent of industry 4.0 gave rise to an array of digital technologies, including digital twins (DTs). DTs 

present the opportunity to develop digital models, which can be continually updated using several data sources 
to predict physical assets’ current and future conditions. These models can be simulated for real-time 
predictions, optimisation, monitoring, controlling and enhanced decision making regarding the status of a 
physical asset. In addition, DTs utilise other technologies, including artificial intelligence (AI), machine learning 
and data analytics. Due to the prowess of DTs, the construction industry, with its numerous challenges, have 
started DTs applications. Technologies such as building information modelling (BIM), Wireless Sensor 
Networks (WSNs), data analytics, and machine learning are currently supporting the adoption of DTs in the 
construction industry.  

Several studies (Boje et al. 2020; Sacks et al. 2020; Opoku, DGJ et al. 2021) have studied DTs in 
construction and established their relevance. For instance, Opoku, DGJ et al. (2021) indicated that DTs are 
necessary for facility management since they can be employed in ‘what-if’ analysis in decision making 
regarding the operation and maintenance of the building. Researchers and practitioners are currently 
discovering the numerous potentials of DTs in the construction industry. There is, however, a misconception 
in the construction industry where DTs are likened to BIM due to their similarities (Khajavi et al. 2019). Opoku, 
D-GJ et al. (2022) and Khajavi et al. (2019) reported their differences based on their purposes, technologies, 
and end-users. 

Notwithstanding the advancement of DTs in the construction industry, it is essential to answer the question, 
“What barriers impede the prompt adoption of DTs in the construction industry?”. Unfortunately, little attention 
has been geared toward the barriers hindering DTs adoption in the construction industry. Though there have 
been several reviews (Alshammari et al. 2021; Deng et al. 2021; Opoku, D-GJ et al. 2022; Opoku, DGJ et al. 
2021) on DTs in the construction industry, they did not pay enough attention to the barriers to DTs adoption. 
Thus, there is yet to be a study that comprehensively reviews the literature on the barriers to adopting DTs 
in the construction industry. This hinders the preparedness to fully embrace DTs in the construction industry. 
Therefore, this research aims to identify and rank the barriers to adopting DTs in the construction industry to 
support a roadmap for its adoption in the construction industry.  

RESEARCH METHODS 
Using a systematic literature review (SLR), the study utilised three databases including Scopus, Web of 

Science and ScienceDirect to identify the barriers to the adoption of DTs in the construction industry. Firstly, 
a search for the literature was conducted using Scopus database where a comprehensive search was carried-
out using the keywords with appropriate Boolean operators: (“digital twin” OR “virtual counterpart” OR “digital 
replica” OR “virtual twin”) AND (“barriers” OR “challenges” OR “obstacles” AND (“construction” OR 
“construction industry”)), with no limitation in terms of the year (search on February 27, 2022). However, 

 
1 Centre for Smart Modern Construction (c4SMC), School of Engineering, Design and Built Environment, Western Sydney 
University, Australia. ORCID 0000-0003-2557-5268 
2 Centre for Smart Modern Construction (c4SMC), School of Engineering, Design and Built Environment, Western Sydney 
University, Australia. ORCID 0000-0001-9218-9282 
3 Centre for Smart Modern Construction (c4SMC), School of Engineering, Design and Built Environment, Western Sydney 
University, Australia. ORCID 0000-0003-4121-1958 
4 Centre for Infrastructure Engineering (CIE), School of Engineering, Design and Built Environment, Western Sydney 
University, Australia. ORCID 0000-0003-2847-3806 
5 Centre for Smart Modern Construction (c4SMC), School of Engineering, Design and Built Environment, Western Sydney 
University, Australia. ORCID 0000-0002-6091-2736 
* Corresponding author Email: d.opoku@westernsydney.edu.au 
 

mailto:19621409@student.westernsydney.edu.au


 
 9th International Workshop   
 WHEN SOCIAL SCIENCE MEETS LEAN AND BIM: TOWARDS INDUSTRY 5.0 
 

44 

“article” or “review” was selected for the type of document since they provide the most reputable and 
influential sources of knowledge (Santos et al. 2017).  

The initial search resulted in 54 papers, whilst an additional search carried out using Web of Science and 
ScienceDirect added to the initial search yielded 86 papers. This was done to ensure that an acceptable number 
of papers were captured for the study. After a more critical and comprehensive examination of the 86 papers, 
43 academic publications relevant to the study were identified. A content analysis of the 43 papers resulted 
in identifying 38 barriers to adopting DTs in the construction industry. Whilst some publications listed some of 
the barriers in tables and charts, other papers required detailed content analysis to discover the barriers. The 
identified barriers were then ranked based on the number of publications mentioning the identified barriers. 
Future studies are planned to empirically test the identified barriers among construction stakeholders to draw 
a quantitative analysis of the identified barriers. 

RESULTS AND DISCUSSION 
The findings from the systematic review disclosed the top five barriers to the adoption of DTs in 

construction: low level of technology acceptance, low level of knowledge, lack of competence, lack of trust in 
data security, and legal and ethical issues. The “low level of technology acceptance” was identified by 21 out 
of 43 different papers constituting 49% of the total number of reviewed papers. This barrier was ranked first 
out of the 38 identified barriers to adopting DTs in the construction industry. It is worthy to note that this 
finding has been a significant challenge within the construction industry, as confirmed by several studies (Li 
et al. 2019; Oettinghaus 2019; Opoku, D-GJ et al. 2022). Opoku, DGJ et al. (2021) mentioned that the 
ambiguities regarding DTs and BIM had hindered their smooth acceptance due to their similarities. The “low 
level of knowledge” barrier was ranked second out of the 38 identified barriers. Twelve out of 43 publications 
reviewed confirmed this barrier. Several individuals and organisations have misconceptions about the potential 
of advanced technologies like DTs, BIM, blockchain and the like in tackling challenges of the construction 
industry, and this has resulted in their abandonment and lack of knowledge and understanding of these 
technologies (Perera et al. 2022; Winfield & Rock 2018). 

Further, “lack of competence” was ranked third out of 38 identified barriers, and it is a crucial aspect for 
consideration if DTs are to be successful within the construction industry. Competency is always one of the 
most potent criteria for success. However, a lack of competency may hinder the successful adoption of DTs in 
the construction industry (Perera et al. 2022). The “lack of trust in data security” barrier was the fourth-ranked 
barrier to adopting DTs in the construction industry. Since DTs operate by connecting the physical and the 
digital model using large volumes of data, data becomes a significant component in a DT (Tao et al. 2018). 
For this reason, industry practitioners and players are highly concerned about the security and trustworthiness 
of data in DTs. Finally, the fifth-ranked barrier to adopting DTs in the construction industry was “legal and 
ethical issues”. As stated earlier regarding data in DTs, legal and ethical issues relating to data breaches hinder 
the smooth adoption of DTs and other technologies like BIM in the construction industry (Winfield 2018).  

CONCLUSIONS 
The findings from this study can help propel DTs adoption in construction and aid stakeholders to identify 

adequate strategies to overcome these barriers. In addition, this study will broaden the knowledge base on 
the application of DTs and their associated barriers, which is essential for the successful utilisation of DTs in 
the construction industry. 
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MANAGEMENT OF CUSTOMER COMPLAINTS IN RESIDENTIAL 
BUILDING PROJECTS USING SPATIAL ANALYSIS AND BUILDING 

INFORMATION MODELS  
 

Jordana Bazzan1*, Carlos Torres Formoso2, and Márcia Echeveste3 

 

INTRODUCTION 
Customer complaints have negative consequences in the construction industry, such as reduction of profits 

and negative impact on the companies’ image (Fauzi et al., 2012; Pan and Thomas, 2015). Therefore, 
complaint records must be managed and used to understand the causes of defects as well as to implement 
improvements in future projects (Brito et al., 2011; Forcada et al., 2016). According to El-Adaway (2017), 
successful projects are not those that attain a minimal number of claims, but rather those with the best 
handling of claims. Complaint management is a major challenge that real estate companies face in the business 
environment (Kululanga et al., 2001), as records are often incomplete and unstructured (Brito et al., 2011; 
Cupertino and Brandstetter, 2015).  

Some studies have explored the analysis of large complaint databases, but the majority are from non-
residential building projects that have a company in charge of facilities management. Those research studies 
are not usually concerned with the identification of improvement opportunities at the design and production 
phases, but with improving maintenance plans (Peng et al., 2017; Gunay et al., 2018; Bortolini and Forcada, 
2019; Gómez-Chaparro et al., 2019). Moreover, existing databases often have limitations due to poor data 
collection, and there is a lack of academic studies exploring improvements in data collection and analysis of 
customer complaints. Some investigations have attempted to use Building Information Models (BIM) to 
visualise work orders (Motamedi et al., 2014; MacArthur et al., 2018) and extract information from building 
components (Chen et al., 2018), indicating that BIM can be used to communicate problems to maintenance 
teams, and can potentially be used to error detection. 

Therefore, there is a knowledge gap on how to manage customer complaints to improve building quality 
in future projects. This paper reports the preliminary results of an ongoing doctoral research that aims to 
propose a customer complaint management model in house-building companies to provide feedback to quality 
management systems. Some components of this model include improvements to data collection, procedures 
for data analysis based on Spatial Statistics, and communication of results using BIM. Spatial Statistics can be 
used to explain an event, considering data distribution over space and time (Bailey and Gatrell, 1995), variables 
that must be considered in building defect analysis. Moreover, BIM will be used to support and communicate 
the Spatial Statistic results, as it allows a spatial geometric representation of building parts and different types 
of simulations, considering the time dimension. The potential users of the complaint management model are 
house-building companies that want to improve the quality of their projects by making the most out of 
customer complaint data.  

RESEARCH METHOD  
Design Science Research (DSR) is the methodological approach adopted in this investigation. It aims to 

devise solution concepts, named artefacts, to solve classes of problems or improve performance (Van Aken, 
2004). The artefact to be devised in this investigation is a model to manage customer complaints in house-
building companies to provide feedback to quality systems. The target audience for the use of the artefact are 
warranty service departments that need to use information systems for properly managing customer 
complaints. This study has been developed in partnership with a large Brazilian real estate market company. 
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It has a warranty service department, in charge of dealing with complaints and providing repair services. 
The research includes three stages. First, an assessment of the warranty service process was made based 

on interviews with the company’s warranty service team members, participant observations of twenty 
customer services, and the analysis of an existing database. Based on that assessment, improvements to data 
collection of customer complaints were proposed. Second, some improvements have been tested and 
implemented, according to improvements identified in three workshops involving different sectors of the 
company. In those workshops, the focus of discussions were how defects should be recorded in the database 
(e.g., the most appropriate category) and which are the possible causes of the most important defects. Finally, 
the third stage, to be developed, refers to the use of spatial statistics for data analysis and integrating the 
data in the BIM product model. As a DSR project has refinement cycles, this last step will involve using the 
insights from previous steps to improve both data collection and the warranty service process. 

This abstract presents initial research results, which consist of the descriptive analysis of a database with 
11.513 records from 35 projects. The analysis was carried out using the R software, and focused on temporal 
and spatial features of defects to support the development of the model. In addition, an exploratory case 
study on the use of BIM was carried out, using a specific project with one year of occupation. The defect data 
were included in the model by adding parameters in BIM objects. Colour filters were used to visualise the 
information. 

FINDINGS 
As this is an ongoing investigation, some preliminary findings are presented in this section.  

Spatial descriptive analysis of data: data analysis indicated that some projects had a number of complaints 
significantly higher than the average, despite the project being considered as medium to high standard. This 
set of projects had similar design features that can contribute to identifying the causes of building defects. 
Most problems refer to bathrooms, bedrooms, and living rooms. The most frequent problems were leaks from 
water piping, leaks from windows, and cracks on vertical partitions. Solar orientation and design features will 
be further investigated to better understand the causes.  

The floor level also has a relationship with the occurrence of some defects. For instance, leaks from pipes 
can occur more in the first levels due to the high piezometric head. However, this feature was not identified 
due to data problems. For example, customer complaints usually describe the effect of leaks (e.g., moisture 
stains on the ceiling) and not the origin of the problem. The company does not systematically investigate and 
record the origin appropriately. Therefore, data on problems that depend on the level floor can be inconsistent. 
This problem was regarded in this investigation as an improvement opportunity in data collection.    

Regarding the time variable, in general, the number of defects tends to increase until the second year of 
warranty and, then, reduces until the end of this period. However, the electrical service problems had a 
different pattern, reducing the number of complaints from the first year. 

BIM Study: an interesting opportunity found in this investigation was the visualisation of leak patterns 
located on the corners of the building tower. According to the company, this problem occurred due to the 
detachment of components on the building’s facade, resulting in water leaks into the building. However, some 
challenges were observed: (i) the records did not have the necessary precision to store data in the model. For 
instance, it was not possible to identify which window among several ones had the problem. Precision is 
essential for considering solar orientation analysis, and this improvement in data collection should be 
implemented; (ii) Even with a rigorous data collection, it is a challenge to record the defect position in 
communal areas because they are large areas and usually do not have internal walls; (iii) BIM objects should 
be modelled according to the type of space as this is an important information. For instance, floor objects 
should be modelled for each space and housing unit, instead of the entire floor level; (iv) when an object or 
building part have more than one defect, it is challenging to visualise both information by using colours. Then, 
a possible alternative is to use the time simulation together to analyse them over space.  

CONCLUSION 
The research is expected to contribute to the improvement of warranty services in residential building 

companies and the development of more effective quality management systems in terms of providing 
feedback. These changes can turn the warranty service department into a sector closer to the engineering 
area and with a more strategic role in terms of business goals, by providing systematic feedback.  

As further steps, this study intends to develop a spatial statistics model to find patterns and understand 
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defect occurrence. Also, only the geometric visualisation of BIM models was used, and the time simulation will 
be implemented in the future. Finally, data inputs were carried out manually, and this study intends to 
automate this process.  
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INDUSTRY 5.0: IMPROVING CONSTRUCTION SAFETY USING 
WORKER-CENTRIC TECHNOLOGY  

 

Matt Stevens1* 

 

INTRODUCTION 
Industry 5.0 emphasises collaboration between technology and humans, enabling workplace resilience 

while following social values (Sindhwani et al. 2022). However, technology has not been fully integrated into 
the construction industry by any measure, most of it by choice. Moreover, the cost of time and money to 
adopt digitalisation is often prohibitive for most construction organisations. However, there are incremental 
improvements that most builders and subcontractors can implement and maintain that do not only improve 
the safety process but also their organisational culture. Safety results in the built environment have been 
unsatisfactory in many Western countries. The next significant increase in built environment investment will 
attract less experienced worker who as a group behave unsafely on a construction site.  

Presently, projects are constructed with more intensity and complexity. Advancements are needed to match 
this change. Industry 5.0 offers an integration framework of worker involvement who is the most plentiful 
observer with technology with speed, power, and confidentiality to minimise or eliminate most hazards. This 
paper asserts that understanding the social dynamics of the construction job site combined with practical 
technology can give measurable improvement to a core industry concern: workplace safety.  

Workers are the largest cohort on any job site, closest to hazards and safety focused. Main contractors and 
their subcontractors have a significant moral, ethical and economic motivation to reduce safety incidents and 
accidents to zero. Smartphone technology represents the most powerful and plentiful tool available to workers 
in capturing and communicating information. However, young people state they feel less influence in the 
workplace because of their age and work experience. Powerlessness is a word used to describe their feelings. 
Their hesitancy to voice safety concerns is a product of their sense of their supervisor's indifference, their lack 
of established competency, or that they might be fired. (Tucker and Turner 2013) Workers born two decades 
ago prioritise practicality and possess the confidence that could boost our built environment industry 
improvement further. It is an underperforming sector due to several factors, further hampered by COVID-19 
dynamics (Cook 2021) It is critical to note that most projects have a single safety manager due to their size 
and scope. This safety manager has multiple overwhelming duties, including walking the project, observing, 
and interpreting many possible hazards, including behaviours. The risk to workers is direct for a failure. Even 
though the workers should report more often and safety walks help, more worker messages with evidence 
can significantly assist and eliminate a step to keeping a project safe.  

This abstract introduces a safety process and straightforward mobile computing technology for construction 
safety management. A WSU team created a safety app to approach construction job site safety from an 
Industry 5.0 perspective. The result is a practical system that attempts to balance technology, reporting 
accuracy and worker confidentiality to increase job site safety. 

PRELIMINARY DEVELOPMENT 
Each invention proceeds through three phases linearly to create a product or service and bring it to reality: 

1) ideation 2) development in the lab and marketplace, 3) commercial integration, including deal-making 
(Isaacson 2014). 

The Agile Method was used in a construction-centric innovation incubator to develop this safety innovation 
idea. Few construction-centric innovation incubator experiences have been explored within the Agile 
framework in literature. Innovation incubators facilitate and direct creative thinking toward an identified 
problem.  

The WSU incubator team interviewed dozens of construction field and office personnel, deriving their 
insights, wants and needs. These interviewees represented both subcontractors and main contractors, 
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providing a view of the industry's safety process and information technology gaps. Furthermore, six sponsors 
took part in the incubator process requiring face-to-face reports during the 6-week term. Each of these 
meetings was a status presentation and a value assessment of the idea's current development. Iterative 
development resulted in improved processes and financial projections. 

CURRENT PROCESS AND TECHNOLOGY PLATFORM 
A beta version has been developed but not yet placed into the hands of the worker and their supervisor to 

prompt feedback and improvement. It has been published as "Good Day Safety" on the Google Play Console© 
but is going through review and programming before seeking practitioner review. 

The process is linear and structures the worker-generated electronic statement to be transmitted only to 
one person - their internal company responsible safety person (see Figure 1). Observing a hazardous condition 
begins a series of steps. The first - anonymous reporting – is shown in the literature to encourage more 
information to be shared than estimated. Next, the message is sent to the worker's safety leader on the 
project. This intermediary acts as a filter and expediter depending on the severity, probability, and duration 
of harm. The safety leader can quickly seek the facts about the hazard. In all, there are a dozen or more of 
these responsible safety persons acting in this way since a dozen or more subcontractors typically construct 
the work. Notably, the worker is not punished nor criticised for reporting due to anonymity. The app utilises 
standard encryption technology – an accepted method to assure confidentiality. Also, the system does not 
allow any data to remain on the smartphone. 

Figure 1: A proposed process of Worker-Centric Anonymous Hazard Reporting. 
The long-term value of this reporting process and equipment choice appears high. Workers will feel less 

exposed to the risk of being seen as a "trouble-maker" due to encryption. Safety managers will receive 
Increased hazard notifications and data, providing real opportunities to increase job site safety. Furthermore, 
critical metrics can be created and standardised. This information can produce a complete picture across 
projects and companies, such as safety rankings, hazard categories, sources, and elimination/minimisation 
cycles. Data and its analysis can be shared with external partners such as insurers, clients, and governments  
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DISRUPTIVE TECHNOLOGIES AND HUMAN INVOLVEMENT IN 
AUTOMATING CONSTRUCTION INDUSTRY TOWARDS INDUSTRY 5.0: 

A NEW ZEALAND PERSPECTIVE 
 

Azam Zavvari 1, Wajiha Shahzad2 and Monty Sutrisna3* 
 

INTRODUCTION: A BACKGROUND ON INDUSTRY 5.0:  
Industry 5.0 leads the way to bring human involvement back to the automation process, so humans work 

collaboratively, better and faster with robots. Various works of academic literature and industry reports have 
been published on the concept of ‘Industry 5.0’ since 2015, which introduced it as a transformation from 
virtual to physical, return of the human involvement by using collaborative robots that help personalise 
autonomous manufacturing ( Özdemir & Hekim, 2018; Nahavandi, 2019;J avaid et al., 2020; Yuqian Lu et al., 
2022). Industry 5.0 can also be explained as a human-centric transformation from Industry 4.0. 

A recent report on Industry 5.0 by the European Union investigated the need and drivers of these notions 
and documented three drivers of industry 5.0: a human-centric approach, sustainable development, and 
resilience for the next industrial transformation (Breque, De Nul, & Petridis, 2021). The industry 5.0 approach 
puts human interest, wellbeing, and needs at the centre of the production process. It is believed that industry 
5.0 will change the current technology-centric approach to the human-centric approach (Yuqian Lu et al., 
2022). “European Union Report” called it a transformative model considering and learning from the Covid 
pandemic (Stride, Renukappa, Suresh, & Egbu, 2021). Like other industries, the construction industry (Darlow, 
Rotimi, & Shahzad, 2021) has become more critical than before, and professionals work collaboratively with 
robots.  

THE CURRENT STATE OF INDUSTRY 4.0, INCLUDING NZ 
The main goal of industry 4.0 is to achieve automation and reduce human involvement in industrial 

processes while adding more intelligence between the devices and applications. Industry 4.0 connects 
advanced disruptive technologies such as Cloud Computing, Big Data Analysis, Artificial Intelligence (AI), the 
Internet of Things (IoT) / Industrial Internet of Things (IIoT), and Blockchain into a higher degree of 
automation. Cloud computing allows a significant amount of data storage in the cloud, and it is accessible in 
real-time at different locations (Yang Lu, 2021; Maddikunta et al., 2021). The large storage of data brings the 
construction to the era of big data analysis and the use of powerful Artificial Intelligence (AI) techniques to 
mine useful information. AI techniques and major development of its Machine Learning (ML) apply pattern 
recognition, feature recognition, and future prediction on construction and manufacturing data (Darlow et al., 
2021).  

IoT, for example, is an important technology that uses Radio Frequency Identification (RFID) and sensors 
or controllers that sense and monitor to send the data to the data bank on the internet for analysis and 
decision-making. IIoT is a subcategory of IoT that refer to the IoT technologies applied in the industrial and 
manufacturing concepts, which provide a deep insight into knowledge for companies. Blockchain technology 
from digital currency gets adopted in industry accounting and production activities (Haghnegahdar, Joshi, & 
Dahotre, 2022; Yang Lu, 2021). The New Zealand construction industry benefits from industry 4.0 for 
digitalization by discovering, adopting, and investigating more modern and intelligent technologies (Parente, 
Silva, Junior, & Uhlmann, 2022).  

THE NEED FOR CONSTRUCTION IN NZ TO MOVE TO INDUSTRY 5.0 
New Zealand is a relatively small and a micro-businesses oriented nation. A report by “New Zealand Small 

Business Council - 2019” published an estimation of the size of the companies listed as follows (1) companies 
with no employees 70.5%, (2) companies with 1-5 employees 19 %, (3) and companies with 5+ employees 
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10.5%. The micro-size companies give a unique environment to New Zealand, which applies in many of its 
industries, including the construction industry. Similar to other businesses, construction companies in New 
Zealand have their unique challenges.  

Amid the move through digitalisation for industry 4.0, the construction industry is currently still struggling 
for skilled workers, including up-skilling the current workers. Whilst industry 5.0 will apply a high degree of 
automation, there will still be a need for humans to upskill to the high technical level required to interface with 
this automation. Industry 5.0 introduces various novel concepts, for example, collaborative robots known as 
“Cobot,” which can help businesses to carry out their work faster and better (Kim, 2022). Thus, industry 5.0, 
will likely provide solutions to overcome the New Zealand’s skill shortage in its construction industry as long 
as the industry is able to adopt its skills, knowledge, and working practises. 

New Zealand construction industry is also taking quick leaps towards its transformation to a Net Carbon 
Zero industry. The sustainability focus of Industry 5.0 holds the real potential to enable the construction 
industry to achieve its sustainability targets. New Zealand legislation like Resource Management Act 1991 
emphasises sustainable development of the built environment and puts people and communities at the heart 
of the development process. More recently, New Zealand Government passed the Zero Carbon Amendment 
Act 2019 and agreed to make ambitious cuts in greenhouse gas emissions in the country (Bui, et al., 2021). 
The human-centric, sustainable, and resilient approaches are at the heart of Industry 5.0, which has the 
potential to transform the New Zealand construction industry so it can flourish for the benefit of the whole 
country. 

AIM AND OBJECTIVES 
This abstract reports the progress of a current research project aiming to devise a way forward for the 

New Zealand construction industry to fully embrace Industry 5.0. To achieve this aim, the objectives are: 1) 
to assess and evaluate the New Zealand construction industry based on applied technologies and where it 
stands based on digitalisation; 2) to identify the factors that may facilitate and accelerate the adoption of 
industry 5.0, and 3) to develop a framework for New Zealand construction industry to be ready for and fully 
benefit from Industry 5.0.  

The developed framework is envisaged to help construction professionals and clients to plan for advancing 
their technological capability and capacity to remain competitive in the construction industry in the future. 
One of the most important drivers of economic transformation is optimising future technology. In terms of 
contributions to knowledge, this research is expected to contribute to the continuous shaping and refinement 
of Industry 5.0 characteristics. The research method applied in this research can also be used as a valid 
method to conduct similar research in the future. 

RESEARCH METHOD 
In this study, a triangulation method is carried out using bibliographic analysis, literature review, and semi-

structured interviews with relevant companies and manufacturers in New Zealand’s construction industry. The 
bibliometric analysis is performed to identify a comprehensive range of articles on digitalisation in the 
construction industry 4.0 and 5.0 (Donthu, Kumar, Mukherjee, Pandey, & Lim, 2021). Then an in-depth study 
provided by literature review assisted the authors in the second stage to find out the challenges and 
opportunities towards industry 5.0 in New Zealand (Webster & Watson, 2002). Moreover, semi-structured 
interviews with industry experts will be conducted; the interview data will be analysed through qualitative 
content analysis. The authors will be able to increase the study’s reliability and validity by using the 
supplementary datasets offered by interview findings (Barriball & While, 1994; Kallio, Pietilä, Johnson, & 
Kangasniemi, 2016). 

For this study, as of now, we have completed the bibliographic analysis and literature review. Semi-
structured interviews with construction industry practitioners, involved with implementation of technology in 
their companies will be carried out to the point of saturation (Strauss & Corbin, 1998; Sutrisna & Setiawan, 
2016). The list of interview questions are currently being finalised with the aim to understand the perspectives 
of industry 5.0 and its potential benefits as well as challenges, existing tools and standard practices to 
determine the way forward for New Zealand’s construction industry to arrive at Industry 5.0.  

EXPECTED OUTCOMES 
The study is expected to enhance the understanding of industry 5.0, optimising its prospects for the New 
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Zealand construction industry. The outcomes from bibliographic analysis and literature review have been 
utilised to contextualise and design the semi-structured interviews, with the final outcomes envisaged to be a 
proposed framework to enable the New Zealand Construction industry to be fully prepared for adoption of 
industry 5.0. 
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THE IMPORTANCE OF OCCUPANT BEHAVIOUR WITHIN INDUSTRY 5.0 
 

Laura Almeida1*, Vivian Tam2, Matt Stevens3, Alan Todhunter4 and Peng Zhang5 

 

INTRODUCTION 
Occupant behaviour is one of the most complex variables impacting energy use in buildings. Its 

unpredictability and the different factors affecting how occupants perceive energy and building systems are 
highly relevant to driving modern societies toward sustainable developments (Hong et al. 2016). As Industry 
5.0 takes a more societal approach and considers the human-machine interaction a critical leveraging point 
for process optimisation, occupant behaviour is detrimental to the rational and optimal use of energy in 
buildings from a building sector perspective (Xu et al. 2021). Attaining the desired outcomes conceived by the 
United Nations with the 17 Sustainable Development Goals (SDGs) will be facilitated with a complete 
understanding of the variability of human behaviour. Moreover, minimising energy waste and increasing 
occupants’ value on energy use decision making in buildings is supported by the Lean philosophy on waste 
minimisation and improving resource efficiency (Francis and Thomas 2020). This research aims to promote 
awareness among building occupants on energy use and create an occupant behaviour database. 

BACKGROUND 
After Industry 4.0, defined as integrating smart technologies in Industry, Industry 5.0 emerges as the next 

logical step (Xu et al. 2021). With the focus on human-centric, sustainability and resilience approaches, 
Industry 5.0 incorporates the human interaction with the technologies implemented in Industry 4.0 
(Østergaard 2018). The human-centric approach sees people as the real value of any industry. Aligned with 
Lean Construction principles of generating value, people are no longer seen as mere costs but as new 
investments. Technology only makes sense if it is perfectly adapted and used by humans (Østergaard 2018, 
Xu et al. 2021, Francis and Thomas 2020). 

Moreover, the resilience and sustainable approaches focus not only on environmental impacts but also on 
preventing possible disruptions that may compromise modern societies' well-being and normal "functioning" 
(Xu et al. 2021). Energy is one of the key elements of modern societies and one of the major concerns of 
governments (World Energy Council 2022). Energy is subjected to resource availability, type, and geopolitical 
influences that impact its availability and prices.  

Recently, with the Ukraine crisis, significant increase in gas and oil prices was experienced. This affected 
not only transportation but also electricity production (World Energy Council 2022). Therefore, the urge to 
promote more energy-efficient systems and drive the world to decarbonised societies is more urgent than 
ever! The use of tools that incorporate Lean principles, such as the ‘Lean Energy Climate’, created by the US 
EPA in 2013, can be an excellent energy-efficient solution—promoting the efficient use of energy, and 
reduction in costs and impact on the environment, by encouraging users to identify areas with a waste of 
energy and implement Lean practices to improve them (Francis and Thomas 2020). 

RESEARCH PROBLEM 
Buildings represent 40% of the primary energy uses in a western country (IEA 2013). From a Lean 

Construction perspective, buildings are inefficient systems that ‘waste’ energy, incurring in high costs. Lean 
Construction focuses on reducing any ‘waste’ (Francis and Thomas 2020). The literature has identified that 
there is a gap between the energy predicted in the design and operational stages in buildings. According to 
Stazi et al. (2017) and Khashe et al. (2015), this gap may vary between 150 - 300 %. Increasing the energy 
performance in buildings and reducing their use is crucial to sustainable development.  
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There are several variables impacting the energy performance in buildings, being occupant behaviour one 
of the critical elements. Occupants affect energy use by more than 50% (Stazi et al. 2017). The difference 
between a good energy user and an intensive one may go up to 72% (Almeida et al. 2020a). Occupant 
behaviour is complex and needs a more profound understanding. It is impacted by several aspects such as 
social and psychological aspects, background, motivation, and demography (Hong et al. 2016). 

Moreover, the lack of awareness, misunderstanding and misinformation about the systems in buildings are 
some of the key elements that impact energy use in buildings. Past studies show that 81% of occupants lack 
awareness of how to efficiently use the systems in a building (Almeida et al. 2020a,b, Almeida et al. 2021). 
Promoting awareness to occupants is crucial in the new Industry 5.0 paradigm. Industry 5.0 highlights the 
collaboration between machines and humans. It prioritises the optimisation of machinery and people aligned 
with the environment (Demir and Cicibas 2017). Therefore, there is a need to align buildings toward a User-
Centred approach and demystify the 'intelligent' user because most occupants using technology in buildings 
have limited technical background. For example, only approximately 4 % of the population in Australia attests 
to some technical knowledge (ABS 2021). 

According to Francis and Thomas (2020), Lean Construction is a tool that can be used to identify several 
sources of wasted energy in buildings, existing and new. It can be used to estimate energy use and align with 
the prediction of energy during the design stage of a building. According to the previous authors, the following 
figure shows the different sources of energy waste that can be identified with Lean Construction in buildings. 

 

Figure 1 - Sources of energy waste that can be identified with Lean Construction (Francis and 
Thomas 2020) 

AIM AND OBJECTIVES 
This research aims to provide a practical contribution to knowledge on promoting awareness among 

building occupants. It is intended to change occupants' behaviours and attitudes to match their behaviours on 
energy use. The main objectives are to reduce energy use in buildings and their environmental impact on 
climate change; understand the different types of energy users, how energy is used and where; and 
understand all subjective components of occupant behaviour. In the first stage, residential and university 
buildings will be targeted. However, it is intended to cover all different building classes. 

METHODOLOGICAL APPROACH TAKEN 
This research suggests implementing a mobile computing application (app) to increase occupants' energy 

awareness by providing customised advice and real-time information related to energy uses and carbon 
emissions, aligned with the concepts of Industry 5.0. According to Xu et al. (2021), technology only makes 
sense if used to serve people and societies. With a human-centric approach, Industry 5.0 focuses on 
technologies that promote data storage, analysis and transmission; and efficient energy use and storage that 
may lead to a nation’s energy autonomy. 

In this research, the app is seen as the ‘machine’ mechanism with which humans will be interacting. It will 
receive real-time information from a platform connected to the building management system. The platform is 
the data storage and transmission element. Energy uses will be measured instantaneously and sent to 
occupants for their monitoring. The analysis, in this case, is performed by the occupants. Occupants will 
receive the information and analyse and act upon it. This system will enable an understanding of different 
types of occupants/users, how energy is used, and where by collecting and creating an occupant behaviour 
database, storing all the information collected during the research period. In addition, subjective aspects such 
as social, psychological, physiological and economic will be analysed and scrutinised. Similar to a Value stream 
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mapping (VSM), by understanding all the previous factors, a mapping of all the information related to occupant 
behaviour and different causes for waste of energy will be created (Francis and Thomas 2020). 

Additionally, the information collected and compiled in this research will be made available to be 
incorporated by designers during the design process of buildings. Francis and Thomas (2020) highlight the 
use of the Lean tool to understand the patterns in energy use and track the critical areas for energy loss, 
recommending improvement measures aligned with the aims and objectives of this research. 

PREDICTED RESULTS 
In Australia, there are approximately 7,760,000 households (ABS 2021). A typical household uses between 

19 kWh to 50 kWh per day, emitting an average of 12 tCO2 per year (ABS 2021). 

Considering the potential 96 % of the Australian population without technical background and 81 % lacking 
awareness, with a conservative approach of 50 % success, the potential impact of this research is avoidance 
of around 34 GtCO2 (34 TCO2)1 per year for the residential sector only. It is expected in this research a change 
in occupant behaviours and, consequently, a reduction in energy use, which will lead to the avoided 
greenhouse gas emissions referred to previously. 
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A CONCEPTUAL MODEL FOR UNDERSTANDING THE VALUE 
HIERARCHY OF HEALTHCARD BUILT ENVIRONMENTS AND SERVICES 

 

Giulie Anna Baldissera 1*, Carlos Torres Formoso2, and Patricia Tzortzopoulos3 

 

INTRODUCTION 
Value generation is one of the main purposes of the Lean Philosophy and it is achieved by the fulfilment of 

user’s requirements (Koskela, 2000). In the particular context of healthcare built environments (BE), value 
generation is concerned with service efficiency, as well as the quality of care throughout the healing process 
(Tzortzopoulos, et. al., 2009). Despite value-based healthcare being a growing field of research (Colldén, et 
al., 2017), the value concept is still a buzzword for the healthcare sector (Colldén, et al., 2017; Fredriksson et 
al., 2015). Due to the complexity, multidimensional character, and interrelated dimensions of the value 
construct, it requires further understanding (Sánchez-Fernández, Iniesta-Bonillo, 2007).  

The Means-End Chain (MEC) conceptual model, proposed by Gutman (1982), is a multidimensional 
perspective of value. In this approach, three levels of hierarchy are set: attributes (the most concrete level), 
consequences, and value (the most abstract level) (Reynolds & Gutman, 2001). The MEC approach is usually 
explored by using an interview method, named laddering technique, for the identification of each level of 
hierarchy (Leppard, et. al., 2003). As a result, a diagram, named Hierarchical Value Map (HVM) is produced, 
which represents the connections between these levels (Reynolds & Gutman, 2001).  Kumar, et. al. (2020) 
carried out a systematic literature review to identify papers concerning laddering interviews and hierarchical 
value maps in healthcare. However, they found a scant number (only 3) of eligible studies concerning patient’s 
values. Despite the contribution to those specific studies, further research is necessary, especially regarding 
the adoption of a multidimensional approach for value generation in healthcare built environments, considering 
that existing knowledge is highly fragmented. Moreover, considering the intangibility of the healthcare services 
(Zeithaml, et. al., 1985), and its inseparability from the BE (Hutton, Richardson, 1995), it is important to 
understand the interdependences between services and BE and their impact on value generation.  

Another useful conceptual framework for understanding value generation in healthcare is Healthscape 
(Hutton, Richardson, 1995), which has its roots on Bitner (1992)’s proposal for the retail market, named 
Servicescape. Healthscape is the influence perceived by different users of healthcare services brought about 
by the BE, analysing tangible elements (Hutton, Richardson, 1995). The main contributions of studies on this 
topic refer to the identification of a variety of concrete and abstract characteristics of healthcare BE (Codinhoto, 
et. al., 2009; Ulrich, et. al., 2010; Suess, Mody, 2018; Han, et. al., 2018). As there is a trend of users to reuse 
healthcare services, many studies explore cause-effect relationships. However, there is a gap of knowledge 
concerned with understanding the relationships between attributes, consequences and values.  

Against this background, the emerging research problem is “how to establish relation among main 
constructs regarding healthcare BE value generation considering an integrated approach with services and 
their impacts for different users?”. This investigation does not attempt to provide a universal model that will 
fit any healthcare facility. Instead, it acknowledges that each healthcare department has its specific 
characteristics and that is necessary for design professionals to understand them. Therefore, this research has 
two broad purposes. Firstly, it aims to identify the main constructs that must be considered in the development 
of hierarchical value maps. Secondly, a conceptual model will be devised for structuring and connecting these 
categories through a value hierarchy.  

RESEARCH METHOD 
The methodological approach adopted in this investigation is Design Science Research (DSR). The aim of 

this approach is to solve classes of real-world problems, by devising a solution concept, named artifact (Lukka, 
 

1 Building Innovation Research Unit (NORIE), Federal University of Rio Grande do Sul (UFRGS), Brazil. ORCID 0000-0002-
2094-7731 
2 Building Innovation Research Unit (NORIE), Federal University of Rio Grande do Sul (UFRGS), Brazil. ORCID 0000-0002-
4772-3746 
3 School of Art, Design and Architecture, University of Huddersfield, UK. ORCID 0000-0002-8740-6753  
* Corresponding author Email: giuliebaldissera@gmail.com 



 
 9th International Workshop   
 WHEN SOCIAL SCIENCE MEETS LEAN AND BIM: TOWARDS INDUSTRY 5.0 
 

 

61 
 

2003). This research work is based on two empirical studies. The first one was carried out in an Intensive 
Care Unit of a hospital (hospital A) and the second was held at an Emergency Department of another hospital 
(hospital B), both in Southern Brazil.  

The research design was divided into (Van Aken, 2004): (i) problem understanding, (ii) development and 
application of the solution; and (iii) evaluation and reflection about the solution. The first phase began by 
understanding the real-world problem, regarding healthcare BE, services provided, and the profile of the 
different users. Then a HVM was devised in both empirical studies. The second phase comprised development 
of the conceptual model, that arose from a set of analysis of the HVMs. So, the main constructs and possible 
interconnections were defined. The third phase consists of an evaluation of the artifact in terms of utility and 
applicability, and a reflection regarding the artifact’s practical and theoretical contributions. The main sources 
of evidence were: (i) document analysis, to understand the project design; (ii) non-participant observations 
regarding service routine; (iii) semi-structured interviews, based on the laddering technique with different 
users; and (iv) meetings with key-stakeholders to discuss partial results. This research is still under 
development, currently on the second phase of the investigation. Therefore, the conceptual model is still being 
devised. The following step consists of undertaken a focus group to discuss the research results. After that, 
the conceptual model will be tested and evaluated. 

CONCLUSIONS 
The main contribution of this research consists of a conceptual model for developing HVM for healthcare 

BE and its interdependences with services. The main theoretical contribution of this research lies on the 
definition of main constructs for understanding value generation and the relationship between healthcare BE 
and services.   

Regarding the practical contributions, this research intends to enlighten design teams with insights on the 
multiple factors to be considered in healthcare design. Once decision-makers understand the main 
relationships between healthcare facilities and services, this will facilitate decision making. Therefore, this 
conceptual model can be used either during the design process or for evaluating healthcare facilities along its 
occupation. 
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DESIGN PLANNING AND CONTROL OF FAST COMMERCIAL 
REFURBISHMENT BUILDING PROJECTS 

 

Douglas C. Hamerski 1*, Carlos Torres Formoso2, and Eduardo L. Isatto3 

 

INTRODUCTION  
Traditional project management approaches tend to be ineffective for design management in construction 

(Fosse and Ballard, 2016). The techniques based on those approaches are not able to cope with the complexity 
involved in construction projects and with the nature of design tasks (Fosse and Ballard, 2016). Design 
processes have high levels of uncertainty and often involve non-linear chains of interaction between different 
parties (Hamzeh et al., 2009). 

This study is focused on the context of fast commercial refurbishment building projects, in which client 
organisations need to manage multiple simultaneous projects carried out by suppliers. These projects have 
high levels of complexity (Egbu, 1995; Bryde and Schulmeister, 2012; Kemmer and Koskela, 2020): (i) a large 
number of stakeholders typically work together, and some resources are shared among different projects; (ii) 
a high level of uncertainty usually exists as some information are made available just after dismantling and 
stripping work have started; (iii) project scope can be unclear (design changes are demanded by clients and 
designers after the beginning of the production stage); and (iv) projects need to be developed within a short 
time frame. 

Some studies have reported successful implementations of the Last Planner System (LPS) in the design 
process (Hamzeh et al., 2009; Kerosuo et al., 2012; Fosse and Ballard, 2016). This planning and control model 
is strongly based on Lean Production, and to some extent is able to cope with the level of complexity that 
exists in design. However, there seem to be some gaps in the implementation of LPS in design, such as limited 
success in constraints identification and removal (Wesz et al., 2018) and the lack of metrics for assessing the 
impacts of LPS (Hamzeh et al., 2009), especially at the long-term planning level. These are specific design 
planning problems that are expected to be tackled by this study.  

In addition, the application of LPS has not been explored in the context of fast commercial refurbishment 
building projects. This is important as construction projects may have different types of complexity (Luo et 
al., 2016), which establish different requirements for planning and control systems. This can provide additional 
insights into how to adapt the LPS (originally developed for production) into the design process. 

Resilience Engineering (RE) is a theoretical framework that has been used as a reference for designing and 
managing complex socio-technical systems (Hollnagel et al., 2006). RE is concerned with the study and 
application of the concept of resilience, which is the intrinsic ability of a system to adjust its functioning prior 
to, during, or following events so that it can sustain required operations under both expected and unexpected 
conditions (Hollnagel et al., 2015). The concept of resilience has been explored mostly for safety management 
in several knowledge areas, such as healthcare, aviation, and construction. Mark and Semaan (2008) studied 
the role of resilience in collaboration in which they conducted an empirical study of people that experienced 
prolonged disruption through a war in their work and personal lives. The authors describe how technology 
played an important role in providing people with alternative resources to reconstruct, modify, and develop 
new routines, or patterns of action, for work and socializing. RE has not been explored much in other 
managerial process, such as planning and control in construction projects. The benefit of looking at design 
planning from an RE perspective is that new ways of dealing with complexity can be added or emphasised in 
the LPS. 

This research proposes a set of requirements for design planning and control systems focused on dealing 
with the complexity of fast commercial refurbishment building projects based on LP and RE. This research 
work is based on an empirical study that has been carried out in a department store company from Brazil 
(hereinafter referred to as Company A), which has a large portfolio of projects every year. This document 
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presents some initial results of this investigation. 

RESEARCH METHOD 
Design Science Research (DSR) is the methodological approach adopted in this investigation. The research 

process has been carried out in close collaboration and engagement of the professionals from Company A and 
suppliers, through a strategy similar to Action Research.  

The main activities developed to date are: (i) assessing the existing planning and control system; (ii) 
devising the first version of the new planning and control system; and (iii) implementing this first version in 
two different projects. Activity (i) involved 4 semi-structured interviews with Company A representatives, 3 
semi-structured interviews with different suppliers and the analysis of a large set of documents (eg., project 
charters, list of deliverables, long-term plans, design drawings, etc.). Activity (ii) involved 5 meetings with 
Company A representatives. Finally, activity (iii) involved participant observation in all design planning 
meetings of the two projects (13 meetings in Project 1 and 17 meetings in Project 2) and document analysis 
(especially the look-ahead and short-term plans of each project). The upcoming activities are: (i) to refine the 
first version of the planning and control system, including the creation of a new long-term planning tool based 
on the idea of reducing design batch size; (ii) to implement the refined version of the system in Project 3; and 
(iii) analyse the practical and theoretical contributions of this investigation. 

Project 1 (75 days of duration) is a store located in a shopping centre and Project 2 (90 days of duration) 
is a stand-alone street store. Design planning and control was implemented in a virtual environment using 
digital technologies, including video conferencing and the use of BIM. All meetings of the implementation 
process were carried out virtually through the Microsoft Teams®’ communication and collaboration platform. 
The design of each project was developed using Autodesk Revit®. 

RESULTS 
The design phase of Company A’s projects is divided into five stages: preparation (collecting data about 

the existing building), outline design, scheme design, design for legal requirements, and detail design. The 
duration of each stage lasts between 15 and 20 days. Before the beginning of this study, Company A had a 
standard planning and control system that was applied to all projects. This system was strongly based on a 
long-term plan produced at the beginning of each project in a CPM-based software. 

The first version of the new planning and control system was focused on look-ahead and short-term 
planning routines. The look-ahead efforts began before the beginning of the projects, in which a meeting was 
held with a planning horizon of the entire design duration. After that, look-ahead meetings were held at the 
end of each stage of the design process with a planning horizon of two stages ahead. Short-term planning 
meetings were held weekly. Part of these meetings was dedicated to the follow-up of the look-ahead plans 
and the identification and removal of emerging constraints. 

The implementation of the first version of the new system increased the effectiveness of the planning and 
control process of these projects: the projects were delivered on time, and the Constraint Removal Index 
(CRI) and the Percentage of Plans Completed (PPC) remained very close to 80% and stable. Both design 
managers and designers were very engaged in the quick removal of constraints. Participants highlighted 
decentralization and collaboration as the main benefits of the implemented practices. 

DISCUSSION 
From a practical point of view, it is expected that this work will bring insights regarding the development 

of a long-term planning tool and the proposition of innovative indicators for this level of planning and 
recommendations to improve constraints management. From a theoretical point of view, it is expected that 
this work will bring insights into how RE can be used to improve the implementation of LPS in design. 
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DIGITAL WHITEBOARDS AS A VISUAL MANAGEMENT STRATEGY TO 
SUPPORT COLLABORATIVE INTERACTIONS IN CIVIL ENGINEERING 

DESIGN 

 
Bárbara Pedó1*, Patricia Tzortzopoulos2, Lauri Koskela3 and Algan Tezel4 

 

INTRODUCTION 
The management of engineering projects requires organisational structures and information systems that 

encourages collaboration. Technological innovations in information management have the potential to enable 
interactions across physical boundaries, facilitating distributed collaboration. However, collaboration can still 
be considered a challenge, as well as a prerequisite for the development of digital innovations (Pershina et al. 
2019). This process was accelerated during COVID-19 pandemic, in which remote work has been encouraged, 
and the need for real-time information sharing, communication, and coordination increased.  

Visual Management (VM) can be defined as an information management strategy that supports 
collaborative interactions, common ground, and increased transparency (Formoso et al. 2002; Lindlöf 2014; 
Tezel et al. 2009). Thus, digital VM has the potential to improve communication and collaboration, nevertheless 
this has been poorly explored in the literature and practice. The adoption of digital VM is under accelerated 
development, so that there is limited knowledge on how the users adopt it. To date, the links between VM 
and digital solutions have been understudied in the literature (Tezel et al. 2015; Tezel and Aziz 2017), and 
there is still a research gap on how information is captured, recorded, shown and analysed via shared visual 
representations (Yusoff and Salim 2015). In addition, distributed working is often stated as a challenge 
because there is no support for the users who are actually collaborating with each other (Gumienny et al. 
2011), and the design of the digital systems frequently ignores the coordination requirements, such as the 
cognitive work of coordination and the dynamic interactions (Maguire 2019). Murata (2019), however, recently 
explored four scenarios for improving performance of VM with digital technology, expanding visual space, 
considering the temporal extension, supporting the entire problem solving process, and visualising 
geographically different places. 

The aim of this research is to devise a method for digital VM implementation, focusing on digital 
whiteboards, to support collaborative practices, such as the planning of activities in design. A method is 
described by March and Smith (1995) as a set of steps, e.g. guidelines, necessary to perform a task, based 
on a representation of the solution space (model) and a set of constructs. This method is meant to be a 
prescriptive contribution, supporting the development, refinement and use of digital visual management within 
design companies.  

RESEARCH METHOD 
The research adopted the Design Science Research approach, connecting practice and theory (Holmström 

et al. 2009) by solving real-world problems and contributing to the theory with innovative solutions (Lukka 
2003). There was a strong involvement of the researcher and the company in the development of the solution, 
with no dissociation of the solution development and evaluation (Sein et al. 2011). Thus, Action Research was 
the research strategy adopted. This investigation was carried out in collaboration with an infrastructure design 
and consultancy company from the UK through an ongoing Knowledge Transfer Partnership (KTP) project5. 
The research is characterised by incremental learning cycles, and the main phases (Susman and Evered 1978) 
are: (i) diagnosing, related to the understanding of the overall problem, existing VM devices and collaborative 
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interactions; (ii) action planning and taking, associated with the proposition and observation of new digital VM 
devices using collaborative digital whiteboards, such as Miro (miro.com) and Mural (www.mural.co) for 
different functions, allowing its comparison with manual VM practices; (iii) evaluating, through participant 
observation; and (iv) specifying learning, which relates to the critical analysis and theoretical contributions. 
The main sources of evidence were: (i) workshop with key stakeholders to develop and assess the VM interface 
and routines; (ii) participant observation of workshops and meetings; (iii) survey with workshop attendees; 
and (iv) training sessions. 

FINDINGS 
The effectiveness of digital whiteboard was explored by analysing their applicability to various functions, 

as well as comparing digital and manual implementations. The adoption of whiteboards for the planning of 
activities using Last Planner System (LPS) emerged as a necessity during Covid-19 restrictions of working from 
home, which leveraged and valued the use of digital technologies in design to assist remote work. Nine 
different whiteboard functions were identified in total, however, the other eight functions, such as digital 
whiteboards for designing new systems and strategies, brainstorming and meeting structure, arisen after its 
initial use for planning implementation, without a problem identification in advance. Since the teams became 
familiar with the device interface and its functionalities, it enabled the whiteboard dissemination for various 
uses and purposes. Through participant observation, digital whiteboards were found to be flexible in adapting 
the devices according to the users’ needs over time and requirements, so that, new problems could also be 
solved without a previous problem formulation, as proposed by von Hippel and von Krogh (2016). 

Its adoption was described by the workshop participants as a valuable way to communicate concepts, 
ideas, and actions, through virtual interactions. Thus, all participants can contribute equally and support faster 
problem-solving at the same or different times and virtual place, allowing them to also easily access 
information prior and after the meetings. The human-technology interaction was considered through different 
types of collaboration, e.g., asynchronous and synchronous distributed collaboration as defined by Anumba et 
al. (2002), while the users’ perception was considered to support the understanding of common ground and 
shared understanding. It can be adopted as means for collaboration among users with different perceptions, 
which corroborates with Lindlöf (2014), aiming to create a common point of view and agreement. It allows 
the transfer of information across time and space, but can also support the identification of abnormalities and 
problem solving, discussed by Murata (2019). By creating and recreating a common ground in virtual 
environments, it has the potential to support complex and emergent interactions in the collaborative space. 
Thus, the method includes the key steps: observe the process, analyse user needs, integrate in the process 
routine, analyse technical requirements, and define the visual attributes, adapting the model suggested by 
Valente et al. (2019) to the digital context. Further research should explore a substantial number of other 
digital collaborative VM devices, encouraging a further reflection about the benefits and barriers, as well as 
further understanding of how the users adopt and perceive digital VM through collaborative interactions. 
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BIM AND KNOWLEDGE MANAGEMENT AS A LEAN TOOL FOR THE 
IMPROVEMENT OF PREFABRICATED BUILDING SYSTEMS: USER-

DRIVEN INNOVATION IN THE CONSTRUCTION PROCESS 
 

Lucianne Casasanta Garcia1*, Simone Barbosa Villa2 
 

Construction represents one of the activities with the greatest impact on the environment, acting 
throughout the life cycle of the building, from its conception to its demolition. In this respect, the use of 
prefabricated elements is presented as a strategy to improve production methods and to reduce environmental 
impacts in the construction process. In addition, there are several tools to assist in strategic decisions during 
all phases of the project, such as Building Information Modeling (BIM), digitalisation, Lean Construction, etc. 
However, compared to other industries, there is a failure to successfully implement information technology 
and harness the potential of new technologies to improve productivity in the construction industry.  

There are few studies that concern the use of Knowledge Management (KM) in the design phase to 
incorporate the end-user demand into the process. KM can be seen as the means to extract and capture the 
available information which can be used to provide better ways of doing things regarding products and 
processes in a construction context. Companies are aware of situations in their organisations in which costly 
errors have been made because knowledge was not available when and where it was needed and because 
employees did not know how to interpret or use the information available to them. These results are mainly 
due to the project-based nature of the construction industry and the fact that knowledge is embedded in social 
relations. The challenge may originate from a complexity of factors, such as climatic conditions or occupant 
behavioural patterns. Also, its potential and its ability to adopt big data techniques have not been sufficiently 
studied. Therefore, KM and BIM play a key role in construction automation and corresponding management 
systems, and can help to automatically extract important concepts, interrelations, and models of the interest 
database. Systematic management of knowledge can help in a better continuous improvement, sharing tacit 
knowledge, faster response to customers, dissemination best practices, reduction in rework. 

This research aims to present a new design analysis model with strategies for the application of the BIM 
methodology as a lean tool, using KM techniques, so that civil construction agents can incorporate user needs 
in the construction process. More specifically, it presents a research work regarding the improvement of 
prefabricated construction systems developed by an Argentine enterprise called Astori. This work was 
developed within the scope of the Post-Graduation Program in Architecture of Universidad Nacional de Rosario 
(Argentina) and is part of the doctoral thesis entitled “Metodología y gestión BIM en el desarrollo de sistemas 
constructivos en hormigón armado: el caso Astori y sus nuevas demandas desde la construcción civil”. The 
research was funded by CONICET (Consejo Nacional de Investigaciones Científicas y Técnicas) of Argentina 
and by ENIT (École Nationale d'Ingénieurs de Tarbes) of Université de Toulouse (France). 

The research method is based on Design Science Research, and the empirical studies were carried out as 
Action Research studies, considering the implementations carried out by the Astori company after the feedback 
of the results. In order to complement the various forms of evaluation and analysis of results, it was stipulated 
for this research the approach of multiple methods for data collection: (i) Walkthrough analysis in 6 study 
cases that use Astori’s prefabricated elements, (iii) interviews with employees and managers of the Astori 
company in Argentina, (v) interviews with architects/builders responsible for the 6 buildings chosen as a study 
case. The aspects addressed were structured in: (i) Condition of the building in terms of prefabricated 
elements; (ii) Functional aspects of buildings; (iii) Comfort and Environmental Quality of the buildings; (iv) 
Satisfaction – in terms of technical-constructive, environmental, functional, and behavioral aspects. The 
analyzed attributes were evaluated individually (raw data) and aggregated (overlapping techniques and data 
crossing), in order to establish comparative and analytical patterns of the results obtained. The BIM model, 
along with interviews with end-users, builders, and designers, give data to support the calculation to outline 
goal levels for the improvement of prefabricated building systems. To facilitate automation, the data mining 
tool SPMF was used to model knowledge and encoded reasoning in the knowledge base. SPMF encoded 
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knowledge as conceptual graphs and reasoning as graph operations that can be visualized in a logically precise 
way based on domain ontologies. SPMF is a free French software that comprises various algorithms for data 
preparation, mining, and result validation. Particularly, FP- Growth Algorithm and Clustering methodologies 
were used to analyse occupant behaviour, in order to compare them using Revit© software. For this research, 
the software was optimized for the evaluation of prefabricated elements. 

From the results obtained in the study, it was possible to develop a method of design analysis with 
strategies for the prefabricated system of the Astori company, considering the demands of end-users and how 
their behaviour can directly influence design decisions. The participation of end-users, builders and designers 
in this process not only guarantees a better service to the needs of users, but also makes it possible to establish 
qualitative guidelines for future constructions. The research reported here was based mainly on these 
considerations when outlining its methodological procedures, highlighting the approach of BIM and KM as a 
lean tool for the improvement of prefabricated building systems. The beneficial interaction between continuous 
improvements, experience feedback processes and stepwise problem-solving procedures is knowledge created 
from structured learning processes. It is expected that the results of this work will contribute to the design of 
prefabricated systems in Argentina and Latin American countries that use Astori system or similar prefabricated 
construction systems, by proposing design strategies suited to user demands. 
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PROBLEMS ASSOCIATED WITH THE ADOPTION OF OFFSITE 
CONSTRUCTION 

 

Kola Olayiwola1*, Srinath Perera2, Mike Kagioglou3, Xiaohua Jin4, Pejman Sharafi5 

 

RESEARCH BACKGROUND 
Offsite Construction (OSC) is one in which all or some components of a building are manufactured and 

partly assembled in a prefabrication factory and then transported to a construction site for final installation 
(Li, et al., 2017; Wuni & Shen 2019). Offsite construction brings onsite construction works into a climate-
controlled facility where advanced machinery and manufacturing technologies can be utilised to fabricate 
components in a standardised and efficient manner (Yin et al. 2019). 

Industry 5.0 production model is set to address the interaction between humans and machines by 
leveraging the collaboration in human-machine. The widespread increase in the acceptance and adoption of 
offsite construction (OSC) in the construction industry and use of machines and Robotic technology to 
manufacture large components of OSC has increased interaction between humans and machines. There is the 
need, therefore, to categorise the problems associated with OSC for better understanding and interaction, and 
therefore better product output.  

RESEARCH PROBLEM 
OSC is rife with many barriers impeding its adoption. Factors militating against the use of OSC identified 

by many researchers are systemic, process, regulatory, logistics, resources, knowledge constraints, cost 
implications, dominance of conventional project process, limited market demand and lack of social acceptance. 
Others are government related barriers such as regulations and standard, incentive and Research 
&Development (R&D). Government support for OSC will have significant positive impact and increase OSC 
adoption (Darko et al. 2018). Company related barriers like skills and experience, industry and market culture, 
and tools, also have significant negative impact on OSC adoption (Blismas et al., 2005; Blismas, et al. 2009; 
Elnaas et al., 2013;Rahman 2014; Darko et al. 2018; Gan et al., 2018). However, these barriers are skewed 
to local and country conditions.  

AIM/OBJECTIVES 
This abstract aggregates the barriers and categorise them in order as presented globally by many 

researchers. Appreciating these problems and how they impede the use of OSC is core, and it will promote 
strategies to influence its adoption. The classification provides a valuable source of information and better 
understanding of the barriers to implementing OSC. It sheds light on the barriers, and help the stakeholders 
create better mitigation strategies and effectively develop measures to facilitate the OSC adoption in the 
construction sector. 

METHOD 
A detailed literature review will be carried out to aggregate barriers of offsite constructions. These barriers 

as presented globally by many researchers will then be classified into Political, Environmental, Social, 
Technological, Economic and Legal (PESTEL). Appreciating the categories of the barriers will inform the policy 
makers and other stakeholders to know how their policies and decisions impede the use of OSC.  

PRELIMINARY RESULTS 
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Preliminary findings revealed that several barriers are impeding the adoption of OSC which include 
requirement of initial high capital cost, lack of education about OSC and non-existence of regulations to support 
OSC and offsite logistics scheduling (Mostafa, et al., 2016; Darlow et al., 2022). Darlow et al. (2022) further 
noted that financial supports to the OSC sub-sector in form of subsidies, tax waivers, and enhanced leasing 
model could enhance the uptake of OSC.  

Mostafa et al. (2016) discussed that to revolutionise OSC, logistic scheduling, and effectively support 
contractors and module suppliers to deliver building projects, there is need to (1) strengthen suppliers' demand 
responsiveness by shortening module production time; (2) enhance manufacturing flexibility by increasing 
factory storage utilisation; (3) improve supply chain synchronisation; and (4) capitalise on the government's 
role in offsite logistics enhancement. 

However, Charef et al. (2021) classified the barriers into six different categories: organisational, 
economical, technical, social, political and environmental; and Hwang et al. (2018) identified five top significant 
constraints as extensive coordination required prior to and during construction, need for additional project 
planning and design efforts, increased transportation and logistics considerations, early commitment from 
stakeholders, and higher initial cost than conventional traditional construction method.  

Furthermore, Abdul Nabi and El-Adaway (2021) classified the top eight critical factors militating against the 
adoption of OSC as (1) shortage of skilled and experienced laborers, (2) late design changes, (3) poor site 
attributes and logistics, (4) unsuitability of design for modularization, (5) contractual risks and disputes, (6) 
lack of adequate collaboration and coordination, (7) challenges related to tolerances and interfaces, and (8) 
poor construction activity sequencing. Gan, X. et al. (2018) claims that specific consideration should be given 
to government regulations and policies; as well as the development of skills and expertise needed for OSC as 
different from the traditional construction. 

Gibb (2001) agreed that Stakeholders of OSC barely understand its process (CIRIA, 2000). The approach 
was wrongly viewed as expensive, unjustifiable, and can never be a solution to the many problems of 
traditional construction. He further argued that construction products differ from manufactured products in 
that they are immobile, complex, durable, costly and require a high degree of social responsibility. These 
characteristics limits the adoption of technologies to construction and further suggest the understanding the 
characteristics of constructed products will influence the potential for an increased adoption of manufacturing 
of the products. In conclusion, the construction industry has many problems which inhibits introduction of 
manufacturing process (Gibb 2001; Nam & Tatum 1988). 
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REQUIREMENTS FOR OFFSITE PRODUCTION PROCESSES OF 
VOLUMETRIC SYSTEMS FOR MASS CUSTOMISATION 

 

Tamiris Capellaro Ferreira1*, José Carlos Paliari2, Patricia Tzortzopoulos3 

 

INTRODUCTION 
It has long been argued that offsite manufacturing can reduce variability and improve flow in construction 

projects, as well as aspects such as safety and quality, since production takes place in a controlled environment 
(RICS, 2018). However, despite the benefits, over the years offsite manufacturing has seen only marginal 
increases in adoption. Nonetheless, the consultancy Bryden Wood (2018) believes that conditions now appear 
favourable for a fundamental shift in the industry. 

In offsite manufacturing, as in other industries, the low unit costs of mass production can be achieved by 
scaling production, focusing on manufacturing large quantities of standardized goods and services. However, 
standardized designs do not meet the individual demands of users (Bonatto, Miron, & Formoso, 2011; Brito, 
Formoso & Echeveste, 2011), so mass customization (MC) is a strategy that can be adopted to satisfy both 
the needs for modernization, improvement, efficiency and productivity, as well as the particular needs of users 
(Frutos & Borenstein, 2003). MC aims to enable the production of a variety of products and still maintain 
competitive cost and delivery time. 

On the other hand, some companies still find it difficult to implement MC, because by increasing the number 
of options offered to the customer, the complexity of production is also increased, due to the greater variation 
of materials and the greater amount of information necessary for the execution of the constructive unit, 
requiring more effective production control (Rocha & Kemmer, 2013; Martinez, Tommelein, & Alvear, 2017). 
Thus, it is important that companies use practices that facilitate the execution of customized units and 
production control, such as better communication of differentiated items, alteration of the product design and 
robust and stable process design, which allows for reuse or recombination of existing resources (Piller & Wang, 
2017). Zawadzki and Żywicki (2016) state that without the perfection of the planning, product design and 
manufacturing preparation and control processes, the efficient fulfilment of the premises of MC and the 
maintenance of its positive results are not possible. 

AIM 
In this context, the following research question arises: what are the requirements of the offsite production 

process of volumetric systems so that mass customization is viable in terms of cost and delivery time? In other 
words, we seek to understand how the offsite production process should be to allow the manufacture of a 
variety of products, keeping cost and delivery time competitive, which means minimising the trade-offs 
between flexibility and efficiency. Therefore, the aim of this research is to propose a set of guidelines for the 
development of offsite production processes of volumetric systems that enable mass customisation, minimising 
trade-offs between flexibility, cost and delivery time. 

The specific aims are: 1) Refine a set of concepts related to MC, in order to adapt them to the specific 
context of the offsite production of volumetric systems; 2) Define parameters to measure the feasibility in 
terms of cost and delivery time, of MC of volumetric systems produced offsite; 3) Develop a conceptual 
framework for the definition of production strategies that allow the MC of volumetric systems produced offsite. 

The outcome will be a set of guidelines (artifact) for the development of offsite production processes of 
volumetric systems that enable MC in terms of cost and delivery time. It will be based on practices identified 
in the literature and on an empirical study carried out in an offsite construction company. The guidelines should 
be used by companies to support the definition of production and MC strategies. 
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JUSTIFICATION 
Being able to develop customized units while maintaining acceptable costs and deadlines is the challenge 

for its viability, which is the relevance of the research problem. Practices that help to reduce the impact of 
complexity on production when adopting MC have been reported in previous research. Formoso et al. (2022), 
for example, explored the possibility of adopting MC ideas to offer flexibility to the customers of a company 
that produces social housing while keeping costs low. The main contributions of the research were related to 
the expansion of the understanding of the components that allow the implementation of MC in the context of 
the construction companies of houses that adopt traditional technologies of construction. The research of 
Viana et al. (2017) explored the use of engineered-to-order industrialised building systems, illustrating how 
modularity can reduce its complexity in companies that adopt a MC strategy. The research has shown that 
tolerance management plays a key role in achieving high productivity and short lead times. In addition to 
showing how the adoption of a limited set of modular components can be used to standardise different types 
of processes. However, no research was found that studies practices related to the management of offsite 
production of volumetric systems so that MC is made possible. 

In other words, the set of practices adopted by manufacturers that produce customisable volumetric 
systems that allow them to maintain the balance between flexibility, cost and time have not yet been 
systematically analysed and have not been structured in order to be applied in different contexts, which 
represents the knowledge gap considered as the starting point of the present study. Therefore, we intend to 
explore how the offsite production planning and control system, at its different levels, can contribute to the 
consideration of customer requests in production, to minimize trade-offs between flexibility and efficiency. As 
a theoretical contribution, it is intended to advance the knowledge about the process that enables MC in offsite 
constructions. 

METHOD 
Design Science Research (DSR) is the methodological approach adopted in this investigation. It has a 

prescriptive character, seeking to elaborate solution concepts, called artifacts, to solve classes of problems 
(Holmstrom, Ketokivi & Hameri, 2009; Van Aken, 2004). Furthermore, it fits into what has been called by Van 
Aken (2004) as best practice research, which aims to discover the underlying ideas of practices that have been 
successfully implemented in the real world.  

This work was divided into steps that are in line with the DSR (Oyegoke, 2011). Initially, the production 
process will be mapped (considering manufacturing, logistics and assembly of the units) of a company that 
performs offsite production of customizable volumetric systems. After that, an evaluation of supplier and 
production management operations will be carried out, seeking to understand how MC influences them. Then, 
the best practices used by the company, the opportunities for improvement and the main challenges of the 
production process will be identified so that the MC can happen efficiently. Finally, improvements will be 
proposed in the company's production system. 
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CONSTRUCTABILITY ASSESSMENT: A LEAN TOOL TO IMPROVE 
CONSTRUCTION PROJECTS 

 

João Paulo Marcel de Abreu1*, Fernanda Marchiori2, Vera Lucia Correia3 and Silva, Rafael Fernandes Teixeira 
da Silva4 

 

INTRODUCTION 
Koskela (1992) and Abreu et al. (2020) cited flow problems associated with traditional managerial concepts 

and emphasised the importance of practices that promote the best constructability in construction projects 
based on lean principles. In addition, these authors highlight that measures are extremely important in 
continuous improvement and tools to achieve lean goals like simplification, adding value, transparency, and 
others. Since the 2000s, constructability assessment systems are researched in some countries or regions 
such as Singapore (Lam and Wong 2008), Hong Kong (Lam et al. 2007), and Malaysia (Hijazi et al. 2009). 
These assessment systems are used as design criteria for new constructions or to define goals through data 
from past projects.  

According to Mao et al. (2018), constructability reviews and lean construction share the common goals of 
benefiting the project delivery such as the increased value of the end product, and Guerriero et al. (2017) 
emphasise BIM as an important tool to achieve these goals. In the 2010s, new assessment systems were 
created and integrated with BIM technologies, becoming more easily automated analysis of constructability 
criteria like kind of construction systems, geometry, standardisation, temporary works, and others (Jiang and 
Leicht 2015, Kannan and Santhi 2018).  

Most countries, including Brazil, don't have constructability assessment systems fitted to their construction 
methods. The copy-paste behaviour, or easily transposition of measures, leads to errors in indicators results 
(Van Camp and Braet 2016) and the benefits of better constructability, like improving productivity, quality, 
and costs (Russell and Gugel 1993; Jarkas 2010; Abreu et al 2020), couldn't be achieved. This paper presents 
a development of a constructability assessment system to evaluate and improve constructability focused on 
Brazilian popular residential condominium construction projects. 

METHOD 
This research was conducted during postgraduate research (Abreu 2020) in five phases (see Figure 1). In 

the first phase, a bibliographic search was done (1.1) in national and international databases and defined a 
state-of-the-art about constructability, and after (1.2), the first definition of indicators and their characteristics. 

 

 
Figure 1 - Method 

In the second phase, a survey was carried out (2.1-2.2) to define weights in the constructability assessment 
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system. Answers have a Likert scale from 1 to 5 points (importance in constructability, 1:low, 5:high), from 
professionals who have already worked in design and construction projects (2.3). The third phase consists of 
the whole definition of a preliminary version of the assessment system (3.1) and the application of this version 
in three construction projects (CPs) named CP1, CP2, and CP3 (Fig. 2). With the preliminary version and 
evaluation, the fourth phase was validation and adjustment – potential users are presented with the prototype 
(preliminary version) and indicate their contributions from professional experience (Dos Reis and Mauri 2012). 
From the suggestions of these construction experts, enhancements in weights, indicators, or scales were done 
and the final version of the constructability assessment system was organized to explain its use to multiple 
construction stakeholders (fifth phase). 

 
Figure 2 - Main buildings and characteristics of construction projects evaluated 

FINDINGS  
The constructability assessment system generated is useful for different construction stakeholders (when 

construction systems are designed – of a design criterion - or about past projects – for definition on 
constructability goals) for evaluation of construction condominium projects in a popular pattern. Its 
constructability indicators were divided into three categories, according to construction life cycle: indicators of 
design (fifteen indicators related to geometry, standardization, architecture, constructability database), 
indicators of production planning (four indicators about building works site and construction restrictions), and 
indicators of execution (three indicators about the construction effectively). Each category has a partial 
indicator of constructability, and the overall constructability indicator is obtained at the end of the construction 
project or calculated about past projects.  

According to the constructability concept (ASCE 1991; Jarkas 2010; Kifokeris and Xenidis 2017), earlier 
decisions are extremely important, anticipating problems and solutions. Because of this, fifteen of twenty-
three indicators are related to the design phase, but the next steps in construction were considered, aligned 
to the "constructability" concept (when the focus is only on design constructability, it is named "buildability"). 
About constructability evaluations of CPs, overall indicators of CP2 and CP3 are higher than CP1, but this 
assessment isn't from an absolute set of higher indicators in one project, is a conjunction of characteristics, 
more than a structural system, walls, or single options. This result reflects the multifaceted evaluation of 
constructability proposed. 

CONCLUSIONS AND FUTURE WORK 
The constructability assessment system generated has a format that considers several constructability 

criteria and the main steps of a construction project (design, production planning, and execution). It could be 
useful to improve the efficiency of new projects in Brazilian popular residential condominiums. Better 
constructability (higher indicators of constructability) means best productivity, quality, avoiding reworks, and 
adding value, among other benefits. In the case studies (in CPs), overall evaluations are aligned with 
construction experts' experience. In the continuity of this research, the potentialities of BIM to improve 
constructability will be considered, as well as new computational tools using BIM data collection and 
automatisation to improve constructability analysis. Other future work also includes analysis between 
constructability and other variables such as costs and energy efficiency. 
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SERIOUS GAMES FOR LEAN MANAGEMENT – NEW TOOLS FOR 
LEARNING LEAN MINDSET IN ARCHITECTURE AND CONSTRUCTION 

 

Maria Antonietta Esposito1, Caterina Ferraro2* 

 

INTRODUCTION 
This abstract discusses the state of the art of serious games and proposes the implementation of an 

innovative gaming platform currently in its initial stages of conceptualisation to enhance the use of serious 
games in Lean Mindset training, with a close perspective on the Architecture and Construction field. The 
platform is aimed at project managers and design team. It finds broader application to project organisations 
in general to foster the rebalancing of their People and Processes pillars. 

Various games are widely used to enhance knowledge, skills, and motivation in learning users, including 
also Serious games (Connolly et al., 2012). New tools and methods usually require a high amount of effort in 
learning how to use them and research has continuously studied how to propose more and more effective 
didactic methods. Excessive effort requirement is time-consuming and could also reduce motivation. This is 
particularly important if the knowledge is necessary for the workplace environment. Lack of training of 
personnel could become a significant issue for project organizations firms needing their employees to be 
constantly aware of updated technologies, such as software and tools, like management techniques and 
strategies.  

LITERATURE REVIEW 
The literature review on the topic, based on the most recurrent keywords (serious games, lean games, 

didactic simulations, and lean management) is discussed to draw useful elements for the improvement of 
digital serious games and their implementation in common practices for the design industry and BIM 
management.  

Investigating the literature about Lean management and games, gamification approaches and theory 
become central (González and Area, 2013; Herzig, Ameling and Schill, 2015). Beyond the technical aspects, it 
regards the following social issue: lack of knowledge could increase the gap between already disadvantaged 
categories of people, who are unable to access basic sources, for distinct reasons. It is important to address 
the efficacy of current learning methods and implement them with sophisticated, innovative, and engaging 
tools (Tsalapatas, Heidmann and Jesmin, 2021) that could boost the ability of learning users to access 
information, use efficiently management processes, and make an impact on society by reducing wastes, which 
is a core point in Lean mindset (de Freitas Avelar and Marques Carvalho, 2020). 

 A wide variety of case studies propose insight on single-player serious games, especially for digital 
educational games, and in different fields of application, as health and engineering, as shown in (Mattsson, 
Nurminen and Reunanen, 2019) and (De Oliveira Rangel Salibi et al., 2021). Notable examples of Serious 
Games in the Lean mindset applied to architecture and engineering emerged as well as methods to build more 
effectively Lean-based simulations and games (Aqlan, 2017; Yousefi and Mirkhezri, 2020; Tagliabue et al., 
2021). However, there seem to be a lack of interaction between users, even if collaboration is a core feature 
of a method. There is, therefore, a lack of case studies with multiplayer platform or multiplayer dynamics, 
even if it is stated in (Paraskeva, Mysirlaki and Papagianni, 2010) that there is room for further research in 
this field.  

METHOD 
This abstract reports on a study of digital implementation of an existing Lean educational simulation, with 

other notable examples that already show evidence of Lean efficacy (Gurevich and Sacks, 2014; Ben-Alon and 
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Sacks, 2017). The purpose of the proposed Lean game is supporting the project organisation in finding the 
best combination of processes to deliver the final output in the fastest way possible, limiting errors. The Lean 
simulation addresses in particular the construction phase of the project, from the construction team point of 
view. In particular, the scope of the learning simulation is addressing the Lean strategies of “pull-system” and 
kaizen, trying to propose a process with less non-value adding activities than the former.  

The analysed Lean simulation revolves around construction processes: participants are tasked with 
assembling an established number of buildings using Lego® bricks, following conventional processes and 
subsequently Lean processes. They are assigned to specific roles tied to rules that define and limit their agency 
and actions. The final objective is to build all the construction units without errors (or waste). So, the Lean 
simulations follows two rounds: in one traditional processes of construction are applied, in the second, Lean 
processes are applied. One core objective of Lean process is to reduce waste in activities, reducing non-value 
adding activities, thus all those activities that does not contribute to the final products in terms of quality and 
efficiency in delivery: this method usually also follows a waste reduction in materials, cost, effort, and time. 

The Lean simulation, in its physical “in-presence” version, has been conducted recording the player actions 
and delivery times, writing down the results and then applying appropriate formulas for deducing the effective 
speed (how many units per minute were produced) and the cycle time (how long a single phase lasted, on 
average), comparing the traditional standard process and the Lean process. This simulation has been then 
adapted for being held online, using a platform for file sharing and a BIM software for modelling the units, 
and has shown nevertheless the efficacy of the Lean method against a conventional method. Also in this case, 
delivery times of the output at the end of every phase where recorded.  

PRELIMINARY FINDINGS 
After conducting the experiments following the traditional process round as a control test, the preliminary 

results - based on parameters of time, effective speed (units/per minute) and cycle time -showed that Lean 
mindset has a notable advantage on conventional approach. In particular, the traditional process takes double 
time the Lean process to be completed: in a fixed timespan, the traditional process was never completed and 
lead to errors in the final output. The Lean process, instead, was completed in each timespan and with few or 
no errors. This confirms a common practice in the construction field that is delaying the deadline of the final 
delivery, to meet the requirements. In a Lean process, the deadline is a constraint that is never delayed, and 
the final delivery always meets the requirements. Moreover, the effective speed, therefore, the number of 
units produced in a minute, were greatly higher in the Lean process than in the traditional process. Following 
the preliminary findings, it is important to note that Lean mindset could enhance the workspace, giving a more 
productive method but also strategies that reduces errors and wastes, of time and effort especially. A 
workspace following the Lean mindset gives to people the opportunity to address problems in the production 
line and to resolve them, contrasting frustration and lack of motivation. Lean mindset, therefore, addresses 
social issues correlated to work environment, giving employees and people a better management method to 
do their job in a relaxed, enriched, and organized workspace.  

HIGHLIGHTS 
• Innovative learning simulation: The contribution introduces an innovative learning simulation 

and its platform aimed at project organisations, project managers and design teams. The platform 
entails learning opportunities both related to BIM and Social Sciences, focusing on the People and 
Processes pillars of lean mindset. 

• Online work environment: The proposed serious game makes use of BIM tools and processes to 
create a shared online work environment, supporting project organisations in dealing with 
communication processes and project information sharing/delivery. 

• Lean thinking approach usefulness in construction and architectural design: construction 
industry does not assess non-value adding activities. Lean mindset could shift the attention from the 
product of architectural design to the process used to achieve the results, following a purge of non-
value adding activities and, consequently, reducing waste.  

• Lean thinking helps to evaluate schedules, design, and roles distribution: often time 
management is lacking a holistic view, space design is not efficient for the production that is been 
done and human resources are misplaced. Lean mindset allows to look to the single aspect of the 
production and re-integrate all the aspect in a fully functional process.  
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• Lean mindset as a training by gaming result: results shown the efficacy of Lean thinking against 
conventional method. Lean mindset strength relies in theory and in its application. For users is 
extremely important to view the results of a new method to apply it with motivation.  

• Developing or improving educational tools to teach Lean thinking: academic and educational 
tools nowadays need a boost and a strong improvement trough a more complete virtual environment 
for simulations or a firmly scheduled educational program that incorporates simulation tools in 
conventional teaching. 

• Online multiplayer platforms as an improved tool for education and training: multiplayer 
platforms could be a good opportunity to build an environment with a full overview on all the Lean 
mindset aspects, adding the dynamic and social interaction between participants that is central in 
Lean mindset approach. 
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THE PEIRCEAN CATEGORIES MEETING DESIGN AND PRODUCTION 
 

Lauri Koskela1, Ergo Pikas2 

 

The American philosopher and scientist Peirce claimed that there are three ontologically distinct categories, 
through which the reality can be encountered: Firstness, Secondness and Thirdness. He characterizes these 
as follows (Peirce 1904): 

“I should define Firstness, Secondness, and Thirdness thus: 

Firstness is the mode of being of that which is such as it is, positively and without reference to 
anything else. 

Secondness is the mode of being of that which is such as it is, with respect to a second but 
regardless of any third. 

Thirdness is the mode of being of that which is such as it is, in bringing a second and third 
into relation to each other.” 

Peirce held that these categories are extremely useful, and indeed they underpin most, if not all, 
philosophical discussions by him. Simultaneously, he admitted that the categories are “excessively general 
ideas, so very uncommonly general that it is far from easy to get any but a vague apprehension of their 
meaning”. Peirce did not succeed in convincing his contemporaries about the categories, and still today the 
categories are seen as an extremely difficult topic (Colapietro 2008). 

Peirce presents two interesting and possibly actionable claims regarding his categories; we make reference 
to the first claim, while the second provides an interesting area for further research: 

• All three categories are needed for understanding a phenomenon or topic. 

• There are no other independent categories than these three; if needed, higher-level categories (like 
Fourthness) can be created by combining the three categories. 

Peirce seems to have used his category theory mainly in two roles: 

• Constructive role: creating taxonomies  

• Explanatory/exploratory role: considering into which category a given phenomenon falls, sharpening 
thus understanding and definitions 

This presentation aims at communicating initial outcomes of an exploration of the significance of the 
categories in the realm of design and production. Four insights are discussed: 

• In design and production, there exist initiatives that embody the Peircean categories, without referring 
to them. For example, in the well-known Function-Behaviour-Structure (FBS) theory of design, as 
forwarded by Gero (1990), the three categories can be clearly recognized. The domain theory 
developed by Andreasen (Andreasen et al. 2014) is another example. Thus, the views presented in 
philosophy that categories provide an extremely difficult topic can be challenged: at least some 
concepts aligned Firstness, Secondness and Thirdness surface from the needs and context of design, 
and thus the categories can rather easily be illustrated. On the other hand, we claim that the Peircean 
categories may be used for sharpening our understanding and definitions of concepts only intuitively 
based on the Peircean categories. 

• There are phenomena in the realm of design and production for which concepts aligned to the Peircean 
categories are recognized, but the idea that they form a totality (that all need to be used for 
understanding the phenomenon in question) is missing. The reception of the TFV theory of production 
by Koskela (2000) provides an example. The mainstream scholarship in operations management has 
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not accepted this theory, arguably because it is not a unified theory of production. However, taking 
lead from Peirce, it is argued that the different aspects of production as reflected in the TFV theory 
are intrinsically separate, and cannot be unified. 

• There are phenomena in the realm of design and production for which concepts aligned to the Peircean 
categories are recognized, but their interrelationships are not correctly (in the Peircean sense) 
conceived. The FBS scheme provides an example; according to it, there is no relation between the 
structure and the function. Based on the Peircean categories, this can be questioned. 

• There are phenomena in the realm of design and production for which concepts aligned to the Peircean 
categories are not recognized. We argue that this hinders or prevents a systematic examination of 
those phenomena. An example falling into visual management, especially wayfinding, is presented. It 
is shown that the work by Peirce on the categories of signs can with advantage be applied to the 
design and improvement of typical devices of wayfinding. 

The contents of this presentation represent a new trend where philosophy (of science) is argued to directly 
produce scientific knowledge (Pradeu et al. 2021). Although this has originally been argued for the case of 
natural science, it seems that the situation is comparable in production science.  

At the conclusion of the presentation, the research frontier that opens is commented. 
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PHOTOVOLTAIC SYSTEMS AND BIM INTEGRATION: TRENDS AND 
POSSIBILITIES 

 

Bruna Brito Liberal1*, Thales Henrique Castro de Barros2, and Rachel Perez Palha3 

 

INTRODUCTION 
The demand for photovoltaic (PV) systems in Brazil has increased in the last years due to factors such as 

the increased cost of electricity and the growth of interest in sustainable energy sources (Carstens and Cunha 
2019). As a result, in the next few years, a higher presence of PV systems is expected in residences, industries, 
and even in larger infrastructures projects (Byrne et al. 2016; Choi and Song 2017; Ferri et al. 2022). Despite 
this expectation, few projects consider these technologies in design, generating extra costs in the later 
installation and hardly allowing a fully efficient operation of the PV (Lau et al. 2019). 

In 2019, construction was responsible for 35% of the total global energy use and 38% of total global 
energy related CO2 emissions (Global Alliance for Buildings and Construction, 2020). Reducing building energy 
consumption or optimising its use on building projects by improving energy efficiency could impact on the 
global energy demand. An efficient method for reducing environmental problems that has gotten the attention 
of the sustainable development of society is the use of Building Information Modelling (BIM) to promote the 
integration of PV systems in the early stages of the project process. One example of this integration is a 
building model optimised for lower energy consumption and with power generation systems, called “zero/low 
energy building” (El Sayary and Omar, 2021). 

This work presents a systematic review to identify techniques, methods and tools that can be used to 
optimise the energy generation potential, estimating the energy consumption of buildings, and reducing 
related costs. By highlighting works that address this integration, this systematic review also aims to assess 
academic development and provide an overview of the newest technologies associated with this topic. The 
method adopted to perform the systematic review was the Preferred Reporting Items for Systematic Reviews 
and Meta- analyzes (PRISMA) method (Page et al 2021). 

METHOD 
The systematic review was performed following the PRISMA guidelines. Using the Scopus database, the 

keywords chosen involved terms related to BIM and PV systems. The exclusion criteria were: 1) document 
types other than articles, reviews, or book chapters; 2) works published in a language other than English; 3) 
articles that were not associated with the research objective. The Boolean strings used on Scopus were: 
(TITLE- ABS-KEY (bim OR ("building information modeling")) AND TITLE-ABS-KEY (bipv OR "solar energy" OR 
photovoltaic OR "solar cell" OR "solar panel" OR "building integrated photovoltaics")) AND (LIMIT-TO 
(DOCTYPE,"ar") OR LIMIT-TO (DOCTYPE,"re")) AND (LIMIT-TO (LANGUAGE,"English")). By the end of the 
study selection, a total of 7 articles were found to be included in the review, as shown in Fig. 1. 

In the identification phase, 53 registers were found and none of them were excluded before screening (i.e. 
none of them were duplicated). In the screening phase, 36 records were excluded by title and abstract and of 
the 17 records that remained, 5 were not retrieved. Finally, 12 records were assessed for eligibility and 5 were 
excluded for not being related to the purpose of the research, which resulted in 7 studies included in the 
review. 
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Figure 1: Study selection flow diagram. 

RESULTS 
Among the 7 eligible works at the end of the review, important contributions were identified for the inclusion 

of PV systems from the early stages of the project. El Sayary and Omar (2021) developed a BIM model that can 
be used to calculate energy consumption and provide useful information to optimise PV system designs in zero 
or low energy buildings. Abbasi and Noorzai, (2021) combine a multi-objective optimisation algorithm with BIM 
concepts and Life Cycle Assessment (LCA) to determine the trade-off between embodied and operating energy 
to optimize the use of renewable energy. Lin, et al. (2021) develop an automatic PV system tool fully integrated 
with BIM platforms to design and manage PV systems through BIM data.  

Salimzadeh et al. (2020) developed a parametric modelling platform using properties of the BIM model to 
perform radiation simulations, optimize the characteristics of the chosen PV systems, such as size and 
orientation, and perform detailed cost-benefit analysis of each chosen scenario. Devetakovic et al. (2019) lists 
relevant geometric aspects for design PV systems and discusses the integration of these parameters in BIM 
environments. Ning et al. (2018) and Jakica (2018) address the concept of Building Integrated Photovoltaics 
(BIPV), the first proposes a uniform BIPV design platform focused on BIM and compatible with external 
photovoltaic models, to reduce photovoltaic system costs and energy transmission losses. The second aims to 
facilitate decisions in the design process of photovoltaic systems, through a review of about 200 photovoltaic 
system design tools, analysing, among other things, possibilities of integrating these tools with BIM software 
environments. 

The analysis of these works made it possible to evaluate a scenario that is still incipient regarding the 
integration between BIM and PV technologies in the early stages of the projects. Despite the small number of 
works in this direction, it is expected that the current growth of research on BIM and photovoltaics will 
increasingly contribute to the integration of these two technologies. This review aims to popularise this 
integration, in view of all possible social, environmental, and economic gains that can be obtained by society. 
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DYNAMIC IMPACTS OF POLICIES ON THE RECYCLING RATE OF 
CONSTRUCTION AND DEMOLITION WASTE 

 

Mingxue Ma1, Vivian WY Tam2*, Khoa N Le3, Robert Osei-Kyei4 
 

RESEARCH BACKGROUND 
Construction and demolition (C&D) waste is produced during the process of construction, renovation, or 

demolition of structures (Mahpour, 2018), and it accounts for 30% to 40% of total solid waste (Li et al., 2020). 
Currently, disposing in landfills is still a common method to treat C&D waste, which inevitably occupied land 
resources (Li et al., 2020). In many countries and regions, illegal dumping of C&D waste has become a 
widespread problem, exerting negative impacts on living and natural environment (Liu, Hua & Chen, 2021). 
Therefore, C&D waste management has been placed as a high priority in waste management (Peng et al., 
2020). In last few decades, governments in various countries adopted the concept of sustainable development 
and formulated policies to stimulate recycling of C&D waste (Tam, Soomro & Evangelista, 2018). Introduction 
of policies could result in changes in recycling rate. The effectiveness of policies has become a central concern. 
Therefore, studying the dynamic impacts of policies on the recycling rate could reveal effectiveness of different 
policies in increasing the recycling of C&D waste.  

RESEARCH PROBLEM AND AIM 
The great amount of C&D waste has attracted increasing concerns from researchers. Wu et al. (2019) 

summarised five research focuses of previous studies associated with C&D waste management: (1) 
environmental perspective, (2) material perspective, (3) industrial ecology perspective, (4) management 
perspective and (5) buildings perspective. Recently, academic attention was paid to the use of recycled 
aggregate as a substitution of virgin aggregate (Bui, Satomi & Takahashi, 2018; Guo et al., 2018; Tam, Soomro 
& Evangelista, 2018; Wijayasundara, Mendis & Crawford, 2018). Although few studies investigated impacts of 
driving policies on stakeholders’ behaviours in C&D waste management (Calvo, Varela-Candamio & Novo-
Corti, 2014; Seror & Portnov, 2020) and assessed C&D waste management from the economic perspective 
(Au, Ahn & Kim, 2018; Yuan et al., 2011), studies focused on the dynamic impacts of policies on recycling rate 
of C&D waste were insufficient. 

This study aims to develop a system dynamics model to assess dynamic impacts of policies (i.e., landfill 
charge, subsidies for recycling and enhanced supervision on illegal dumping) on recycling rate of C&D waste. 

RESEARCH METHOD 
A system dynamic model will be developed in this study, because there is a consensus that system dynamics 

model particularly focuses on interactions between elements and could better examine dynamic behaviours of 
a system (Yuan & Wang, 2014). In addition, it could predict future tendencies, study the dynamics of a 
complex system and conduct overall system analysis under different scenarios (Yu et al., 2015). Numerical 
values related to landfill, recycling and dumping are expected to be collected from C&D waste recycling sites 
in China through questionnaires sent to contractors and interviewing some of the municipalities and 
contractors. Data related to GDP and production of C&D waste could be collected from previous literatures or 
municipal yearbook. Ethical approval for this project has been granted. HREC approval number is H14392. 

PRELIMINARY RESULTS 
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Figure 3 presents stock-flow diagram for C&D waste management. This system could be divided into four 
subsystems: (1) waste generation waste, (2) waste recycling system, (3) waste landfill system, and (4) waste 
dumping system. All the variables and functions in the diagram will be defined in the future. In the future, a 
set of tests should be conducted to examine the validity of a system dynamics model before simulation and 
analysis: (1) boundary and structure adequacy test, (2) dimensional consistency test, (3) time step adequacy 
test, and (4) extreme conditions test. 

Figure 3: A stock-flow diagram for C&D waste management 
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RECYCLED AGGREGATE CONCRETE: A PATHWAY TOWARDS 
CIRCULAR ECONOMY AND SUSTAINABILITY 

 

Weiqi Xing1, Vivian Tam2*, Khoa Le3, Jian Li Hao4, Jun Wang5 

 
Circular economy has been acknowledged by many countries as a means to help mitigate the impacts on 

the environment and to close the loop of the product lifecycle (Prieto-Sandoval et al., 2018). In Australia, 
there have been policies to progressively advance the government’s statement of long-term emissions 
reduction strategy and facilitate Australia’s transition toward a net zero emissions country.  

The economy of Australia is expected to have a remarkable increase in the future, driven by projected 
population growth and a couple of attractive infrastructure projects and development plans. On the other 
hand, the increasing demand for the resources and the disposal of waste is believed to have a continuous 
threat to the local communities, putting the ecosystem and environment at risk.  

In line with circular economy strategies, Australia set a goal to improve the waste recovery rate to 80% by 
2030, and significantly increase the use of recycled materials by governments and industry (Pickin et al., 
2020). Under this target, the important waste stream construction and demolition waste is being more 
emphasised in the country, which amount has increased by 32% in the past ten years. 

Regarding the construction industry, a practical and economic solution for both improving waste recovery 
rate and increasing recycled material utilisation is to produce recycled aggregate (Zhang et al., 2019). Concrete 
made with RA, known as recycled aggregate concrete (RAC), which are effective to consume the original 
waste material to be stored in the new concrete and reduce the landfilling, is expected to be a pathway 
towards circular economy and sustainability (Xing et al., 2022). 

Life cycle assessment (LCA) is to evaluate the impacts and loadings of a product or service by quantifying 
material and energy uses and waste released to the environment throughout its lifespan. It is an ideal tool to 
support a circular economy from the environmental perspective because LCA is able to quantify the burden 
shifting to address the benefits of closing-loop of the product required by circular economy. To provide an 
insight into the environmental performance among concretes, a comparative LCA study of concrete with virgin 
and recycled aggregates is carried out, especially focusing on carbon emissions and energy consumption. LCA 
model is built based on statistical data published in Australia including the national life cycle inventory 
database, together with data from Australian-context literature and professional LCA software. Functional unit 
defined is a cubic meter of ready-for-use concrete considering its 28 days compressive strength, and the 
corresponding system boundary of the model is from cradle to gate, where the construction, use and 
maintenance, and demolition phases are excluded. A total of 381 mix designs regarding virgin aggregate 
concretes (VAC) and RAC from 33 studies are collected, which global warming potential and fossil fuel 
consumption are analysed by adopting LCA methodology. 

According to Figure 4, it can be seen that the global warming potential of concretes concentrates on 300 
to 500 kg CO2 eq., and fossil fuel energy consumption of the majority of concrete mixes is from 1000 to 1700 
MJ. Both indicators generally increase with the development of concrete strength. In addition, with the same 
mix design, substituting the virgin aggregate with the recycled one leads to a minor reduction in carbon 
emission but a more obvious saving in energy consumption. When supplementary cementitious materials are 
incorporated, the environmental benefits of RAC compared to VAC are more pronounced. From all mix designs 
and the corresponding LCA results, RAC is evident to have the lower carbon emission and fossil fuel 
consumption than those of VAC under the same compressive strength. 
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Figure 4. Global warming potential and abiotic depletion potential of concrete mixes 

A LCA enables to investigate the environmental impacts of different concretes and optimise the products 
concerning mechanical, economic and environmental behaviours. Since there is a relationship between the 
mechanical and environmental performance of concrete indicated in Figure 4, it is possible to estimate the 
carbon emission and energy consumption based on the characteristic of aggregate and its compressive 
strength. Ultimately, concrete products in a higher compressive strength but lower environmental impacts is 
more favoured and would promote the sustainability in the industry. 
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MORE ACCURATELY PREDICTING THE LIFE CYCLE ENERGY 
CONSUMPTION OF RESIDENTIAL BUILDINGS IN CHINA BASED ON 

THE EA-LSTM MODEL 
 

Lei Liu1, Vivian W.Y. Tam2*, Khoa N. Le3 
 

RESEARCH BACKGROUND 
With the global economy rapidly developing in the past decades, primary energy, as one of the important 

drivers, has been consumed and wasted at an alarming rate. According to the energy report published by the 
BP Statistical Review of World Energy, the average annual increase rate of primary energy consumption 
reached nearly 2%, and the total energy consumption has even reached 173,340 terawatt-hours in 2019 
(Ritchie & Roser 2020). Inevitably, it has become the arch-criminal of air pollution. The amount of carbon 
dioxide emission produced by primary energy reached the historically highest level of 33.1 Gt CO2 in 2018 
(IEA, 2019). Among these, the construction industry contributes 36% of global energy use and 37% of carbon 
emission, making it one of the largest emission sectors worldwide (Global Alliance for Buildings and 
Construction, 2021), as shown under Figure. 1.  

Thus, driven by the global goal of “carbon peak” and “carbon neutrality”, building energy conservation has 
become one of the most urgent issues to be solved. Since energy structures and demands will be changed 
significantly in the next few decades, energy consumption prediction needs to be paid more attention to in 
academia and practice. Significantly, it plays an important role in energy policies adjustment and environment 
assessments (Lu et al, 2022). 

 

 

Fig. 1 The energy consumption proportion of industries 
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Fig. 2 The energy share in China (Petroleum, 2020) 
 

RESEARCH PROBLEM 
China, as one of the fastest and growing developing countries, has become the biggest energy consumer 

(24.3%), and its buildings’ energy use has accounted for nearly half of its total energy consumption (Fig. 2). 
However, although advanced technologies and various methods were applied, there is still a significant 
difference between actual and expected energy consumption (Du et al., 2021). After the literature review, it 
was found that most studies ignored the importance of mobile energy relating to the building environment in 
the life cycle energy system (Pérez-Neira et al., 2020). Besides, current prediction methods exist with different 
degrees of limitation. For example, some didn’t collect detailed physical data, and others can’t figure out 
potential relationships between parameters, thereby causing calculation overlap (Dixit, 2017). Thus, this study 
is to explore how to reduce China’s energy consumption prediction errors based on the two influencing factors: 
the life cycle energy boundary of buildings, and the prediction method selection. 

AIM 
Develop a static model to predict the short-term (by 2030) and long-term (by 2050) building energy 

consumption of China based on an intact life cycle energy boundary. 

OBJECTIVES 
1) Proposing an intact life cycle energy of building framework; 2) Creating a Back Propagation Neural 

Network (BPNN) prediction model; 3) Estimating China’s building energy consumption during the period from 
2012 to 2021; 3) Predicting the energy consumption and energy structure change by 2050.  

METHODOLOGY 
The analysis steps of this research are shown in Fig. 4. To be specific, 1) Based on the background analysis 

and the attributional life cycle assessment (ALCA), an intact life cycle energy framework will be established, 
which includes embodied, operational, and mobile energies, as shown in Figure. 3; 2) According to the Back 
Propagation Neural Network (BPNN) method, the calculation parameters of life cycle energy will be explored 
and determined, thereby establishing the prediction model. 3) In line with the model requirement and historical 
data from the China Statistical Yearbooks, the building energy consumption in the past ten years will be 
estimated carefully; 4) Based on the Back Propagation Neural Network (BPNN) prediction procedures, the 
amount of energy consumption and energy structure change by 2050 are calculated out. The detailed 
calculation procedure is shown in Figure 5; 5) Comparing with others’ prediction results, this study will further 
qualitatively discuss current energy policies and services adjustment. 

 

 
Figure 3. The life cycle energy of buildings framework 
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Fig 4. The analysis steps of methodology 

 

 
Fig 5. The detailed calculation procedures of BPNN model 

WORK PROGRESS 
To date, the life cycle energy boundary establishment and explanation was developed. However, there is 

a need to further develop the BPNN model and set their calculation parameters to estimate the total energy 
consumption in the past ten years, as well as the prediction for the next 30 years. 

PRELIMINARY RESULTS 
1) The mobile energy relating to the building environment is a major energy consumption source, the same 

as embodied and operational energies. 2) The amount of life cycle energy consumption of buildings by 2050, 
including embodied, operational, mobile, and total energies; 3) The development model of the construction 
industry of China by 2050; 4) The short-term and long-term change in China’s building energy structure. 

CONTRIBUTIONS TO KNOWLEDGE 
1) it proposes a new and intact theoretical framework of LCE-B to extend researchers’ conception; 2) it can 

help policymakers review and update energy-saving policy plans to 2050, and help stakeholders adjust current 
energy services, according to the comparison between prediction results and energy-saving goal. 
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SENSITIVITY ANALYSIS ON BUILDING DESIGN VARIABLES FROM 
LIFE CYCLE ASSESSMENT PERSPECTIVE  

 

Yijun Zhou1, Vivian WY Tam2*, Khoa N Le3 

 

RESEARCH BACKGROUND 
Buildings consume energy and produce environmental pollutions (IEA, 2021). A significant proportion 

(nearly 70%) of the environmental impacts of buildings are determined by the decisions made in design (Liu 
et al., 2015; R. Wang et al., 2020; W. Wang et al., 2005). Therefore, selecting environmentally preferred 
building designs has great potential to reduce the environmental impacts of buildings.  

A building design involves many variables, such as the window-to-wall ratios, the building orientation, 
between others. There are thousands of feasible design alternatives by varying these variables. However, the 
choice of specific values for variables in design practice heavily depends on designers’ previous experience 
(Wang et al., 2005; Silva & Ghisi, 2020). As a results, carbon-intensive design decisions may be made as 
personal experience cannot precisely foresee the energy demands and environmental impacts of each 
alternative design. For creating environmentally preferred building designs, it is therefore considered important 
to choose appropriate values for design variables. Designers must be enabled to understand how the 
environmental performance of buildings depend on the design variables.  

Having examined previous related literature (Flager et al., 2012; Liu et al., 2015; Rahmani Asl et al., 2015; 
Lobaccaro et al., 2018; Hasik et al., 2019; Hong et al., 2019; Wang et al., 2020) , three limitations in addressing 
this issue are identified: 1) unclear design variables related to environmental performance of building, 2) 
incomplete environmental performance criterion, and 3) less effective traditional one-at-a-time approaches for 
assessing the environmental impacts of buildings.  

To address above issues, a critical problem in this study is to understand how environmental performance 
of buildings depends on the design variables. Thus, the aim of this study is to estimate the influence of design 
variables on the life-cycle environmental impacts of buildings.  

METHODS 
To achieve the research aim, a framework is developed in this study. The framework consists of five steps, 

as shown in Figure 1. First, design variables affecting life-cycle environmental performance of buildings were 
identified from previous literature. Then, the constraints of design variables were determined in line with 
building codes, regulations, and technical standards, thereby producing potential design alternatives. 
Afterwards, life cycle assessment and energy simulation tools were adopted to computationally iterates 
through all potential design alternatives for corresponding environmental impact results. Fourth, variance-
based sensitivity analysis was conducted using Morris method to obtain the sensitivity indices showing the 
relationship between environmental performance characteristics and design variables. Last, a residential 
building located in Chongqing, China was used as a case study for implementing the proposed framework. 
Two building performance criteria namely, global warming potential and primary energy consumption were 
considered. The simulation experiment considered 5 design variables, namely the window-to-wall ratio, 
building orientation, building shape, floor area, and number of floors.  
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Figure 1 framework of the processes for clarifying the influence of design variables on 
building environmental impacts 

PRELIMINARY RESULTS 
The case validated the feasibility of the framework. A total of 1362 design alternatives were performed to 

explain the variation of environmental impacts for building design variables. The sensitivity indices show 
building orientation (indices=0.35) and window-to-wall ratios (indices=0.22) are the most influential variables. 
A maximum reduction of 62% of primary energy demands can be achieved for north direction and a reduction 
of 35% of greenhouse gas emissions can be achieved by optimising the window-to-wall ratios and building 
orientations.  

The results of the case demonstrated the validity of the developed framework. The application of this 
framework can be generalised to other building cases. However, a limitation in this study is that the 
environmental impacts results of some building components are retrieved from the databases of other 
countries due to the absence of life cycle inventory data in local places. More research efforts should be put 
on how to improve the accuracy of the life cycle inventory data for building components. Despite this, the 
results in this study can lead to a better understanding of the design variables most significantly determining 
a building’s environmental performance. 
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