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Introduction 

Research problem statement  
To improve its performance, the construction industry is currently undergoing 
digitalization in the form of adopting digital tools, such as Building Information Modelling 
(BIM), 3D printing, robotics, drones, etc. BIM is considered as the central phenomenon 
in this digitalization (Stojanovska-Georgievska et al., 2022). BIM is defined as “a digital 
representation of physical and functional characteristics of a facility, and a shared 
knowledge resource for information about a facility forming a reliable basis for decisions 
during its lifecycle” (National Institute of Building Sciences, 2022).  BIM has the potential 
to be beneficially leveraged for many purposes, such as efficient design, cost estimation, 
site utilization, design and construction integration, facilities management, energy 
simulations, etc. (Azhar et al., 2011; Kreider and Messner, 2013). While the advantages 
of BIM are widely acknowledged in Architecture, Construction, and Engineering (AEC) 
firms, recent experiments and research have focused on exploring BIM application in 
other areas such as building permits (Kim et al., 2020; Noardo et al., 2022). 

A building permit is an official document issued by the building control authorities, 
which allows the commencement of construction works once the design of the building 
complies with laws and regulations. The majority of construction projects require 
building permits excluding minor repairs, surface improvements, etc., however, this also 
depends on the local authority’s regulations. The issuance of building permits is an 
important milestone for construction projects (International Code Council, 2018).  
A building permit is also an important component of the institutional factors that 
influence the success of a construction project. A building permit is one of the ten 
indicators used by the World Bank for measuring a country’s business (World Bank, 
2020). Most importantly the regulations for building permit ensure safe, energy-efficient, 
and accessible buildings (Noardo et al., 2020a).   

Obtaining a building permit is a complex process with several steps, involving a large 
number of actors both from industry and authorities or municipalities (Olsson et al., 
2018). In many countries, the building permit process is still analogue i.e., applicants 
submit required information in paper format and then manual checking of the designs  
is performed at the municipalities (Olsson et al., 2018). Recently, in several countries,  
the 2D design and other requirements can be submitted online in a digital file such as 
pdf, etc., by the applicant, while in the municipalities, the checking process remains 
manual (Shahi et al., 2019). Generally, these existing building permit procedures are 
considered as subjective, error-prone, costly, difficult to track, which leads to ambiguity, 
inconsistency, and delays in the overall construction process (Olsson et al., 2018).   

Impressed with the ongoing digitalization in the construction industry and to improve 
its performance, municipalities are considering BIM potential applications in the building 
permit process. In a BIM-based building permit process, the applicant submits online BIM 
models along with other requirements, while at the municipality, automatic code 
compliance checking can be performed to grant a decision. BIM-based building permits 
can offer potential benefits, such as pre-checks by applicants, visualization, collaboration 
and integration, automatic code compliance checks, time-saving, efficiency, higher 
quality, and 3D data reuse (Noardo et al., 2020b). To date, the use of BIM-based building 
permits is not common but authorities in some countries, such as Singapore, Finland,  
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The Netherlands, Austria, and Estonia, have taken solid steps towards BIM use in the 
building permits process (European Construction Sector Observatory, 2021; Shahi et al., 
2019). 

Though BIM-based building permits can offer potential benefits, BIM adoption itself 
is a complex phenomenon (Ngowtanasawan, 2017; Ma et al., 2019), and it can face 
various challenges (Georgiadou, 2019; Doan et al., 2021). Further, the benefits of BIM 
utilization are also reliant on the quality of the adoption process (Gurevich et al., 2017). 
The BIM adoption process in AEC firms has been investigated in many studies; in contrast, 
studies on the BIM adoption process in building permits are limited. The existing few 
studies are mostly focused on the technical context of BIM use in building permits, i.e., 
translation of laws and regulations into machine-readable form, automatic code 
checking, prototypes, etc.; but BIM is not just technology, it also involves people, 
information, process, and policies (Oesterreich and Teuteberg, 2019; Lee and Borrmann, 
2020). 

Meanwhile, for successful BIM implementation, organization readiness is also critical 
(Juan et al., 2017). Holt et al. (2007), defined readiness as “readiness collectively reflects 
the extent to which an individual or individuals are cognitively and emotionally inclined 
to accept, embrace, and adopt a particular plan to purposefully alter the status quo”. 
Succar (2009), defined readiness as “the level of preparation, the potential to participate 
or the capacity to innovate”. Liao et al. (2020), defined BIM implementation readiness as 
“the willingness or the state of being prepared for performing BIM implementation 
activities”. In this research based on the aforementioned definitions, readiness of the 
BIM-based building permit process is defined as the state of an organization being 
prepared for using BIM in building permitting in terms of technology, people, process, 
and policies. There is a scarcity of research that assesses the readiness for BIM-based 
building permits in building control authorities/municipalities. 

Aim and scope of the research  
The information-rich BIM models and the extracted data from them offer an opportunity 
for integrating them into the building permit process; however, it also depends on the 
preparedness of the building control authorities to successfully adopt BIM. Hence, the 
purpose of this doctoral research is to facilitate BIM adoption for building permits by 
assessing organizational readiness. To achieve this aim, the following overall research 
question was formulated: How can BIM adoption readiness be assessed for building 
permits? This was elaborated into four more specific research questions: 

Research question 1 – What are the BIM adoption processes in Architecture, 
Engineering, Construction, and Facilities Management (AEC/FM)? 

Research question 2 – What is the BIM adoption process for building permits? 
Research question 3 – What are the factors that affect BIM adoption for building 

permits? 
Research question 4 – How can readiness for BIM-based building permits be assessed? 
A pragmatic research approach “what works” was adopted to investigate the various 

aspects of the overall research question further imbued in four specific research 
questions by applying mixed methods research and case study strategy.    

The scope of this research is limited to the observation and exploration of BIM 
adoption readiness for building permits in three building control authorities from three 
countries, namely Estonia, Finland, and the United Arab Emirates.  
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Research significance and contribution  
This research evaluates the readiness for BIM-based building permits in building control 
authorities to facilitate effective BIM adoption for building permits. The results of the 
research will update and contribute to the body of knowledge on BIM adoption in  
AEC/FM firms generally and BIM adoption for building permits specifically. The research 
results provide factors affecting BIM adoption for building permits, which can inform the 
concerned stakeholders on what the enablers and challenges to BIM-based building 
permits are. 

To the best of the author’s knowledge, this is the first study to use Multiple Criteria 
Decision Method (MCDM) in exploring organizational readiness for BIM-based building 
permits. The results of this study provide the areas of focus to practitioners in terms of 
technology, people, process, and policies regarding BIM-based building permits.  
Overall, the study results will assist the stakeholders from building control 
authorities/municipalities to successfully adopt BIM for building permits.   

Outline of the dissertation 
This doctoral dissertation consists of four chapters based on five (5) published papers. 
The introduction provides an overview of BIM for building permits and outlines the aim, 
questions, scope, and justification of the research. Chapter 1 describes the research 
subject from the perspective of the extant literature. The methodological approaches 
adopted in this research are discussed in Chapter 2. The results of the research are 
presented in Chapter 3, while the conclusions and recommendations are given in  
Chapter 4.  
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Abbreviations 
AEC/FM  Architectural, Engineering, Construction, and Facility Management  
BIM Building Information Modelling  
COPRAS  Complex Proportional Assessment 
GIS Geographic Information System 
IFC Industry Foundation Classes 
MCDM Multiple Criteria Decision Methods  
TFN Triangular Fuzzy Number 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



13 

Terms 
BIM  BIM refers to the digital representation of the physical and 

functional characteristics of built objects such as buildings, roads, 
bridges, etc. to serve as a shared knowledge source enabling 
communication and collaboration and forming a reliable basis for 
decisions during a built asset’s life cycle 

BIM-based 
building 
permits 

All building permits that are processed using BIM models  
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Symbols 
𝑥𝑥𝑖𝑖  𝑖𝑖𝑡𝑡ℎ criterion 
𝑥𝑥𝑖𝑖𝑖𝑖  Value of 𝑖𝑖𝑡𝑡ℎ criterion for the 𝑗𝑗𝑡𝑡ℎ  alternative  
𝑚𝑚 Number of criteria  
𝑛𝑛 Number of alternatives  
𝑁𝑁𝑖𝑖  Utility degree of the  𝑗𝑗𝑡𝑡ℎ  alternative 
𝑄𝑄𝑖𝑖  Efficiency of the  𝑗𝑗𝑡𝑡ℎ  alternative 

  𝑆𝑆+𝑖𝑖 Sum of maximizing attributes  
  𝑆𝑆−𝑖𝑖 Sum of minimizing attributes  
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1 Literature review  

1.1 Digitalization in the construction industry and BIM 
The construction industry, one of the most important industries in a country’s economy, 
is often criticized for its lack of innovation compared to other industries (Agarwal et al., 
2016). Due to continuous pressure to improve its performance, the construction industry 
has begun digital transformation by potential utilization of digital technologies, such as 
3D printing, artificial intelligence, augmented and virtual reality, BIM, Geographic 
Information System (GIS), laser scanning, robotics, and sensors (Olanipekun et al., 2021). 
According to Barbosa et al. (2017), digitalization in construction can potentially result in 
a 14 to 15 percent increase in productivity and 4 to 6 percent cost savings. BIM is one of 
the most important developments, which is considered central to digitalization in the 
construction industry (Stojanovska-Georgievska et al., 2022). 

BIM applications in the AEC/FM industry offer benefits in the form of saving time and 
cost, improving quality, and facilitating collaboration (Bryde et al., 2013). Various studies 
have well documented the benefits of BIM throughout the building life cycle (Azhar et al., 
2011; Eastman et al., 2011). These benefits are summarized in Table 1 from Publication I.  

 
Table 1: BIM benefits through building life cycle (adapted from Ullah et al., 2019). 

Phases Benefits of BIM use 
Pre-Construction  • Improved concept and feasibility  

• Efficient site analysis to identify environmental and 
resource-related issues 

• Effective design reviews  
• BIM-based energy simulations  
• Clash detection 
• Enables faster and accurate cost estimation  

Construction 
  

• Evaluation of the construction of complex building systems 
to improve the planning of resources and sequencing 
alternatives  

• Efficient management of the storage and procurement of 
project resources  

• Efficient off-site fabrication based on design model  
• Allows better site utilization  
• Reduces site congestion and improves site safety  

Post-Construction  • BIM record model can help in decision-making about 
operations, maintenance, repair, and replacement of a 
facility 

• Makes asset management faster, more accurate, and with 
more information  

• Ability to schedule maintenance and easy access to 
information during maintenance  
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One of the main benefits of BIM is that it can facilitate collaboration and 
communication due to the information-rich building model (Linhard and Steinmann, 
2014; Poirier et al., 2017). Information-rich building information models offer the 
possibility to municipalities to integrate them into building permit processes (Nawari  
et al., 2017; Onstein and Tognoni, 2017; Ponnewitz and Bargstaedt, 2019). The next 
section discusses BIM and its potential application in building permits.   

1.2 Building permits and BIM 
Before the commencement of a construction project, its design and other details are 
checked by the relevant building authority; in the case that if it fulfils the requirements, 
a building permit is granted (Plazza et al., 2019; Fauth and Soibelman, 2022). Depending 
on the size and type of a project, a building permit is required for most of the 
construction projects with the exception of works such as surface improvements, minor 
repair and replacements, small structures, etc. The requirement and exemption of 
building permits in relation to construction work depend on the rules and regulations of 
the relevant building authority/municipality. Building permits are considered an 
important milestone for construction projects and their significance in the construction 
industry is well documented (Pedro et al., 2011; Fauth and Soibelman, 2022; Shahi et al., 
2019). Building permits ensure safe, energy-efficient, and accessible buildings (Pedro et al., 
2011; Jovanović et al., 2016). It is considered one of the institutional factors that affects 
the success of construction projects (Gudienė et al., 2014).  

The basic characteristics of building permit processes, especially in European 
countries, are similar (Pedro et al., 2011). Typically, the applicant submits the design and 
required information to the concerned section of the municipality, an analyst at the 
municipality checks the compliance of drawings with local rules and regulations 
demands, and in the best case, the applicant receives a building permit. However,  
the detailed procedures of the building permits, such as administrative works, 
submission demands, processing time, the beginning of construction works, vary in 
European countries (Pedro et al., 2011). Overall, the existing building permit process is 
considered as subjective, error-prone, inconsistent, costly, involving paperwork, and it is 
time-consuming (Malsane et al., 2015; Olsson et al., 2018; Fauth and Soibelman, 2022). 
The issues associated with current building permit processes affect the overall productivity 
of the construction industry.   

Since the real value of BIM lies in the “I”, i.e., structured information about the  
built asset (Kjartansdóttir et al., 2017), it can also provide potential applications in the 
building permit processes. In a BIM-based building permit process, the applicant submits 
the BIM models along with other requirements to the municipality. On the municipality’s 
side, in addition to visual examination, the BIM models provide the potential opportunity 
of automatic compliance checking against laws and regulations. If the building 
information models meet the local rules and regulations requirements, a building permit 
is granted. The structure of typical BIM-based permit processes is shown in Figure 1.  
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Figure 1: General conception of the BIM-based building permit process (adapted from Shahi et al., 
2019). 

Due to the potential benefits of BIM in building permitting, in recent years, some 
municipalities have integrated BIM into building permit processes to some level, for 
example, the City of Vantaa Finland and the Building and Construction Authority 
Singapore (Shahi et al., 2019). In Estonia, the Ministry of Economic Affairs and 
Communication is developing a BIM-based building permit process for municipalities. 
Similarly, the municipality of Dubai in the United Arab Emirates is developing BIM-e 
submission platforms to incorporate BIM into building permits. Meanwhile, 
municipalities in the Netherlands, Norway, Sweden, Austria, Italy, Germany and in other 
countries are also engaged in research projects/experiments to introduce BIM into 
building permits (Noardo et al., 2020b; Schranz et al., 2021; Garramone et al., 2021).  
Many studies have also examined BIM applications in building permit processes (Onstein 
and Tognoni, 2017; Chognard et al., 2018; Narayanswamy et al. 2019; Noardo et al., 
2022). One of the main requirements for the BIM-based building permit process is that 
the laws and regulations should be in machine-readable form. Translating of laws and 
regulations from natural language to machine-readable form is a difficult task. It is 
considered as one of the main challenges to the BIM-based building permit process  
(Kim et al., 2020). The majority of the existing studies are regarding the technological 
aspect of BIM-based building permits. However, literature on BIM widely admits that 
BIM is not just a technology, but its potential benefits rely on the process and 
organizational aspects as well (Juan et al., 2017).  

1.3 BIM adoption and readiness for BIM-based building permits  
In the BIM-specific literature, different definitions are used for BIM adoption. 
Meanwhile, the term adoption is used as interchangeable with implementation and 
diffusion (Hochscheida and Halinb, 2019; Succar and Kassem, 2015). A universal 
agreement on the definitions of these terms is lacking in the literature related to BIM. 
Roger (1983) defined adoption as “a decision to make full use of an innovation as the 
best course of action available”. Based on Roger’s diffusion of innovation theory, 
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Hochscheida and Halinb (2019), described BIM adoption as a five-stage process. 
Awareness (first stage) occurs when the organization/potential adopter/decision-making 
unit is exposed to BIM or becomes aware of BIM. In the intention (second stage), the 
organization shows interest in the BIM and gathers further information. In the decision 
stage (third stage), the organization decides whether to adopt or reject BIM. In the 
implementation stage (fourth stage), the organization undertakes a set of actions to 
deploy BIM, and the confirmation stage (fifth stage) concentrates on the evaluation and 
further improvement. According to Succar and Kassem (2015), BIM adoption begins 
when an organization successfully adopts object-based modelling tools and workflows 
after a period of planning and preparation. The BIM adoption process in municipalities 
for the building permit process can be conceptualized as all the actions and steps 
required to take in order to use BIM for building permits. 

For successful BIM adoption, organizational and industry readiness are significant. 
“Readiness collectively reflects the extent to which an individual or individuals 
cognitively and emotionally inclined to accept, embrace, and adopt a particular plan to 
purposefully alter the status quo” (Holt et al., 2007). According to Liao et al. (2020),  
BIM implementation readiness of a project team is the willingness or the state of  
being ready for performing BIM implementation activities. Succar (2009), defined 
readiness as “the level of preparation, the potential to participate or the capacity to 
innovate”. BIM readiness is the pre-implantation status showing the tendency of an 
organization or organizational unit to adopt BIM technology, and “BIM capability” as the 
wilful implementation of BIM tools, workflows, and protocols that are considered as the 
minimum ability of an organization or a team to deliver measurable outcomes  
(Succar and Kassem, 2015). On the bases of the mentioned readiness definitions, the 
readiness for BIM-based building permits is conceptualized as the state of being 
prepared for using BIM in the building permit process in terms of technology, people, 
process, and policies.  
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2 Research methodology  
Research methodology is the broad term that refers to principles, practices, and 
procedures systematically devised to govern research (Kazdin, 2003). Creswell (2009) 
described methodology as the entire process of performing research. The next section 
of this chapter describes the philosophical position of the research and the overall 
research design used in this study. 

2.1 Research philosophy   
Amaratunga and Baldry (2001), stated that research should be based on a philosophical 
position. Saunders et al. (2009), defined research philosophy as a set of beliefs and 
assumptions of the researcher about the development of knowledge. Researchers have 
certain beliefs and assumptions (whether consciously aware of them or not) during their 
research (Burrell and Morgan, 1979), which influence the design of research questions, 
selection of data collection methods, and the interpretation of findings (Crotty, 1998). 
There is much discussion whether a researcher should adopt a particular philosophical 
position (positivism, critical realism, interpretivism, postmodernism, constructivism, 
pragmatism, etc.,) or consider a multi-dimensional set of continual positions (Saunders 
et al., 2009; Niglas, 2010). Since the aim of this research is to facilitate BIM adoption for 
building permits by assessing organizational readiness, it is considered suitable to adopt 
a pragmatic research position as the aim is towards “what works” for solving practical 
problems. Pragmatism research philosophy concerns actions, situations, and 
consequences (Cresswell, 2009). A pragmatic researcher is concerned with “what” and 
“how” in the research (Cresswell, 2009). According to Saunders et al. (2009), research 
that is based on a pragmatism perspective begins with a problem and seeks to provide 
practical solutions that also inform future practice.   

As research philosophy is a set of assumptions that inform and influence the way to 
perform research, it can be considered in terms of ontology, epistemology, and axiology. 
Ontology refers to “the study of being” (Crotty, 1998), and it concerns assumptions about 
the nature of reality and existence (Crotty, 1998). Saunders et al. (2009), positioned 
objectivism and subjectivism on two sides of the continuum in ontological notation. 
Objectivism is “the assumption that social reality that we research is external to social 
actors” (Saunders et al., 2009). Subjectivism assumes that social reality is made from the 
perceptions and actions of social actors (Saunders et al., 2009). Epistemology is the study 
of knowledge that concerns the assumptions about the development and nature of (what 
constitutes acceptable and valid) knowledge, and how knowledge can be conveyed to 
others (Burrell and Morgan, 1979). Epistemologically, positivists believe that observable 
and measurable facts constitute knowledge (i.e., knowledge is objective) (Saunders  
et al., 2009). Critical realists hold the epistemological relativism position (Reed, 2005) 
that knowledge is historically situated, and facts are socially constructed (subjectivism) 
(Bhaskar, 2008). Epistemologically, interpretivists believe that humans interpret their 
experiences of and in the world, and it constitutes knowledge (i.e., knowledge is 
subjective) (Hiller, 2016; Constantino, 2008; Pascale, 2011). Axiology refers to the role of 
values in research (Saunders et al., 2009). The values and beliefs of the research have an 
important role in building the research narrative, and they can either influence the 
research (rising interpretivist research) or the researcher can remain unbiased regarding 
values (positivist research).  
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The nature of inquiry in this research involves the assessment of preparedness for 
BIM adoption for building permits in municipalities, and as such interpreted through 
experiences and perceptions of stakeholders related to it. It can be argued that the reality 
about readiness for BIM-based building permits in municipalities is internal to individuals 
and therefore suggesting ontological subjectivism. Epistemologically, in this research, the 
development and nature of knowledge is considered subjective implying interpretivism; 
thus, gathered data is largely qualitative using semi-structured interviews, literature 
review, and document observations. As qualitative research is inherently value-laden, 
the pragmatism position in this study has led to adoption of a mixed-method approach, 
which attempts to keep the integrity of results free from any possible interference of 
personal values.  

2.2 Research design  
The research design refers to the plan and procedures for conducting research that 
covers the decisions from broad assumptions to detailed data collection and analysis 
methods (Creswell, 2009). According to Fellows and Liu (2008), research design is about 
the way in which a researcher finds answers to research questions, and it covers the type 
of research, research approach, empirical design, data collection methods, and data 
analysis methods. The selection of research design relies on the research problem, the 
researcher’s personal experience, and the community for whom the research will be 
performed (Creswell, 2009). 

Due to the explorative and then followed by the descriptive nature of this research, 
a mixed-method research approach (using both qualitative and quantitative approaches 
to collect and analyse data) is adopted to answer the research questions. Exploratory 
research is a study that explores phenomena or areas that are little known (Kumar, 2011) 
and identifies variables and generates hypotheses for further research (Fellows and Liu, 
2008). Descriptive research is about systematically describing and documenting a 
phenomenon of interest (Fellows and Liu, 2008). The selected research design offered an 
in-depth understanding of the nascent subject in this research. The research design 
allowed the study to be concluded within a reasonable period of time and the collection 
of quality data.  

2.3 Research process 
Figure 2 shows the research process of this study. To achieve the aim of the research, an 
overall research question was formulated, and the overall research question was broken 
down into four specific research questions in a way that the systematic answers to these 
four specific questions lead to an answer of the overall research question. The research 
started with a systematic literature review of BIM adoption in AEC/FM industry, which 
derived a generic model for BIM adoption processes. This was followed by a case study 
to elaborate the BIM adoption process for building permits and the factors affecting it, 
using a qualitative method (documents, participant observation, and interviews). Using 
case studies and collecting data through online questionnaires and from relevant 
documents, readiness for the BIM-based building permit process was assessed based on 
multiple criteria decision analysis. The next section describes the literature review and 
the case study research processes.   
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Figure 2: Research process. 

2.3.1 Systematic literature review 
Systematic literature reviews refer to thoroughly designed and performed literature 
reviews that aim to identify, analyse, and synthesize all the available high-quality 
scientific evidence in order to answer a particular research question (Torgeson et al., 
2017). The systematic literature review was carried out following the recommendations 
and guidelines of Gough (2007), and Bearman et al. (2012). The review was performed in 
two phases; the aim of the first phase was to capture an overview of BIM adoption in the 
construction industry to understand better the global scenario of BIM adoption in 
different countries, applications of BIM in the building lifecycle, and obstacles to BIM 
adoption. The second phase of the systematic literature review was specifically focused 
to answer research question 1: What are the BIM adoption processes in AEC/FM?   

The literature search was carried out in November 2018 and updated in 2019.  
Keywords were searched in six databases: Scopus, Web of Science (Clarivate Analytics), 
ASCE Library, EBSCOhost Web, Science Direct, and Emerald Insight. These databases 
were selected for their inclusive coverage of peer-reviewed journal articles and 
conference proceedings. The articles returned from database searches were then listed 
in order of relevance to the search strings. The articles were screened based on their 
titles, and if necessary, on their abstracts, to determine relevant articles to the research 
question. The relevant articles were then transferred to Mendeley Reference Manager 
and duplicate articles were removed using Mendeley software. The literature search 
resulted in a total of 319 relevant papers and in the content analysis, NVivo was used; 
findings were drawn and an analytical framework for BIM adoption processes was 
derived (Ullah et al., 2020).  

2.3.2 Case study  
Case study research is defined by Yin (2003) as “an empirical inquiry that investigates a 
contemporary phenomenon within its real-life context, especially when the boundaries 
between phenomenon and context are not clearly evident”. According to Robson (2002), 
a case study is a research strategy focusing on explaining in detail a particular contemporary 
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phenomenon within its setting, using a variety of data collection methods, such as 
interviews, observations, documents, questionnaires, etc. Using a variety of data sources 
provides the opportunity that the phenomenon to be examined through a multitude of 
lenses compares to one lens, allowing for the exploration of various aspects of the 
phenomenon (Baxter and Jack, 2008). Saunders et al. (2009), stated that a case refers to 
the specific unit of study or analysis, which can be a person, an institution, an event,  
a place, a thing, a process, etc. Case study is one of the most powerful research 
approaches to achieve both practical and theoretical aims and it offers a level of flexibility 
compared to other approaches (Ebneyamini et al., 2018).  The case study approach was 
adopted to find answers to research questions 2, 3, and 4.  

Single case study was used to answer research question 2 (What is the BIM adoption 
process for building permits?) and research question 3 (What are the factors that affect 
BIM adoption for building permits?). The case study was carried out in the Tallinn City 
Government, a municipal organization responsible for granting building permits. The Tallinn 
City Government is adopting a BIM-based building permit process under a project by the 
Ministry of Economic Affairs and Communication, Estonia. It is important to note that the 
project by the Ministry of Economic Affairs and Communication is a national-level project, 
to enable BIM-based building permits in all municipalities. However, the scope of this case 
study was limited to the Tallinn City Government. Data were collected via document 
analysis, participant observations, and five face-to-face interviews with experts during 
January and February 2020. The content and thematic analysis of the collected data 
revealed the BIM adoption process for building permits in the case of the Tallinn City 
Government (research question 2) on the basis of the analytical framework derived in the 
initial stage of the research from the literature (Ullah et al., 2020).  

To answer research question 3, 7 semi-structured interviews were carried out with 
stakeholders related to the BIM-based building permits process in the Tallinn City 
Government during December 2020 and January 2021. The interviewees were purposively 
selected, and the online interviews lasted between 45 and 60 minutes. The interviews 
were audio-recorded, transcribed, and analyzed with the help of NVivo software.  
The thematic analysis of the gathered data not only identified the factors affecting BIM 
adoption for building permits but also revealed the details on how these factors affect 
BIM adoption for a building (Ullah et al., 2022). The identified factors were then 
categorized into three groups: technology, organizational and environmental factors using 
the Technology-Organizational-Environmental framework (Tornatzky et al., 1990).  

A Multiple case studies strategy was adopted for research question 4 (How can 
readiness for BIM-based building permits be assessed?). In order to assess readiness for 
BIM-based building permits, three cases were selected: Dubai Municipality (United  
Arab Emirates), Tallinn City Government (Estonia), and the City of Vantaa (Finland). These 
municipalities were selected on the basis of their projects related to BIM-based building 
permits. For the readiness assessment of BIM-based building permits, a method of 
Multiple Criteria Decision Methods (MCDM) was used. MCDM deals with the evaluation 
of a set of alternatives in the presence of multiple, usually conflicting, decision criteria 
(Zavadskas et al., 2014), to order the alternatives on the basis of preferences (Roy, 1996). 
There are many MCDM methods; in this research Complex Proportional Assessment 
(COPRAS) developed by Zavadskas et al. (1994), was used under fuzzy logic. The COPRAS 
method determines the priority and the utility degree of alternatives based on the criteria 
weights and the criteria rating with respect to alternatives (Zavadskas et al., 1994).  
The general decision-making matrix of the COPRAS method is shown in Table 2.  
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Table 2: The general decision-making matrix (adapted from Zavadskas et al., 1994). 

Criteria 
 

* Units of 
measure 

Weights Alternatives 
1 2 … 𝑗𝑗 … 𝑛𝑛 

𝑥𝑥1 𝑧𝑧1 𝑚𝑚1 𝑞𝑞1 𝑥𝑥11 𝑥𝑥12 … 𝑥𝑥1𝑖𝑖  … 𝑥𝑥1𝑛𝑛 
𝑥𝑥𝑖𝑖2 𝑧𝑧2 𝑚𝑚2 𝑞𝑞2 𝑥𝑥21 𝑥𝑥22 … 𝑥𝑥2𝑖𝑖  … 𝑥𝑥2𝑛𝑛 
… … … … … … … … … … 
𝑥𝑥𝑖𝑖  𝑧𝑧𝑖𝑖  𝑚𝑚𝑖𝑖  𝑞𝑞𝑖𝑖  𝑥𝑥𝑖𝑖1 𝑥𝑥𝑖𝑖2 … 𝑥𝑥𝑖𝑖𝑖𝑖  … 𝑥𝑥𝑖𝑖𝑛𝑛 
… … … … … … … … … … 
𝑥𝑥𝑚𝑚  𝑧𝑧𝑚𝑚 𝑥𝑥𝑚𝑚  𝑞𝑞𝑚𝑚 𝑥𝑥𝑚𝑚1 𝑥𝑥𝑚𝑚2 … 𝑥𝑥𝑚𝑚𝑖𝑖  … 𝑥𝑥𝑚𝑚𝑛𝑛 

 
For readiness assessment, a list of criteria related to BIM-based building permits was 

determined. Some of the criteria were from the findings of research question 3, and then 
additional criteria were included from an extensive literature search. In total, 25 criteria 
were determined and grouped into technology, people, process, and policies. The weights 
of the criteria were determined through the expert’s survey. The questionnaire was 
designed on the fuzzy set theory to avoid uncertainty in judgments. The experts were 
asked to rank the importance of the criteria in relation to BIM-based building permits in 
linguistic terms. Before conducting the survey, the fuzzy numbers for linguistic terms 
were set, using the Triangular Fuzzy Number (TFN). Twelve experts on BIM and building 
permits participated in the survey. After the survey, the linguistic terms were transferred 
into TFN and then de-fuzzified, and using the COPRAS method, weights of the criteria 
were determined. A number of criteria values or ratings with respect to alternatives 
(Dubai Municipality case, City of Vantaa case, and Tallinn City Government case) were 
also determined through the expert survey based on the fuzzy set theory. In total,  
six experts (from within the group of twelve experts) participated in this part of the 
survey and rated the criteria status for their corresponding case/municipality. Once the 
criteria weights and the criteria values for the corresponding three cases were 
determined, equations from COPRAS were applied, and readiness for BIM-based building 
permits in the selected three cases was assessed.  
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3 Findings 
This chapter presents the major results from the research activities. The study sets out 
to explore how BIM adoption readiness can be assessed for building permits. 

3.1 Analytical framework for BIM adoption processes  
This section responds to research question 1: What are the BIM adoption processes in 
the AEC/FM? The analytical framework for BIM adoption processes in AEC/FM industry 
given in Table 3 is derived from the synthesis of the subject literature.  The purpose of 
the analytical framework is to find out which areas are to be focused on while adopting 
BIM.  

The analytical framework uncovers the detailed practices undertaken by stakeholders 
for adopting BIM in AEC/FM organizations. The framework consists of four stages: 
initiation, planning, execution, and evaluation. Each stage is further elaborated with 
steps, which mostly refer to the actions undertaken by stakeholders once they have 
decided to adopt BIM. Since the analytical framework is developed from the literature 
review, it is important to mention that it was difficult to draw a line between the steps 
of initiation and planning. For example, some studies included steps such as IT 
requirements, BIM training in the initiation stage, while other studies included these in 
the planning stage. Thus, in Table 2, the steps are compiled according to the author’s 
best understanding and the frequency of these steps under stages in the previous 
studies.   

The initiation stage includes the context study of the organization to identify 
strengths and weaknesses. Further, the initiation stage included actions regarding 
technical context and opportunities offered by BIM tools. In the planning stage, goals and 
milestones are set and the plan of action is defined. The execution stage contains the 
actual BIM implementation, and the evaluation points out the improvement of the 
deliverables. Further details regarding the analytical framework for the BIM adoption 
process may be found in Publication II and Publication V. In the next section, this 
analytical framework is used as a reference to explore the BIM adoption for building 
permits.  
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Table 3: Analytical framework for the BIM adoption process. 
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Reviewing organization current 
situation and practices             

Defining objectives of the 
organization for adopting BIM            

Identifying challenges             
Addressing challenges            
Determining IT requirements             
Providing BIM training            
Analysis of the current resources              
Selecting BIM team & establishing roles            
Developing new business model            
Determining best practices for BIM            
Providing financial resources for BIM 
software and training            

Analysing improvement/financial gains            

Pl
an

ni
ng

 

Determining areas for BIM 
implementation            

Developing organizational BIM 
implementation strategy            

Planning procurement with software 
vendors and IT consultants            

Documentation of BIM 
implementation path            

 

Establishing effective 
communication between all 
stakeholders 

           

Identification of potential risks and 
ensuring quality of deliverables            

Ex
ec

ut
io

n 

Actual implementation of BIM, 
including piloting BIM 
implementation on projects   

           

Creation and coordination of the BIM 
model             

Monitoring and controlling BIM 
adoption to ensure that objectives are 
achieved  

           

Ev
al

ua
tio

n 
 Handovers of all BIM deliverables            

Assessment of project with the aim to 
improve the implementation approach            

Evaluation of the BIM 
implementation project to outline the 
benefits and gains from it 
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3.2 BIM adoption process for building permits  
This section answers research question 2: What is the BIM adoption process for building 
permits? A case study of the municipality in Estonia, i.e., the Tallinn City Government was 
chosen to explore and understand the BIM adoption process for building permits.  
The case study provided insight to the actions regarding adopting BIM-based building 
permits; these activities are summarized and classified in the initiation, planning, 
execution, and evaluation stages below.  

3.2.1 Initiation stage  
Implementation of BIM for building permits was initiated with a thorough assessment of 
the organization current situation and practices, which guide towards defining objectives 
and milestones. In the case of the Tallinn City Government, the existing permitting 
process is an “e-permitting system”, which enables the applicants to submit 2D drawings 
in pdf form; however, in the municipality, these are manually reviewed for compliance 
checking with laws and regulations. This manual process is complex, and the various 
departments of the municipality involved in the building permits are not properly 
integrated. In order to overcome these inefficiencies in the existing building permit 
processes, the municipality is integrating BIM into building permits. The results showed 
that the focus is to use BIM models in open formats, such as Industry Foundation Class 
(IFC) instead of 2D drawing and then at the municipality automatic code compliance 
checking. The municipality is aiming for maximum of automatic checks. Further,  
cost-benefit analyses were performed and according to the project documents, both the 
potential time saving and financial savings of BIM-based building permits for the 
municipality were found substantial.   

Since BIM adoption is a challenging process, the Tallinn City Government is faced with 
many challenges while adopting BIM. These challenges are related to organizational 
structure, workforce, and technical issues. To deal with workforce challenges, the 
municipality is providing different levels of BIM training to its employees. These training 
were not only important for the capacity building of employees for using BIM-based 
permits technology but also to create awareness regarding it. The technology for the 
BIM-based building permit system to be used by the Tallinn City Government is being 
developed by the Ministry of Economic Affairs and Communication through a software 
firm.  

3.2.2 Planning stage 
Effective implementation of BIM-based building permits rests upon proper planning.  
Planning includes developing an organizational strategy for BIM implementation. In the 
Tallinn City Government case, inputs of different stakeholders, i.e., from the ministry and 
a local university, are incorporated. The main web-based environment, which enables 
the submission of BIM models for building permit applicants and then potential 
automatic code compliance checking, will be provided by the ministry. However, any 
additional IT requirements are planned to be procured from the private sector. Further, 
it is planned to establish effective communication among different departments involved 
in processing building permits through the e-construction platform. Meanwhile, the 
municipality identified the potential risks associated with BIM-based building permits, 
both organizational and technical. The municipality is ensuring that all the departments 
involved in issuing building permits have the required level of technology and skills.    
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3.2.3 Execution stage  
At the time of the case study data collection, the developed web-based environment for 
BIM-based building permits was having the capacity of 60 checks for building permits, 
such as building maximum height, evacuation routes, facade materials, maximum ground 
area, location in the zoning plan, safety barriers, space minimum door width, Maximum 
story above ground. Piloting of the system was carried out with BIM models of a 5-storey 
apartment submitted in IFC format. After processing of the BIM model, the results of the 
automatic checks were extracted. The pilot project demonstrated that a number of 
checks were working properly. It also showed shortcomings in some checks that require 
improvements. The pilot project was considered as a big milestone to demonstrate the 
BIM-based building permit process and solid steps towards the actual BIM models 
utilization for building permits by the municipality. 

At the time of data collection for this study, the municipality was focusing on the 
technology (which also includes translating laws and regulations into a machine-readable 
form) for BIM-based building permits and building employee’s skills for BIM-based 
building permits. The municipality stakeholders stated that this will be followed by 
accepting BIM models from applicants for building permits for real projects.   

3.2.4 Evaluation stage 
The interviewees from the case study stated that based on the pilot project the 
developed system is evaluated to indicate the shortcomings. However, a full evaluation 
is feasible once the BIM-based building permits system will be used for real projects by 
the applicants. Then the system can be improved with both user feedback and internal 
assessment.   

The BIM adoption for building permits using the case of the Tallinn City Government 
is outlined in detail in Publication II. 

3.3 Factors affecting BIM adoption for building permits  
This section responds to research question 3: What are the factors that affect BIM 
adoption for building permits? Adopting BIM in any organization is a complex process, as 
BIM has multidimensional contexts; beyond the technology, it involves people, 
information, and process (Oesterreich and Teuteberg, 2019). As a socio-technical 
phenomenon, various factors affect BIM adoption. To identify the factors affecting BIM 
adoption for building permits, a case study of the Tallinn City Government was carried 
out. From the thematic analysis of interviews, the following factors were identified.  

3.3.1 Complexity of the BIM-based building permit systems 
The findings illustrated that the complexity lies in the development of the BIM-based 
building permit system and apart from that, using the BIM-based building permit is 
another challenge. In the development of BIM-based building permit systems, one of the 
complex tasks is the translation of laws and regulations into machine-readable form, 
which is central to automatic or partially automatic code compliance checking. Further, 
in the case of the Tallinn City Government, it was observed that the aim is to develop a 
web-based environment in which the municipality’s employees can perform the checks 
on the submitted BIM models, without requiring any external additional software.  
Thus, in order to develop such a system, additional efforts are required.  
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The interviewees highlighted that another challenge is from the user’s point of view 
because the majority of the municipality employees are familiar with the existing system 
of building permits (which is based on a 2D drawing in pdf form), which means that the 
majority of employees might not have BIM skills.    

3.3.2 Relative advantages/disadvantages of BIM for building permits 
The interviewees stated that the potential advantages offered by BIM-based building 
permits, such as visualization, collaboration & integration, automation, 3D data reuse, 
efficiency, acted as an enabler for adopting BIM for building permits. 

3.3.3  The existing building permit system  
In the case of the Tallinn City Government, the building permits are held through an  
“e-permitting system” from 2016, which is capable of accepting 2D drawings in pdf form; 
the element of digitalization on a small scale is already existing. According to the 
interviewees, due to the benefits offered by the existing system compared to that based 
on paper submission, it acted as an enabler for further digitalization in the form of  
BIM-based building permits. 

3.3.4 Management support 
The findings showed that management support is a key for successful BIM-based building 
permits. The top management role is important not only for the arrangement of the 
required technology but also for arranging BIM training, BIM awareness, etc.  

3.3.5 Organizational culture  
Organizational culture includes the attitudes, values, norms, and behaviors of the 
organization members. Organizational culture is important for the adoption of any 
innovative technology because some members will show interest due to its perceived 
usefulness while others might not because of the perceived complexity. In the current 
case study, the results showed that the majority of the people were found interested in 
BIM-based building permits. The interviewees stated that apart from training, the technical 
development of the BIM-based building permit system was aimed to be user-friendly, 
and this plays a role in creating a positive attitude towards the new system. 

3.3.6 Awareness about BIM-based building permits  
For successful BIM-based building permits, BIM awareness among the organization’s 
employees is significant. BIM awareness is also associated with creating positive 
organizational culture toward BIM adoption. The interviewees stated that introductory 
programmes and BIM training were aimed to create awareness regarding BIM-based 
building permits.  

3.3.7 Training and learning for the BIM-based building permit process 
The findings showed that in the case of the Tallinn City Government, different levels of 
training programmes (from basic to advance) regarding BIM-Based Building Permit were 
performed and are planned for the future. It was observed that training is one of the 
main enablers for BIM-based building permits since it also minimizes some of its 
challenges.  
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3.3.8 Lack of experts on the BIM-based building permit process 
The interviewees highlighted that since the exiting building permit system is based on 2D 
drawing, one of the challenges is the lack of experts on the BIM-Based building permit 
process.  

3.3.9 External pressure 
Since BIM adoption in AEC/FM is on the rise and the BIM-based building permit provides 
a potential possibility of using those BIM models in building permit applications.  
The ongoing experiments on BIM-based building permits in other countries and the 
momentum of BIM adoption in AEC/FM industry were found as motivation in the current 
case study.   

3.3.10 Legal context 
According to the interview results, the legal context cannot be ignored for building 
permits. However, in the current case study, the BIM-based building permit is in its initial 
stage. Once it is fully used and evaluated to improve it, it can be mandated for certain 
sizes and types of projects in future.   

The identified factors affecting BIM adoption for BIM-based building permits were 
grouped into technological, organizational, and environmental factors using the 
Technology–Organization–Environment framework (Tornatzky et al., 1990) shown in 
Table 4.  Further details are given in Publication III.  
  
Table 4: Factors affecting BIM adoption for the building permit process. 

Technological factors  
 

Complexity in developing and using BIM-based 
building system 
Relative advantages/disadvantages of BIM for 
building permits 
Existing building permit system 

Organizational factors  
 

Management support for BIM-based building permit 
Organizational culture  
Awareness about BIM-based building permits 
Training and learning for the BIM-based building 
permit process 
Lack of experts on the BIM-based building permit 
process 

Environmental factors  External pressure  
Legal context  

3.4 Readiness assessment for BIM-based building permits  
This section presents the results for research question 4: How can readiness for  
BIM-based building permits be assessed? The results are achieved from the multiple case 
studies: Dubai Municipality (Case 1), Tallinn City Government (Case 2), and City of Vantaa 
(Case 3). First multiple criteria for BIM-based building permits were determined, and 
then using Fuzzy-COPRAS the readiness for BIM-based building permits in the three 
selected cases/municipalities was assessed. The results of the readiness assessment are 
presented in Table 5. 
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Table 5: Readiness assessment for the BIM-based building permit processes. 

Criteria 
* Units Weights 

Alternatives 
Case 1 Case 2 Case3 

Te
ch

no
lo

gy
  

Simplicity of the BIM-based 
building permit system 

+ Rating 0.0411 0.3000 0.3667 0.3333 

Compatibility with existing 
building regulations and 
codes 

+ Rating 0.0447 0.3448 0.3448 0.3103 

Interoperability with relevant 
systems and databases 

+ Rating 0.0404 0.3214 0.3571 0.3214 

Maintainability + Rating 0.0378 0.2885 0.2885 0.4230 
Supporting open standards + Rating 0.0461 0.3333 0.3333 0.3333 
Cost (e.g., capital, running, 
etc.) 

- Rating 0.0314 0.4167 0.2500 0.3333 

BIM implementation in the 
local construction industry 

+ Rating 0.0375 0.2308 0.3462 0.4230 

Pe
op

le
 

Top management support  + Rating 0.0440 0.3333 0.3333 0.3333 
Availability of employees with 
BIM skills + Rating 0.0404 0.2250 0.2250 0.5500 

Qualifications of the 
professionals dealing with 
building permits 

+ Index 0.0368 0.5714 0.1429 0.2857 

Availability of training 
programmes + Rating 0.0400 0.2500 0.3750 0.375 

Willingness of employees to 
use a BIM-based building 
permit process 

+ Rating 0.0440 0.2632 0.3509 0.3859 

Building permit applicants' 
interest in using a BIM-based 
building permit process 

+ Rating 0.0411 0.2353 0.3333 0.4313 

Pr
oc

es
s 

Comprehensiveness of code 
compliance checks  + Rating 0.0425 0.3400 0.3600 0.300 

System allows pre-submission 
checks of BIM models by 
applicants  

+ Rating 0.0378 0.3333 0.3333 0.3333 

Efficiency of existing/ 
previous (not BIM-based) 
building permit process 

+ Score 0.0310 0.3617 0.3327 0.3056 

Potential time saving  + Rating 0.0414 0.2553 0.4255 0.3191 
Potential cost saving + Rating 0.0368 0.2727 0.3864 0.3409 
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Table 5: Readiness assessment for the BIM-based building permit processes (Continued)  

Criteria 
* Units Weights 

Alternatives 
Case 1 Case 2 Case3 

Po
lic

ie
s 

Level of information 
standardization (BIM 
standards, BIM protocol, 
classification systems, etc.) 

+ Rating 0.0432 0.2727 0.3636 0.3636 

BIM model submission 
guidelines for the BIM-based 
building permit process 

+ Rating 0.0411 0.3158 0.2982 0.3859 

BIM mandate in the local 
construction industry + Rating 0.0404 0.3333 0.2667 0.4000 

Support by government + Rating 0.0429 0.3333 0.3333 0.3333 
Clarity and easy access to 
building laws, regulations and 
building permit requirements  

+ Index 0.0418 0.3333 0.3333 0.3333 

e-governance  + Index 0.0371 0.3113 0.3447 0.3439 
Legal framework of the BIM-
based building permit 
process 

+ Rating 0.0389 0.2045 0.4091 0.3863 

 The sum of weighted normalised maximining 𝑆𝑆+𝑖𝑖 0.2927 0.3220 0.3485 
 The sum of weighted normalised minimizing 𝑆𝑆−𝑖𝑖 0.0130 0.0078 0.0104 
 Significance of the alternatives  𝑄𝑄𝑖𝑖 0.3045 0.3361 0.3594 
 Priority of Alternatives 3 2 1 
 Utility degree of alternatives  𝑁𝑁𝑖𝑖 84.76 93.55 100 

 
The results indicated that supporting open standard, compatibility with existing 

building regulations and codes, and support from the top management are the most 
important criteria for BIM-based building permits. The results showed that case 3: the 
City of Vantaa was found more prepared for BIM-based building permits, followed by the 
Tallinn City Government and then the Dubai Municipality. It is important to note that the 
readiness assessment was not aimed to identify the best technical solution or software 
for BIM-based building permits, as the readiness for BIM-based building permits was 
investigated in the selected municipalities from a multi-dimensional context.  

Since Finland is one of the early adopters of BIM, the high values of criteria, such as 
BIM implementation in the local construction industry, BIM mandate in the local 
construction industry, maintainability of the system, BIM training, are understandable 
for the City of Vantaa case. In the technical criteria, which are directly connected to the 
BIM-based building permit system, it was found that in all three cases, the focus is on 
BIM models in open standards such as IFC. Further, in all three cases, an approximately 
similar trend of values was observed for criteria, such as top management support, 
system capability, to perform pre-checks by applicants, and clarity and easy access to 
building laws regulations and other requirements.  

Full details regarding readiness assessment for BIM-based building permits are 
reported in Publication IV.  
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4 Conclusions and recommendations  

4.1 Conclusions 
The construction industry is undergoing a major transition in the form of adopting digital 
tools and Building Information Modelling (BIM) is considered as the center of this change. 
Inspired by the ongoing digitalization in the construction industry and with the potential 
opportunities offered by BIM, building control authorities or municipalities are 
attempting to use BIM for an efficient building permit process.   

The aim of this doctoral research was to facilitate BIM adoption for building permits 
by assessing organizational readiness. The research adopted pragmatic research 
philosophy and explored the subject of the study from different perspectives using a 
mixed-method research approach.  

On the basis of a systematic literature review, an analytical framework was developed 
for the BIM adoption process in the AEC/FM industry. The analytical framework 
presented an overview of different steps that can be taken to adopt BIM. The research 
identified the BIM adoption process for building permits using case study and gathering 
data through a qualitative approach. The research also determined several factors that 
affect BIM adoption for building permits through a qualitative approach – collecting data 
through semi-structured interviews and classified the identified factors into 
technological, organizational, and environmental factors. Some of the identified factors 
were found as enablers to BIM-based building permits while others were found as 
challenges regarding BIM-based building permits. The research identified a list of 25 
criteria related to BIM-based building permits, categorized them into technology, people, 
process, and policies, and determined their importance level through a questionnaire 
survey. Finally, the research assessed the readiness for BIM-based building permits in 
three selected municipalities/organizations responsible for issuing building permits, 
using a multiple criteria decision method, i.e., Fuzzy-COPRAS.   

This study concludes that BIM can potentially be leveraged for an efficient building 
permit process; however, adopting BIM is a complex task and it can face various 
impediments. Municipalities aiming for the BIM-based building permit process must 
develop technological and organizational capabilities to achieve appropriate outcomes. 
The technical solution or software accepting and processing BIM models for building 
permits should be easy to use and capable of exchanging data in open standards. Further, 
the developed technical solution should be capable of performing a maximum number 
of automated code compliance checks. The organization management role is vital for 
achieving the BIM-based building permit process. Similarly, BIM training for the 
employees responsible for the building permit process are significant. Since applicants 
are important stakeholders in the building permit process, the benefits of BIM utilization 
in building permits are also reliant on the widespread implementation of BIM in the local 
construction industry. The government can play a role in BIM use in building permits by 
providing funds and appropriate legislation.   

As a theoretical and practical contribution of this research, the identified analytical 
framework could be used to facilitate BIM adoption in AEC/FM organizations. The research 
results on BIM adoption for building permits and factors influencing it will assist 
municipalities, in particular on better understanding of BIM use in building permits and 
how to successfully adopt BIM for building permits. The importance level of criteria for 
BIM-based building permits guides the stakeholders, which should be the focus and 
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priority in terms of BIM-based building permits. This research would contribute to the 
existing body of knowledge on building permits and achieving an efficient building permit 
process.   

4.2 Limitations  
The analytical framework was identified from a systematic literature review; during the 
literature research, some relevant articles might have been missed out. The BIM 
adoption process for building permits and factors affecting it was explored through a 
single case study. Using multiple case studies might have resulted in a more detailed BIM 
adoption process for building permits. The data used in the readiness assessment for 
BIM-based building permits was mainly collected through expert’s survey and the sample 
size of experts was small.  However, the experts who participated were well-informed 
and the author is confident that the study results are robust.  

4.3 Recommendations for future research  
The analytical framework for BIM adoption processes can be used in future studies for 
exploring BIM adoption in any other organization. The multiple case studies approach 
can be used to further explore the BIM adoption process for building permits.  Future 
studies can update the list of criteria and can assess the readiness for BIM-based building 
permits using any other MCDM methods, such as Analytical Hierarchy Process, Analytical 
Network process. The developed readiness assessment tool can be used to assess 
readiness for BIM-based building permits in other municipalities. The research results 
can be used to develop a decision support system that enables recommendations for 
BIM-based building permits depending on the input data.   
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Abstract 

Readiness assessment for BIM-based building permits using 
multiple criteria analysis  
To improve its performance, the construction industry is adopting digital technologies 
such as Building Information Modelling (BIM). BIM refers to the digital representation of 
the physical and functional characteristics of built objects such as buildings, roads, 
bridges, etc. to serve as a shared knowledge source enabling communication and 
collaboration and forming a reliable basis for decisions during a built asset’s life cycle. 
BIM constitutes a paradigm shift in the construction industry and has the potential to be 
beneficially leveraged for many purposes such as efficient design, cost estimation, site 
utilization, design and construction integration, facilities management, energy simulations, 
etc. The scope of this research concerns the potential applications of BIM for building 
permits.  

Municipalities grant permission for the construction of buildings once they have 
checked and confirmed the compliance of the designs and other required information 
with the local building rules and regulations. This permission takes the form of an official 
document known as a building permit. Building permits are an integral part of the design 
and construction process, with a critical role in ensuring the safety and long-standing of 
buildings. Obtaining a building permit is a complex process involving many stakeholders 
and procedures which are often unclear, error-prone, bureaucratic, resource-intensive, 
difficult to track, and time-consuming. Inspired by the ongoing digitalization in the 
construction industry and to address the issues associated with the traditional building 
permit process, municipalities are adopting BIM to improve their building permit process. 
However, despite its many potential advantages, adopting BIM in any organization is 
challenging.  

The purpose of this doctoral research is to facilitate BIM adoption for building permits 
by assessing organizational readiness. To achieve the research purpose, the overall 
research question was formulated as: How can BIM adoption readiness be assessed for 
building permits? This was elaborated into four more specific research questions: 

Research question 1 – What are the BIM adoption processes in Architecture, 
Engineering, Construction, and Facilities Management (AEC/FM)? 

Research question 2 – What is the BIM adoption process for building permits? 
Research question 3 – What are the factors that affect BIM adoption for building 

permits? 
Research question 4 – How can readiness for BIM-based building permits be assessed? 
For research question 1, a systematic literature review of BIM adoption processes in 

AEC/FM was performed and content analysis of the literature resulted in the derivation 
of a generic framework for BIM adoption processes.  

Research question 2 was approached using a case study methodology with data 
collection through the examination of documents, participant observations, and 
interviews. This led to a process of BIM adoption for building permits in a municipality 
being outlined.  

Interviews were carried out in response to research question 3 and this resulted in 
the identification of the factors affecting BIM adoption for building permits.  

For research question 4, cases of BIM-based building permits were selected from 
three countries, and data were gathered through document analysis and a questionnaire 
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survey. Analysis using a Multiple Criteria Decision Method (MCDM) enabled the 
readiness assessment for BIM-based building permits in the selected cases. 

This research has demonstrated how BIM can be adopted in municipalities for 
building permitting to overcome the problems associated with traditional building permit 
procedures. In addition, it has revealed the enablers and challenges of BIM adoption for 
building permits. A key contribution of this research is that it has developed a tool to 
assess readiness for BIM-based building permits. 

These research results have both theoretical and practical implications. They 
contribute to the small but growing body of knowledge regarding BIM-based building 
permits and, more broadly, to the existing research on BIM adoption in the AEC/FM 
industry. From a practical perspective, the research results provide guidance to 
stakeholders and practitioners, mainly in municipalities, who seek to efficiently adopt 
BIM for building permits. 

The limitations of this study include that it considered only one case for 
demonstrating a BIM adoption process for building permits and three cases for assessing 
readiness for BIM-based building permits. In addition, the sample size of interviews and 
the questionnaire survey were relatively small. 

Future research is recommended to consider multiple cases of municipalities 
adopting BIM to generate a more comprehensive knowledge on the subject. Further, the 
developed tool for readiness assessment can be used in future studies in other 
municipalities which are adopting BIM-based building permits.  

 
Keywords: Building Information Modelling (BIM), Building permit, BIM adoption, 
Multiple Criteria Decision Method (MCDM), readiness, municipalities, AEC/FM 
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Lühikokkuvõte 

BIM-i põhiste ehituslubade valmiduse hinnang 
hulgikriteeriumide analüüsi meetodil  
Ehitusala toimimise parendamiseks võetakse kasutusele uusi tehnoloogiaid, nagu 
ehitusinfo modelleerimine (BIM). BIM viitab ehitiste, nagu hooned, teed, sillad jne, 
füüsiliste ja funktsionaalsete omaduste digitaalsele esitusele, olles jagatud teadmiste 
allikas, võimaldades osaliste suhtlemist ja koostööd ning kujundades seeläbi 
usaldusväärse aluse otsustele läbi terve ehitiste elukaare. BIM kujutab ehitusala 
paradigmade muutust. Sellel on potentsiaali edukaks kasutamiseks ehitusala mitmes 
valdkonnas, nagu tulemuslik projekteerimine, eelarvestamine, tööde korraldamine 
ehitusplatsil, projekteerimise ja ehitamise integreerimine, kinnisavarakorraldus, 
energiakasutuse simulatsioonid jne. Käeoleva uurimuse käsitlusala keskendub BIM-i 
võimalikule kasutamisele ehituslubade menetlemisel. 

Kohalikud omavalitsused väljastavad hoonetele ehitusloa pärast seda, kui on 
kontrollinud projekti ja muu nõutava teabe vastavust kehtivatele eeskirjadele ja 
seadustele. See luba muutub ametlikuks dokumendiks ehk ehitusloaks. Ehitusluba on 
projekteerimis- ja ehitusprotsessi lahutamatu osa, mille peamine roll on tagada hoonete 
ohutus ja pikaajaline püsivus. Ehitusloa taotlemine on keeruline protsess, millesse on 
kaasatud palju osalejaid ja protseduure, mis on sageli ebaselged, ekslikud, 
bürokraatlikud, ressursimahukad, halvasti jälgitavad ja aeganõudvad. Inspireerituna 
jätkuvast ehitusala digitaliseerimisprotsessist ja lahendamaks traditisoonilise ehitusloa 
väljastamisega kaasnevaid probleeme, kaasavad kohalikud omavalitsused loamenetluse 
parendamiseks BIM-i. Hoolimata rohketest potentsiaalsetest eelistest, on BIM-i 
kasutuselevõtt igas organisatsioonis keeruline. 

Käesoleva doktoritöö eesmärk on kaasa aidata BIM-i kasutuselevõtule ehituslubade 
menetlemisel, hinnates organisatsioonilist valmisolekut. Uurimuse eesmärgi täitmiseks 
formuleeriti põhiline uuringuküsimus: Kuidas saab BIM-valmidust hinnata ehituslubade 
väljastamisel? Seda arendati edasi neljaks spetsiifiliseks uuringuküsimuseks: 

1. uuringuküsimus: Millised on BIM-i kasutuselevõtu protsessid arhitektuuri- ja 
konstruktsiooniosa projekteerimisel ning ehitamisel ja kinnisvara korralduses? 

2. uuringuküsimus: Milles seisneb BIM-i kasutuselevõtu protsess ehituslubade 
menetlemisel? 

3. uuringuküsimus: Millised tegurid mõjutavad BIM-i kasutuselevõttu ehituslubade 
menetlemisel? 

4. uuringuküsimus: Kuidas saab hinnata valmisolekut BIM-I põhiste ehituslubade 
kasutuselevõtuks? 

Esimesele uuringuküsimusele vastamiseks koostati süstemaatiline kirjanduse 
ülevaade BIM-i kasutuselevõtu protsessidest ja sisu anlüüsi tulemusena koostati BIM-i 
kasutuselevõtu protsesside üldine raamistik.  

Teisele uuringuküsimusimusele vastamiseks kasutati juhtumiuuringu meetodit ja 
koguti andmeid dokumentidest, osalejate tähelepanekutest ja intervjuudest. Selle 
tulemusel saadi ülevaade tüüpilise kohaliku omavalitsuse BIM-i kasutuselevõtu 
protsessist.  

Kolmandale uuringuküsimusele vastamiseks intervjueeriti osalejaid ja selle tulemusel 
selgitati välja tegurid, mis mõjutavad BIM-põhiste ehituslubade väljastamist.  
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Neljandale uuringuküsimusele vastamiseks valiti kolmest riigist BIM-i põhiste 
ehituslubade juhtumid, mille andmed saadi dokumentide analüüsimisel ja küsimustikest. 
Valitud juhtumite valmisolekut BIM-põhiste ehitulubade kasutuselevõtuks analüüsiti 
hulgikriteerimide meetodil (MCDM). 

Käesolev uuring demonstreeris, kuidas kohalikud omavalitsused saavad väljastada 
BIM-põhiseid ehituslube ja vältida traditsioonilise menetlusega kaasnevaid probleeme. 
Lisaks selgusid puudused ja kitsaskohad BIM-i rakendamisel. Käesoleva uuringu 
võtmepanus on töövahendi loomine hindamaks BIM-põhistele ehituslubadele ülemineku 
valmidust.  

Uuringutulemustel on nii teoreetilised kui ka praktilised väljundid. Need panustavad 
seni vähese, kuid kasvava teadmistepagasi parendamisse BIM-põhiste ehituslubade 
menetlemisel ja veelgi üldisemalt BIM-i kasutuselevõtule arhitektuuri- ja 
konstruktsiooniosa projekteerimisel, ehitusprotsessis ja kinnisvarakorralduses. Praktika 
seisukohast annavad uuringutulemused juhiseid huvitatud osalejatele ja eelkõige 
kohalike omavalitsuste töötajatele, kes otsivad tulemuslikke võimalusi BIM-põhiste 
ehituslubade menetlemiseks. 

Uuringus piirduti ühe juhtumiuuringuga kirjeldamaks BIM-põhise ehitusloa 
väljastamise protsessi ning kolme juhtumuuringuga hindamaks BIM-põhise ehitusloa 
väljastamise valmidust. Lisaks oli näidisuuringu valimi maht küsitlustest ja intervjuudest 
ülevaate tegemiseks suhteliselt väike. 

Jätkuuuringutes tuleks BIM-i põhiste ehituslubade valmidushinnangute 
üldistusvõime suurendamiseks laiendada kohalike omavalitsuste valimit. Käesoleva 
uuringu raames välja töötatud hinnangumeetodit saab kasutada teistes omavalitsustes, 
kes soovivad juurutada BIM-põhiste ehituslubade väljastamist. 

 
Võtmesõnad: ehitusinfo modelleerimine (BIM), ehitusluba, BIM-i  kasutuselevõtt, 
hulgikriteerimide meetod, valmisolek, kohalikud omavalitsused, projekteerimine, 
ehitamine, kinnisvarakorraldus 
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Publication I 
Ullah, K., Lill, I., & Witt, E. (2019). An overview of BIM adoption in the construction 
industry: Benefits and barriers. In 10th Nordic Conference on Construction Economics 
and Organization. Emerald Publishing Limited. https://doi.org/10.1108/S2516-
285320190000002052 (Conference paper: ETIS classification 3.1)

https://doi.org/10.1108/S2516-285320190000002052
https://doi.org/10.1108/S2516-285320190000002052
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���������	
		����� ������������������������� !"#������$�����%&'��(���)(��)��)����*�����(�)�%����� !"#������$�����%��(�+'#����%���������,�(���&"���*�-����������)(���)�.��/�-��)���%�������+'#�-.������+'#%���0��������)�����%�%.)(�%�.����%12�3�����)(� �4���)&�����3����5����)�����-����65�%����%���%&7(�%)����%�5��5%��3�������3��.%%�.���%��3�%����������)���%����)����+'#�����������(��� !"#���.%��,��&�&�#�����&8�9:���;������&8��:�0(�)((��(���(��(���(���)1��+'#����%�%����-�<��5���������)�--���,��������)(�������&=�0�3���0(��-.��)��������%��)����������+'#��(�%,%��-0(�)(�%)���5�����.��-���)���,)(�)1���%.5-�����+'#-����%�����%�%���.��%������.������%����%��5���3��������%��)()�.���,(�%�(����0��.��%������.������%&>�-���-�%��(��.��%������.������%��%�3��,���--.��)������,��-.��)������,0��(���(�%�-�)�.���,&'��(�).�����)�%�%�.�,��������)(�������%�5%��3������������3��������(����0�%,%��-�0(�)(%(�.��5�0�565�%���(�3��%�-���.%���������)��%.���������%�������%����5�5�%�����(��%������+'#%�������&7(��%%.����(���)1��%.���5��%���0����%��%��%%�)�����0��(?��+'#��������������5.���������-��%��%(��(���(������(�%�.�,��@���������&8��:&7(�(��()�%��%%�)�����0��(%���0����%������5��������+'#��������8�A:B(�0�3����(�).�����%�.�,������)���.����,/���)������/).��,��)��5,7 ?��0���%���������+'#65�%��5.���������-�����)�%%&7(�-������%������(�%������%��5��(���(���)(�����,����(�+'#65�%��5.���������-�����)�%%�%���3����5,#��� �����)������(����3���-���%.�����)�����,�1�,���������5�����+'#65�%��5.���������-�����)�%%��-.��)��������%&C��3��.%%�.���%����)���%����)����+'#����������������)�-���*��,�����������(����/).��,��.%���+'#����%�%������(�-�����)���%�����*�-�������(�%�.���%5,�(.<�8�D:����?���%�����?����0���8DD:&7(�%)����%�5��5%��3�����(�/�����%���(�).�����)�%�%�.�,&=�0�3������������-���-�$��(�)�-���*��,���(�%+'#65�%��5.���������-��%,%��-��(���3�������������)��)����%0�565�%���0��(����%,6��6.%��������)������%)���5�����.��-����)(�)1%�))����������%�������%&7(�/�����%���(�%%�.�,%(�0�(��������(�-�%��-����������5���%�����������+'#���5.���������-��%�%%��1�(�����%E���)������%���(������������3������%�%%�)�����0��(+'#��)(�����,&2�����3���3������%������,����)��(���)�%���%�����-�����6-����������+'#�5.���%��)��%-���3����%����(��-���,��%���(�������$�����&�%�����������(��������.�������*�-����5,=�������&8AF:�5���/�%�%%�)�����0��(�(��-���-����������+'#����%����/)���-���3���������)���&7(�������,�*�%�������-%������)��)�%0�����.��3�������%.))�%%�.�+'#�-���6-�������������(������)�����%����)�����(��7 ?�%���������3��,������%������.����(�).�����)���)��,���(�2���%�����+.������%���))����������/��%&7(��������(��*�%����5�%�)�6���-��%,%��-GH�3������(����-�0��1��>(�(�����&8�:I��7 ?E%������%��0���%�+'#65�%��5.���������-�����)�%%%(�0%�(���%���65,6%���������)()��5��������������).����,���(�-.��)��������%����3�������)�.�����%�(��-�,��)��������/���)������/).����%&����6��0�������)(0�%�5%��3�����(�).�����)�%�%�.�,J���)�%������-���-�����-����������+'#�����(���(�������)���3��3�-������(���3����-����(�%����(�%,%��-���������������(��-���,��%&7(�%%(�0%�(�%����/)��)������-��6���-���%.������%�-�<�����3������������+'#�0(�)((�%��%�5���(��(���(��������3��.%%�.���%8D���D:& (�������%����������(���)1��+'#�*����%0����5%��3��J����*�-�����(������3��0�����)�����%%������(���).������,����,�3��,%-����.-5����������0��1�����7 ?(�3��5�)1���.����.%���+'#& ���������0��%�����%���������+'#��7 ?�����������������������������������������-%���������,.����0�,�������%%�(�%�%%.�&'�0�%�5%��3���(���(��.���%�����������)�.�%�%0�%������,���������%1���%��3����-����5.���%�)������+'#�0�����%%����)(�����).��.�����%�%���)���+'#&7(�%�����%0��(�(�%�.���%��H������7��8D�:���#�����&8�9:�(���-�(�%�$��(�����������������������������%.))�%%�.�+'#�-���-��������&



���������	
		����� ���������������������� !���"������#$��%�"��������������%�#"��������&����'���()�����������&�����*��������&���*����#�������%�����&����+$��%�� !���"����, ��-./0!��'���)�������"����$�����#%������%��"��1�*������������%�����������"�� !, ��������������&��2�%�#��*������&��� !�������2�����3�1��3��4��'�#��1���'�%�#"�����&�*�������1���"���� !�����&�����%����&���5%�#"����������3������$2%�����%���'����$""������'���)������6�����"�� !���������#��������&���#��4��"��������, ��&�%�����7.8��&���������$%&�9������%�#"��������#"����'��'��:%���"����$�������"��� !(2����2$�����'"��#��"��%���,7&�$'&�&������*��3�����������*���#$%&�����#�������'�����'��'���2���%�����%%�����'��;&�&�����,<�=�����������&�$��2�'�*������'��%��%���������9�#"����������������&�%��:���������1�����%$���1������'��,7&��������%&�����&����$������� !(2����2$�����'"��#��"��%������&�3�&��� !�#"��#�����������%%$����'��'�*���#����'��%������#$��%�"��������2$�� !���"����21#$��%�"���������"����%$����1���:%$������%�#��3��&#��1%&�����'��,>�3�*������&�3�21�&��9�#"������$%%����$�� !(2����2$�����'"��#��"��%�����21�&��$�����'���.�����$%�����$�&����1��;��'�"���?.��1��@������0������?���*����$��9"���#������A����%%�$�������#$��%�"���������%��'����:%���%�����2$�����'"��#����&�$��%��������&�"��������2���:������ !(2����"��#��"��%���, �%�#"������3��&"��*��$���$����3&�%&&�*�#����1��%$�����"�����1"��/���$��������� !(2����2$�����'"��#��"��%���������������������$��������'$�����������#�%&���(�����2�����#������%,��&$�"��*����'���%&��%��"���"�%��*���&�#���%��(���2$�������&��"�"�������������*����'��������&�� !(2����2$�����'"��#��"��%������#����'���)�������"���"�%��*�,7&���$�1��*�����&�����"���'� !����&�2$�����'"��#��"��%�����#$��%�"���������"$2��%��'$�����1��'���)��������%&�����'��'�2$�#��(�'�#����$""����2���:������%�����3��&�&�� !(2����2$�����'"��#���1���#�����1��*��*�#�����#$��%�"����1�#"��1����&��$'&�������'"��'��#������ !�3�������%������%���%����1�����3�����$%%����$�� !(2����2$�����'"��#��"��%����#"��#��(������,7&����'��%�����$�1�B$�������*��""���%&�#"��1��&�����2����&���(��"�&$�����������'���&�"&���#����$������*����'�����5� !���"�������2$�����'"��#��"��%�����'6�&��$'&�&�����'&���������*��3���3&�&�*�%����������&�����'��57.86����������������&�"&���#�������#�&����3�5$��B$�6�����"�����,7&��&��$�*��������%&�#$�����%����*��3���&���'���)�������%����9��3&�%&��*��$�2�����$��&����'�$�$�����������'���&��������*��1��3������������%&,>�3�*������%��&��������%&��2����������'��%�����$�1�3&�%&����&����&��������3�'��������"�&�&���%�#"�����*�����1�����#$���"��%�����$�����&��3�$���������%%�$������&�5��'���)�������6��������%��2��3���%�������#�1������#���&�'�������)�2����1�����:����'�����&��#$��%�"����������%�$������, �����������&��$#2���������*��3�5C63��������*��1��3,7&�$'&����'���$#2���������*��3���3����������1����%�"��������#�1&�*���*�����������������"�%�:%����'&����&��$�&������%��:�����&���&�:����'�������#����������&�#��������%����������2$��������$���4��1��&�*�2�����'��:%����1����%���21�$��&�������*��3�,D&�������&���9�����'��$������� !���"������%�������&��-./0!���$���1&�*�#����1�#"��1��B$��������*�#��&�����&����*����'�����&��$����B$�������*��""���%&�����2����$�����������'�����4�&������E"��%�"��������&�%����9���7.8E�� !(2����"��%������2$�����'"��#�������������&�����*����������������%�����&������%���,;$%&���9"�������1��$�1��*�����������2�$��&�������*��#"�����%�����������%������1�������%&��%��������$�$����$����3�����*����'����&��$���'B$��������*���#�9��#��&���""���%&������*���#����������������#�����,!����*����$�$����$���������%�$��'����&��"#���'����&�%&�����'������%�����3��&� !(2����2$�����'"��#��"��%����������9�#"����&��$'&#$���"��%�������������#���������&���*���"#�������%������$""����1���#����� !(2����2$�����'"��#��"��%�����, �����������&�:����'����&����$�1%��2�$������$�$��������%&3��&���'����#"����)����%$����������#����'�&�%����%���$%%�����%�������������'����������%��*��#"��#����������� !(2����2$�����'"��#��"��%��$���,



���������	
		����� �������������������� ! "#$%�&'()*+,*-" .,/�0-",-"# / +#�/�1234$-!�/,*"-5*#-�"+�+3!)*+13"-!6-2*$-#- +���/-"# ,/*#-",&'(-"#�#) -/43-$.-",2 /1-#2/�! .3/ +.3 #�#) 2�# "#-*$4 " 7#+�-8 8��*+# /�!) *2 /�1�/ #/*"+2*/ "#�*". *+- /#/*!9-",#)*"1*"3*$2/�! ++-",8:�0 ; /�#) -12$ 1 "#*#-�"��*&'(64*+ .43-$.-",2 /1-#2/�! ++-+!)*$$ ",-",.3 #�;*/-�3+�*!#�/+8<)-+2*2 /-. "#-7 .�*!#�/+*�� !#-",&'(*.�2#-�"��/43-$.-",2 /1-#+#)/�3,)*!*+ +#3.%8<) / +2�"+ +�/�1+ ; "-"# /;- 0  +/ +3$# .-"#) -. "#-7!*#-�"���=�*!#�/+*�� !#-",&'(*.�2#-�"��/43-$.-",2 /1-#2/�! ++ +>? @�12$ A-#%B-"4�#). ; $�21 "#*".3+ C��&'(64*+ .43-$.-",2 /1-#+%+# 1+D? � $*#-; *.;*"#*, +E.-+*.;*"#*, +��&'(��/43-$.-",2 /1-#+D? <)  A-+#-",43-$.-",2 /1-#+%+# 1D? (*"*, 1 "#+322�/#��/*&'(64*+ .43-$.-",2 /1-#2/�! ++D? F/,*"-5*#-�"*$!3$#3/ D? &'(*0*/ " ++D? </*-"-",*".$ */"-",D? G;*-$*4$  A2 /#-+ �"&'(64*+ .43-$.-",2 /1-#2/�! ++ +D? HA# /"*$2/ ++3/ D? I ,*$!�"# A#8J�1 ��#) -. "#-7 .�*!#�/+0 / ��3".#�4 +-1-$*/#��*!#�/+*�� !#-",&'(*.�2#-�"B, " /*$$%C-"#) GH@EK(-".3+#/%�0) / *+�#) /+0 / +2 !-7!#�#) 43-$.-",2 /1-#2/�! ++8L+-",#) < !)"�$�,%MH";-/�"1 "#MF/,*"-5*#-�"�/*1 0�/9�#) -. "#-7 .�*!#�/+0 / !*# ,�/-5 .-"#�#)/  ,/�32+8K*!#�/++3!)*+#) / $*#-; *.;*"#*, ��&'(�&'(#/*-"-",�*".1*"*, 1 "#+322�/#0 / ��3".#�4  "*4$ /+��*&'(64*+ .43-$.-",2 /1-#2/�! ++8N*/#-!3$*/!)*$$ ", +0 / / ; *$ .-"# /1+��#) # !)"-!*$. ; $�21 "#��*&'(64*+ .43-$.-",2 /1-#2/�! ++8<) +#3.%��3".#)*#+2 !-*$*## "#-�"+)�3$.4 ,-; "#�#) . ; $�21 "#2)*+ ��+%+# 1+��/&'(64*+ .43-$.-",2 /1-#2/�! ++ +-"�/. /#�. !/ *+ #)  �� !#+��!�12$ A-#%��# !)"�$�,%�" ".3+ /+8<) 7".-",+��#)-++#3.%*/  A2 !# .#�!�"#/-43# #�#) +1*$$�43#,/�0-",�4�.%��/ + */!)�"&'(64*+ .2/�! ++-",��43-$.-",2 /1-#+8<) / +3$#+*/ -12�/#*"#��/234$-!*3#)�/-#- +O3". /+#*".-",��4�#)#)  "*4$ /+*".!)*$$ ", +��&'(64*+ .43-$.-",2 /1-#2/�! ++ +�*".)*; 2/*!#-!*$-12$-!*#-�"+��/2/�� ++-�"*$+-"234$-!*3#)�/-#- +-"2*/#-!3$*/�*".*$+�-"#) GH@EK(-".3+#/%-", " /*$�#�,3-. #) -/+# 2+-"*.�2#-",&'(8P�QR�S���QS�T�Q����U@�"! 2#3*$-5*#-�"�V8L8�H8W8*".'8I8D1 #)�.�$�,%�V8L8*".H8W8D-"6; +#-,*#-�"�V8L8D+��#0*/ �V8L8D��/1*$*"*$%+-+�V8L8D;*$-.*#-�"�H8W8D0/-#-",X�/-,-"*$./*�#2/ 2*/*#-�"�V8L8D0/-#-",X/ ;- 0*". .-#-",�H8W8*".'8I8D+32 /;-+-�"�'8I8*".H8W8D2/�Y !#*.1-"-+#/*#-�"�'8I8D�3".-",*!Z3-+-#-�"�H8W8*".'8I8G$$*3#)�/+)*; / *.*".*,/  .#�#) 234$-+) .; /+-�"��#) 1*"3+!/-2#8[��\��]U<)-+/ + */!)0*++322�/# .4%#) &'(6 "*4$ .I */"-",H";-/�"1 "#��/̂ -,-#*$@�"6+#/3!#-�"B&H_Ĥ '@<C2/�Y !#B,/*"#"314 />̀=̀=6�6HH=�6VG̀ =a6=����aC�(-"-1-5-",#) -"b3 "! ��!�/�"*;-/3+-"*43-$# ";-/�"1 "#B('@�F&HC2/�Y !#B,/*"#"314 />̀=̀=6�6I<=�6VG̀ =a6=�c�==C�J#/ ",#) "-",L"-; /+-#%6H"# /2/-+ @�$$*4�/*#-�"��/� +-$- "#@�113"-#- +-"G+-*BJH@�GC2/�Y !#B,/*"#"314 />d��=̀ 6̀HNN6�6̀=̀=6�6JH6HNNVG̀ 6@&:H6eNC*".#) '"# ,/*#-",H.3!*#-�"0-#)@�"6+31 /& )*;-�3// $ ;*"##�H" /,%H�7!- "!%*".@$-1*# @)*", *##) L"-; /+-#- +���3++-*�J/-I*"9*�*".&*",$*. +)B&H@VC2/�Y !#B,/*"#"314 />��c��d6HNN6�6̀=�c6�6I<6HNNVG̀ 6@&:H6eNC*$$!�6�3". .4%#) H/*+13+fN/�,/*11 ��#) H3/�2 *"L"-�"8<) H3/�2 *"@�11-++-�"+322�/##�2/�.3! #)-+234$-!*#-�".� +"�#!�"+#-#3# *" ".�/+ 1 "#��#) !�"# "#+0)-!)/ b !##) ;- 0+�"$%��#) *3#)�/+�*".#) @�11-++-�"!*""�#4 ) $./ +2�"+-4$ ��/*"%3+ 0)-!)1*%4 1*. ��#) -"��/1*#-�"!�"#*-" .#) / -"8g��Q�Q�Q���h�ijk�jlm�hS\nQhQjoj�QU_�#*22$-!*4$ 8g�p�Soj\����j�QnQhQjoj�QU'"��/1 .!�"+ "#0*+�4#*-" .�/�1*$$+34Y !#+-";�$; .-"#) +#3.%8qhQhPkh��hT���QrnQhQjoj�QU<) .*#*2/ + "# .-"#)-++#3.%*/ *;*-$*4$ �"/ Z3 +#�/�1#) !�// +2�".-",*3#)�/8
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Publication IV 

Ullah, K., Witt, E., Lill, I., Banaitienė, N., & Statulevičius, M. (2022). Readiness Assessment 
for BIM-Based Building Permit Processes using Fuzzy-COPRAS. Journal of Civil Engineering 
and Management. (Journal paper: ETIS classification 1.1) 
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�$%&�'()*+,)-�*.)/011012��3,-(,-41�3.)5�'�161+05'+,/�7,+0.'+8.0�.09,0:�;� ����<  ������� ���=	�����>�����?	  @�ABCDBEBFGDH�BIJKLMNINDHO�BD�HPN�JNKELKIGDFN�LE�HPN�FLDOHKQFHBLD�BDRQOHKS�PGMN�TNND�NUJNFHNR�EKLI�VQBWRBDC�XDELKIGHBLD�YLRNWWBDC�ZVXY[�GDR�HPBO�PGO�WNR�HL�\BRNOJKNGR�GHHNIJHO�GH�BHO�GRLJHBLD]�XD�JGKGWWNŴ�HPNKN�PGO�TNND�CKL\BDC�BDHNKNOH�GILDC�KNONGKFPNKO�HL�NUGIBDN�VXY�GRLJHBLD�JKLFNOONO�HLCNHPNK�\BHP�HPN�FLDOHKGBDHO�HPNS�EGFN̂�GDR�HPBO�OQCCNOHO�HPGH�HPNKN�BO�DL\�G�DNNR�ELK�GD�QJ_HL_RGHN̂�OHGHN_LE_HPN_GKH�LMNKMBN\�LE�VXY�GRLJHBLD�KNONGKFP]�̀PN�JQKJLON�LE�HPBO�OHQRS�BO�HL�KNMBN\�GDR�GDGWSON�NUBOHBDC�VXY�GRLJHBLD�KNONGKFP�BD�LKRNK�HL�OSDHPNOBON�HPNBK�EBDRBDCO�GDR�RNKBMN�GD�LMNKGWW�QDRNKOHGDRBDC�LE�VXY�GRLJHBLD�JKLFNOONO]�̀L�GFPBNMN�HPBO�JQKJLON�G�OSOHNIGHBF�KNMBN\�INHPLRLWLCS�\GO�ELWWL\NR]�̀PN�OFLJN�LE�HPN�KNMBN\�BO�WBIBHNR�HL�GFGRNIBF�GKHBFWNO�\KBHHND�BD�aDCWBOP�HPGH�GKN�ELFQONR�LD�VXY�GRLJHBLD�JKLFNOONO�GDR�HPN�EGFHLKO�GEENFHBDC�VXY�GRLJHBLD]�b�HLHGW�LE�cde�KNWNMGDH�GKHBFWNO�FLIJKBOBDC�IGBDWS�NUJWLKGHLKS�OQKMNSO�GDR�FGON�OHQRBNO�LD�VXY�GRLJHBLD�\NKN�BRNDHBEBNR�GDR�KNMBN\NR]�fLDHNDH�GDGWSOBO�LE�HPN�GKHBFWNO�KNOQWHNR�BD�HPN�FWGOOBEBFGHBLD�LE�VXY�GRLJHBLD�WBHNKGHQKN�BDHL�JKLgNFĤ�LKCGDBhGHBLD̂�GDR�BDRQOHKS�WNMNWO�GDR�FWGOOBEBFGHBLD�LE�EGFHLKO�GEENFHBDC�VXY�GRLJHBLD�JKLFNOO]�̀PBO�KNONGKFP�PGO�BIJWBFGHBLDO�ELK�JKGFHBFN�GDR�KNONGKFP�HPGH�HPN�FWGOOBEBFGHBLD�LE�EGFHLKO�HPGH�GEENFH�VXY�GRLJHBLD�JKLFNOO�FGD�TN�QONR�HL�PNWJ�GDGWSON�VXY�GRLJHBLD�BD�RBEENKNDH�LKCGDBhGHBLDO]�;�i=�j"kl�m�	 �	���>������	�������  	����m>�������	�����������
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[bookmark: _Toc114064350][bookmark: _Hlk112199699][bookmark: _Hlk112197180]Introduction

[bookmark: _Toc114064351]Research problem statement 

[bookmark: _Hlk107796870]To improve its performance, the construction industry is currently undergoing digitalization in the form of adopting digital tools, such as Building Information Modelling (BIM), 3D printing, robotics, drones, etc. BIM is considered as the central phenomenon in this digitalization (Stojanovska-Georgievska et al., 2022). BIM is defined as “a digital representation of physical and functional characteristics of a facility, and a shared knowledge resource for information about a facility forming a reliable basis for decisions during its lifecycle” (National Institute of Building Sciences, 2022).  BIM has the potential to be beneficially leveraged for many purposes, such as efficient design, cost estimation, site utilization, design and construction integration, facilities management, energy simulations, etc. (Azhar et al., 2011; Kreider and Messner, 2013). While the advantages of BIM are widely acknowledged in Architecture, Construction, and Engineering (AEC) firms, recent experiments and research have focused on exploring BIM application in other areas such as building permits (Kim et al., 2020; Noardo et al., 2022).

A building permit is an official document issued by the building control authorities, which allows the commencement of construction works once the design of the building complies with laws and regulations. The majority of construction projects require building permits excluding minor repairs, surface improvements, etc., however, this also depends on the local authority’s regulations. The issuance of building permits is an important milestone for construction projects (International Code Council, 2018). 
A building permit is also an important component of the institutional factors that influence the success of a construction project. A building permit is one of the ten indicators used by the World Bank for measuring a country’s business (World Bank, 2020). Most importantly the regulations for building permit ensure safe, energy-efficient, and accessible buildings (Noardo et al., 2020a).  

Obtaining a building permit is a complex process with several steps, involving a large number of actors both from industry and authorities or municipalities (Olsson et al., 2018). In many countries, the building permit process is still analogue i.e., applicants submit required information in paper format and then manual checking of the designs 
is performed at the municipalities (Olsson et al., 2018). Recently, in several countries, 
the 2D design and other requirements can be submitted online in a digital file such as pdf, etc., by the applicant, while in the municipalities, the checking process remains manual (Shahi et al., 2019). Generally, these existing building permit procedures are considered as subjective, error-prone, costly, difficult to track, which leads to ambiguity, inconsistency, and delays in the overall construction process (Olsson et al., 2018).  

Impressed with the ongoing digitalization in the construction industry and to improve its performance, municipalities are considering BIM potential applications in the building permit process. In a BIM-based building permit process, the applicant submits online BIM models along with other requirements, while at the municipality, automatic code compliance checking can be performed to grant a decision. BIM-based building permits can offer potential benefits, such as pre-checks by applicants, visualization, collaboration and integration, automatic code compliance checks, time-saving, efficiency, higher quality, and 3D data reuse (Noardo et al., 2020b). To date, the use of BIM-based building permits is not common but authorities in some countries, such as Singapore, Finland, 

The Netherlands, Austria, and Estonia, have taken solid steps towards BIM use in the building permits process (European Construction Sector Observatory, 2021; Shahi et al., 2019).

Though BIM-based building permits can offer potential benefits, BIM adoption itself is a complex phenomenon (Ngowtanasawan, 2017; Ma et al., 2019), and it can face various challenges (Georgiadou, 2019; Doan et al., 2021). Further, the benefits of BIM utilization are also reliant on the quality of the adoption process (Gurevich et al., 2017). The BIM adoption process in AEC firms has been investigated in many studies; in contrast, studies on the BIM adoption process in building permits are limited. The existing few studies are mostly focused on the technical context of BIM use in building permits, i.e., translation of laws and regulations into machine-readable form, automatic code checking, prototypes, etc.; but BIM is not just technology, it also involves people, information, process, and policies (Oesterreich and Teuteberg, 2019; Lee and Borrmann, 2020).

Meanwhile, for successful BIM implementation, organization readiness is also critical (Juan et al., 2017). Holt et al. (2007), defined readiness as “readiness collectively reflects the extent to which an individual or individuals are cognitively and emotionally inclined to accept, embrace, and adopt a particular plan to purposefully alter the status quo”. Succar (2009), defined readiness as “the level of preparation, the potential to participate or the capacity to innovate”. Liao et al. (2020), defined BIM implementation readiness as “the willingness or the state of being prepared for performing BIM implementation activities”. In this research based on the aforementioned definitions, readiness of the BIM-based building permit process is defined as the state of an organization being prepared for using BIM in building permitting in terms of technology, people, process, and policies. There is a scarcity of research that assesses the readiness for BIM-based building permits in building control authorities/municipalities.

[bookmark: _Toc114064352]Aim and scope of the research 

[bookmark: _Hlk109692328]The information-rich BIM models and the extracted data from them offer an opportunity for integrating them into the building permit process; however, it also depends on the preparedness of the building control authorities to successfully adopt BIM. Hence, the purpose of this doctoral research is to facilitate BIM adoption for building permits by assessing organizational readiness. To achieve this aim, the following overall research question was formulated: How can BIM adoption readiness be assessed for building permits? This was elaborated into four more specific research questions:

Research question 1 – What are the BIM adoption processes in Architecture, Engineering, Construction, and Facilities Management (AEC/FM)?

Research question 2 – What is the BIM adoption process for building permits?

Research question 3 – What are the factors that affect BIM adoption for building permits?

Research question 4 – How can readiness for BIM-based building permits be assessed?

A pragmatic research approach “what works” was adopted to investigate the various aspects of the overall research question further imbued in four specific research questions by applying mixed methods research and case study strategy.   

The scope of this research is limited to the observation and exploration of BIM adoption readiness for building permits in three building control authorities from three countries, namely Estonia, Finland, and the United Arab Emirates. 

[bookmark: _Toc114064353]Research significance and contribution 

This research evaluates the readiness for BIM-based building permits in building control authorities to facilitate effective BIM adoption for building permits. The results of the research will update and contribute to the body of knowledge on BIM adoption in 
AEC/FM firms generally and BIM adoption for building permits specifically. The research results provide factors affecting BIM adoption for building permits, which can inform the concerned stakeholders on what the enablers and challenges to BIM-based building permits are.

To the best of the author’s knowledge, this is the first study to use Multiple Criteria Decision Method (MCDM) in exploring organizational readiness for BIM-based building permits. The results of this study provide the areas of focus to practitioners in terms of technology, people, process, and policies regarding BIM-based building permits. 
Overall, the study results will assist the stakeholders from building control authorities/municipalities to successfully adopt BIM for building permits.  

[bookmark: _Toc114064354]Outline of the dissertation

This doctoral dissertation consists of four chapters based on five (5) published papers. The introduction provides an overview of BIM for building permits and outlines the aim, questions, scope, and justification of the research. Chapter 1 describes the research subject from the perspective of the extant literature. The methodological approaches adopted in this research are discussed in Chapter 2. The results of the research are presented in Chapter 3, while the conclusions and recommendations are given in 
Chapter 4. 











































[bookmark: _Toc114064355][bookmark: _Hlk112198706]Abbreviations

		AEC/FM 

		Architectural, Engineering, Construction, and Facility Management 



		BIM

		Building Information Modelling 



		COPRAS 

		Complex Proportional Assessment



		GIS

		Geographic Information System



		IFC

		Industry Foundation Classes



		MCDM

		Multiple Criteria Decision Methods 



		TFN

		Triangular Fuzzy Number















































































[bookmark: _Toc114064356]Terms

		BIM 

		BIM refers to the digital representation of the physical and functional characteristics of built objects such as buildings, roads, bridges, etc. to serve as a shared knowledge source enabling communication and collaboration and forming a reliable basis for decisions during a built asset’s life cycle



		BIM-based building permits

		All building permits that are processed using BIM models 













































































[bookmark: _Toc114064357]Symbols

		

		criterion



		

		Value of criterion for the alternative 



		

		Number of criteria 



		

		Number of alternatives 



		

		Utility degree of the  alternative



		

		Efficiency of the   alternative



		

		Sum of maximizing attributes 



		

		Sum of minimizing attributes 





































































[bookmark: _Toc114064358][bookmark: _Hlk112200423][bookmark: _Hlk112196972][bookmark: _Hlk107786379]1 Literature review 

[bookmark: _Toc114064359]Digitalization in the construction industry and BIM

[bookmark: _Toc460831047]The construction industry, one of the most important industries in a country’s economy, is often criticized for its lack of innovation compared to other industries (Agarwal et al., 2016). Due to continuous pressure to improve its performance, the construction industry has begun digital transformation by potential utilization of digital technologies, such as 3D printing, artificial intelligence, augmented and virtual reality, BIM, Geographic Information System (GIS), laser scanning, robotics, and sensors (Olanipekun et al., 2021). According to Barbosa et al. (2017), digitalization in construction can potentially result in a 14 to 15 percent increase in productivity and 4 to 6 percent cost savings. BIM is one of the most important developments, which is considered central to digitalization in the construction industry (Stojanovska-Georgievska et al., 2022).

BIM applications in the AEC/FM industry offer benefits in the form of saving time and cost, improving quality, and facilitating collaboration (Bryde et al., 2013). Various studies have well documented the benefits of BIM throughout the building life cycle (Azhar et al., 2011; Eastman et al., 2011). These benefits are summarized in Table 1 from Publication I. 



[bookmark: _Toc112806987]Table 1: BIM benefits through building life cycle (adapted from Ullah et al., 2019).

		Phases

		Benefits of BIM use



		Pre-Construction 

		· Improved concept and feasibility 

· Efficient site analysis to identify environmental and resource-related issues

· Effective design reviews 

· BIM-based energy simulations 

· Clash detection

· Enables faster and accurate cost estimation 



		Construction

 

		· Evaluation of the construction of complex building systems to improve the planning of resources and sequencing alternatives 

· Efficient management of the storage and procurement of project resources 

· Efficient off-site fabrication based on design model 

· Allows better site utilization 

· Reduces site congestion and improves site safety 



		Post-Construction 

		· BIM record model can help in decision-making about operations, maintenance, repair, and replacement of a facility

· Makes asset management faster, more accurate, and with more information 

· Ability to schedule maintenance and easy access to information during maintenance 











One of the main benefits of BIM is that it can facilitate collaboration and communication due to the information-rich building model (Linhard and Steinmann, 2014; Poirier et al., 2017). Information-rich building information models offer the possibility to municipalities to integrate them into building permit processes (Nawari 
et al., 2017; Onstein and Tognoni, 2017; Ponnewitz and Bargstaedt, 2019). The next section discusses BIM and its potential application in building permits.  

[bookmark: _Toc114064360][bookmark: _Hlk112199813]Building permits and BIM

Before the commencement of a construction project, its design and other details are checked by the relevant building authority; in the case that if it fulfils the requirements, a building permit is granted (Plazza et al., 2019; Fauth and Soibelman, 2022). Depending on the size and type of a project, a building permit is required for most of the construction projects with the exception of works such as surface improvements, minor repair and replacements, small structures, etc. The requirement and exemption of building permits in relation to construction work depend on the rules and regulations of the relevant building authority/municipality. Building permits are considered an important milestone for construction projects and their significance in the construction industry is well documented (Pedro et al., 2011; Fauth and Soibelman, 2022; Shahi et al., 2019). Building permits ensure safe, energy-efficient, and accessible buildings (Pedro et al., 2011; Jovanović et al., 2016). It is considered one of the institutional factors that affects the success of construction projects (Gudienė et al., 2014). 

The basic characteristics of building permit processes, especially in European countries, are similar (Pedro et al., 2011). Typically, the applicant submits the design and required information to the concerned section of the municipality, an analyst at the municipality checks the compliance of drawings with local rules and regulations demands, and in the best case, the applicant receives a building permit. However, 
the detailed procedures of the building permits, such as administrative works, submission demands, processing time, the beginning of construction works, vary in European countries (Pedro et al., 2011). Overall, the existing building permit process is considered as subjective, error-prone, inconsistent, costly, involving paperwork, and it is time-consuming (Malsane et al., 2015; Olsson et al., 2018; Fauth and Soibelman, 2022). The issues associated with current building permit processes affect the overall productivity of the construction industry.  

Since the real value of BIM lies in the “I”, i.e., structured information about the 
built asset (Kjartansdóttir et al., 2017), it can also provide potential applications in the building permit processes. In a BIM-based building permit process, the applicant submits the BIM models along with other requirements to the municipality. On the municipality’s side, in addition to visual examination, the BIM models provide the potential opportunity of automatic compliance checking against laws and regulations. If the building information models meet the local rules and regulations requirements, a building permit is granted. The structure of typical BIM-based permit processes is shown in Figure 1. 
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[bookmark: _Toc112201498]Figure 1: General conception of the BIM-based building permit process (adapted from Shahi et al., 2019).

Due to the potential benefits of BIM in building permitting, in recent years, some municipalities have integrated BIM into building permit processes to some level, for example, the City of Vantaa Finland and the Building and Construction Authority Singapore (Shahi et al., 2019). In Estonia, the Ministry of Economic Affairs and Communication is developing a BIM-based building permit process for municipalities. Similarly, the municipality of Dubai in the United Arab Emirates is developing BIM-e submission platforms to incorporate BIM into building permits. Meanwhile, municipalities in the Netherlands, Norway, Sweden, Austria, Italy, Germany and in other countries are also engaged in research projects/experiments to introduce BIM into building permits (Noardo et al., 2020b; Schranz et al., 2021; Garramone et al., 2021).  Many studies have also examined BIM applications in building permit processes (Onstein and Tognoni, 2017; Chognard et al., 2018; Narayanswamy et al. 2019; Noardo et al., 2022). One of the main requirements for the BIM-based building permit process is that the laws and regulations should be in machine-readable form. Translating of laws and regulations from natural language to machine-readable form is a difficult task. It is considered as one of the main challenges to the BIM-based building permit process 
(Kim et al., 2020). The majority of the existing studies are regarding the technological aspect of BIM-based building permits. However, literature on BIM widely admits that BIM is not just a technology, but its potential benefits rely on the process and organizational aspects as well (Juan et al., 2017). 

[bookmark: _Toc114064361]BIM adoption and readiness for BIM-based building permits 

In the BIM-specific literature, different definitions are used for BIM adoption. Meanwhile, the term adoption is used as interchangeable with implementation and diffusion (Hochscheida and Halinb, 2019; Succar and Kassem, 2015). A universal agreement on the definitions of these terms is lacking in the literature related to BIM. Roger (1983) defined adoption as “a decision to make full use of an innovation as the best course of action available”. Based on Roger’s diffusion of innovation theory, Hochscheida and Halinb (2019), described BIM adoption as a five-stage process. Awareness (first stage) occurs when the organization/potential adopter/decision-making unit is exposed to BIM or becomes aware of BIM. In the intention (second stage), the organization shows interest in the BIM and gathers further information. In the decision stage (third stage), the organization decides whether to adopt or reject BIM. In the implementation stage (fourth stage), the organization undertakes a set of actions to deploy BIM, and the confirmation stage (fifth stage) concentrates on the evaluation and further improvement. According to Succar and Kassem (2015), BIM adoption begins when an organization successfully adopts object-based modelling tools and workflows after a period of planning and preparation. The BIM adoption process in municipalities for the building permit process can be conceptualized as all the actions and steps required to take in order to use BIM for building permits.

For successful BIM adoption, organizational and industry readiness are significant. “Readiness collectively reflects the extent to which an individual or individuals cognitively and emotionally inclined to accept, embrace, and adopt a particular plan to purposefully alter the status quo” (Holt et al., 2007). According to Liao et al. (2020), 
BIM implementation readiness of a project team is the willingness or the state of 
being ready for performing BIM implementation activities. Succar (2009), defined readiness as “the level of preparation, the potential to participate or the capacity to innovate”. BIM readiness is the pre-implantation status showing the tendency of an organization or organizational unit to adopt BIM technology, and “BIM capability” as the wilful implementation of BIM tools, workflows, and protocols that are considered as the minimum ability of an organization or a team to deliver measurable outcomes 
(Succar and Kassem, 2015). On the bases of the mentioned readiness definitions, the readiness for BIM-based building permits is conceptualized as the state of being prepared for using BIM in the building permit process in terms of technology, people, process, and policies. 







[bookmark: _Toc114064362]Research methodology 

[bookmark: _Hlk107788094]Research methodology is the broad term that refers to principles, practices, and procedures systematically devised to govern research (Kazdin, 2003). Creswell (2009) described methodology as the entire process of performing research. The next section of this chapter describes the philosophical position of the research and the overall research design used in this study.

[bookmark: _Toc114064363][bookmark: _Hlk112200319]Research philosophy  

Amaratunga and Baldry (2001), stated that research should be based on a philosophical position. Saunders et al. (2009), defined research philosophy as a set of beliefs and assumptions of the researcher about the development of knowledge. Researchers have certain beliefs and assumptions (whether consciously aware of them or not) during their research (Burrell and Morgan, 1979), which influence the design of research questions, selection of data collection methods, and the interpretation of findings (Crotty, 1998). There is much discussion whether a researcher should adopt a particular philosophical position (positivism, critical realism, interpretivism, postmodernism, constructivism, pragmatism, etc.,) or consider a multi-dimensional set of continual positions (Saunders et al., 2009; Niglas, 2010). Since the aim of this research is to facilitate BIM adoption for building permits by assessing organizational readiness, it is considered suitable to adopt a pragmatic research position as the aim is towards “what works” for solving practical problems. Pragmatism research philosophy concerns actions, situations, and consequences (Cresswell, 2009). A pragmatic researcher is concerned with “what” and “how” in the research (Cresswell, 2009). According to Saunders et al. (2009), research that is based on a pragmatism perspective begins with a problem and seeks to provide practical solutions that also inform future practice.  

As research philosophy is a set of assumptions that inform and influence the way to perform research, it can be considered in terms of ontology, epistemology, and axiology. Ontology refers to “the study of being” (Crotty, 1998), and it concerns assumptions about the nature of reality and existence (Crotty, 1998). Saunders et al. (2009), positioned objectivism and subjectivism on two sides of the continuum in ontological notation. Objectivism is “the assumption that social reality that we research is external to social actors” (Saunders et al., 2009). Subjectivism assumes that social reality is made from the perceptions and actions of social actors (Saunders et al., 2009). Epistemology is the study of knowledge that concerns the assumptions about the development and nature of (what constitutes acceptable and valid) knowledge, and how knowledge can be conveyed to others (Burrell and Morgan, 1979). Epistemologically, positivists believe that observable and measurable facts constitute knowledge (i.e., knowledge is objective) (Saunders 
et al., 2009). Critical realists hold the epistemological relativism position (Reed, 2005) that knowledge is historically situated, and facts are socially constructed (subjectivism) (Bhaskar, 2008). Epistemologically, interpretivists believe that humans interpret their experiences of and in the world, and it constitutes knowledge (i.e., knowledge is subjective) (Hiller, 2016; Constantino, 2008; Pascale, 2011). Axiology refers to the role of values in research (Saunders et al., 2009). The values and beliefs of the research have an important role in building the research narrative, and they can either influence the research (rising interpretivist research) or the researcher can remain unbiased regarding values (positivist research). 

The nature of inquiry in this research involves the assessment of preparedness for BIM adoption for building permits in municipalities, and as such interpreted through experiences and perceptions of stakeholders related to it. It can be argued that the reality about readiness for BIM-based building permits in municipalities is internal to individuals and therefore suggesting ontological subjectivism. Epistemologically, in this research, the development and nature of knowledge is considered subjective implying interpretivism; thus, gathered data is largely qualitative using semi-structured interviews, literature review, and document observations. As qualitative research is inherently value-laden, the pragmatism position in this study has led to adoption of a mixed-method approach, which attempts to keep the integrity of results free from any possible interference of personal values. 

[bookmark: _Toc114064364]Research design 

The research design refers to the plan and procedures for conducting research that covers the decisions from broad assumptions to detailed data collection and analysis methods (Creswell, 2009). According to Fellows and Liu (2008), research design is about the way in which a researcher finds answers to research questions, and it covers the type of research, research approach, empirical design, data collection methods, and data analysis methods. The selection of research design relies on the research problem, the researcher’s personal experience, and the community for whom the research will be performed (Creswell, 2009).

Due to the explorative and then followed by the descriptive nature of this research, a mixed-method research approach (using both qualitative and quantitative approaches to collect and analyse data) is adopted to answer the research questions. Exploratory research is a study that explores phenomena or areas that are little known (Kumar, 2011) and identifies variables and generates hypotheses for further research (Fellows and Liu, 2008). Descriptive research is about systematically describing and documenting a phenomenon of interest (Fellows and Liu, 2008). The selected research design offered an in-depth understanding of the nascent subject in this research. The research design allowed the study to be concluded within a reasonable period of time and the collection of quality data. 

[bookmark: _Toc114064365]Research process

Figure 2 shows the research process of this study. To achieve the aim of the research, an overall research question was formulated, and the overall research question was broken down into four specific research questions in a way that the systematic answers to these four specific questions lead to an answer of the overall research question. The research started with a systematic literature review of BIM adoption in AEC/FM industry, which derived a generic model for BIM adoption processes. This was followed by a case study to elaborate the BIM adoption process for building permits and the factors affecting it, using a qualitative method (documents, participant observation, and interviews). Using case studies and collecting data through online questionnaires and from relevant documents, readiness for the BIM-based building permit process was assessed based on multiple criteria decision analysis. The next section describes the literature review and the case study research processes.  



[image: ]



[bookmark: _Toc112201499]Figure 2: Research process.

[bookmark: _Toc114064366]Systematic literature review

Systematic literature reviews refer to thoroughly designed and performed literature reviews that aim to identify, analyse, and synthesize all the available high-quality scientific evidence in order to answer a particular research question (Torgeson et al., 2017). The systematic literature review was carried out following the recommendations and guidelines of Gough (2007), and Bearman et al. (2012). The review was performed in two phases; the aim of the first phase was to capture an overview of BIM adoption in the construction industry to understand better the global scenario of BIM adoption in different countries, applications of BIM in the building lifecycle, and obstacles to BIM adoption. The second phase of the systematic literature review was specifically focused to answer research question 1: What are the BIM adoption processes in AEC/FM?  

The literature search was carried out in November 2018 and updated in 2019.  Keywords were searched in six databases: Scopus, Web of Science (Clarivate Analytics), ASCE Library, EBSCOhost Web, Science Direct, and Emerald Insight. These databases were selected for their inclusive coverage of peer-reviewed journal articles and conference proceedings. The articles returned from database searches were then listed in order of relevance to the search strings. The articles were screened based on their titles, and if necessary, on their abstracts, to determine relevant articles to the research question. The relevant articles were then transferred to Mendeley Reference Manager and duplicate articles were removed using Mendeley software. The literature search resulted in a total of 319 relevant papers and in the content analysis, NVivo was used; findings were drawn and an analytical framework for BIM adoption processes was derived (Ullah et al., 2020). 

[bookmark: _Toc114064367]Case study 

Case study research is defined by Yin (2003) as “an empirical inquiry that investigates a contemporary phenomenon within its real-life context, especially when the boundaries between phenomenon and context are not clearly evident”. According to Robson (2002), a case study is a research strategy focusing on explaining in detail a particular contemporary phenomenon within its setting, using a variety of data collection methods, such as interviews, observations, documents, questionnaires, etc. Using a variety of data sources provides the opportunity that the phenomenon to be examined through a multitude of lenses compares to one lens, allowing for the exploration of various aspects of the phenomenon (Baxter and Jack, 2008). Saunders et al. (2009), stated that a case refers to the specific unit of study or analysis, which can be a person, an institution, an event, 
a place, a thing, a process, etc. Case study is one of the most powerful research approaches to achieve both practical and theoretical aims and it offers a level of flexibility compared to other approaches (Ebneyamini et al., 2018).  The case study approach was adopted to find answers to research questions 2, 3, and 4. 

Single case study was used to answer research question 2 (What is the BIM adoption process for building permits?) and research question 3 (What are the factors that affect BIM adoption for building permits?). The case study was carried out in the Tallinn City Government, a municipal organization responsible for granting building permits. The Tallinn City Government is adopting a BIM-based building permit process under a project by the Ministry of Economic Affairs and Communication, Estonia. It is important to note that the project by the Ministry of Economic Affairs and Communication is a national-level project, to enable BIM-based building permits in all municipalities. However, the scope of this case study was limited to the Tallinn City Government. Data were collected via document analysis, participant observations, and five face-to-face interviews with experts during January and February 2020. The content and thematic analysis of the collected data revealed the BIM adoption process for building permits in the case of the Tallinn City Government (research question 2) on the basis of the analytical framework derived in the initial stage of the research from the literature (Ullah et al., 2020). 

[bookmark: _Hlk107498871]To answer research question 3, 7 semi-structured interviews were carried out with stakeholders related to the BIM-based building permits process in the Tallinn City Government during December 2020 and January 2021. The interviewees were purposively selected, and the online interviews lasted between 45 and 60 minutes. The interviews were audio-recorded, transcribed, and analyzed with the help of NVivo software. 
The thematic analysis of the gathered data not only identified the factors affecting BIM adoption for building permits but also revealed the details on how these factors affect BIM adoption for a building (Ullah et al., 2022). The identified factors were then categorized into three groups: technology, organizational and environmental factors using the Technology-Organizational-Environmental framework (Tornatzky et al., 1990). 

A Multiple case studies strategy was adopted for research question 4 (How can readiness for BIM-based building permits be assessed?). In order to assess readiness for BIM-based building permits, three cases were selected: Dubai Municipality (United 
Arab Emirates), Tallinn City Government (Estonia), and the City of Vantaa (Finland). These municipalities were selected on the basis of their projects related to BIM-based building permits. For the readiness assessment of BIM-based building permits, a method of Multiple Criteria Decision Methods (MCDM) was used. MCDM deals with the evaluation of a set of alternatives in the presence of multiple, usually conflicting, decision criteria (Zavadskas et al., 2014), to order the alternatives on the basis of preferences (Roy, 1996). There are many MCDM methods; in this research Complex Proportional Assessment (COPRAS) developed by Zavadskas et al. (1994), was used under fuzzy logic. The COPRAS method determines the priority and the utility degree of alternatives based on the criteria weights and the criteria rating with respect to alternatives (Zavadskas et al., 1994). 
The general decision-making matrix of the COPRAS method is shown in Table 2. 

[bookmark: _Toc112806988]Table 2: The general decision-making matrix (adapted from Zavadskas et al., 1994).
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For readiness assessment, a list of criteria related to BIM-based building permits was determined. Some of the criteria were from the findings of research question 3, and then additional criteria were included from an extensive literature search. In total, 25 criteria were determined and grouped into technology, people, process, and policies. The weights of the criteria were determined through the expert’s survey. The questionnaire was designed on the fuzzy set theory to avoid uncertainty in judgments. The experts were asked to rank the importance of the criteria in relation to BIM-based building permits in linguistic terms. Before conducting the survey, the fuzzy numbers for linguistic terms were set, using the Triangular Fuzzy Number (TFN). Twelve experts on BIM and building permits participated in the survey. After the survey, the linguistic terms were transferred into TFN and then de-fuzzified, and using the COPRAS method, weights of the criteria were determined. A number of criteria values or ratings with respect to alternatives (Dubai Municipality case, City of Vantaa case, and Tallinn City Government case) were also determined through the expert survey based on the fuzzy set theory. In total, 
six experts (from within the group of twelve experts) participated in this part of the survey and rated the criteria status for their corresponding case/municipality. Once the criteria weights and the criteria values for the corresponding three cases were determined, equations from COPRAS were applied, and readiness for BIM-based building permits in the selected three cases was assessed. 

[bookmark: _Toc114064368]Findings

This chapter presents the major results from the research activities. The study sets out to explore how BIM adoption readiness can be assessed for building permits.

[bookmark: _Toc114064369]Analytical framework for BIM adoption processes 

This section responds to research question 1: What are the BIM adoption processes in the AEC/FM? The analytical framework for BIM adoption processes in AEC/FM industry given in Table 3 is derived from the synthesis of the subject literature.  The purpose of the analytical framework is to find out which areas are to be focused on while adopting BIM. 

The analytical framework uncovers the detailed practices undertaken by stakeholders for adopting BIM in AEC/FM organizations. The framework consists of four stages: initiation, planning, execution, and evaluation. Each stage is further elaborated with steps, which mostly refer to the actions undertaken by stakeholders once they have decided to adopt BIM. Since the analytical framework is developed from the literature review, it is important to mention that it was difficult to draw a line between the steps of initiation and planning. For example, some studies included steps such as IT requirements, BIM training in the initiation stage, while other studies included these in the planning stage. Thus, in Table 2, the steps are compiled according to the author’s best understanding and the frequency of these steps under stages in the previous studies.  

The initiation stage includes the context study of the organization to identify strengths and weaknesses. Further, the initiation stage included actions regarding technical context and opportunities offered by BIM tools. In the planning stage, goals and milestones are set and the plan of action is defined. The execution stage contains the actual BIM implementation, and the evaluation points out the improvement of the deliverables. Further details regarding the analytical framework for the BIM adoption process may be found in Publication II and Publication V. In the next section, this analytical framework is used as a reference to explore the BIM adoption for building permits. 




[bookmark: _Toc112806989]Table 3: Analytical framework for the BIM adoption process.

		Stages 

		

















Detailed steps

		Ozener et al. (2020)

		Rivera et al. (2019)

		Sodangi (2019)



		Almuntaser et al. (2018)



		Kouch (2018)



		Hochscheid and Halin (2018)

		Ahn et al. (2016)

		Machado et al. (2016)



		Khosrowshahi &  Arayici (2012)

		Arayici et al. (2011)

		Gu and London (2010)



		Initiation

		Reviewing organization current situation and practices 

		

		

		

		

		

		

		

		

		

		

		



		

		Defining objectives of the organization for adopting BIM

		

		

		

		

		

		

		

		

		

		

		



		

		Identifying challenges 

		

		

		

		

		

		

		

		

		

		

		



		

		Addressing challenges

		

		

		

		

		

		

		

		

		

		

		



		

		Determining IT requirements 

		

		

		

		

		

		

		

		

		

		

		



		

		Providing BIM training

		

		

		

		

		

		

		

		

		

		

		



		

		Analysis of the current resources  

		

		

		

		

		

		

		

		

		

		

		



		

		Selecting BIM team & establishing roles

		

		

		

		

		

		

		

		

		

		

		



		

		Developing new business model

		

		

		

		

		

		

		

		

		

		

		



		

		Determining best practices for BIM

		

		

		

		

		

		

		

		

		

		

		



		

		Providing financial resources for BIM software and training

		

		

		

		

		

		

		

		

		

		

		



		

		Analysing improvement/financial gains

		

		

		

		

		

		

		

		

		

		

		



		Planning

		Determining areas for BIM implementation

		

		

		

		

		

		

		

		

		

		

		



		

		Developing organizational BIM implementation strategy

		

		

		

		

		

		

		

		

		

		

		



		

		Planning procurement with software vendors and IT consultants

		

		

		

		

		

		

		

		

		

		

		



		

		Documentation of BIM implementation path

		

		

		

		

		

		

		

		

		

		

		



		

		Establishing effective

communication between all stakeholders

		

		

		

		

		

		

		

		

		

		

		



		

		Identification of potential risks and ensuring quality of deliverables

		

		

		

		

		

		

		

		

		

		

		



		Execution

		Actual implementation of BIM, including piloting BIM implementation on projects  

		

		

		

		

		

		

		

		

		

		

		



		

		Creation and coordination of the BIM model 

		

		

		

		

		

		

		

		

		

		

		



		

		Monitoring and controlling BIM adoption to ensure that objectives are achieved 

		

		

		

		

		

		

		

		

		

		

		



		Evaluation 

		Handovers of all BIM deliverables

		

		

		

		

		

		

		

		

		

		

		



		

		Assessment of project with the aim to improve the implementation approach

		

		

		

		

		

		

		

		

		

		

		



		

		Evaluation of the BIM implementation project to outline the benefits and gains from it

		

		

		

		

		

		

		

		

		

		

		





[bookmark: _Toc114064370]BIM adoption process for building permits 

This section answers research question 2: What is the BIM adoption process for building permits? A case study of the municipality in Estonia, i.e., the Tallinn City Government was chosen to explore and understand the BIM adoption process for building permits. 
The case study provided insight to the actions regarding adopting BIM-based building permits; these activities are summarized and classified in the initiation, planning, execution, and evaluation stages below. 

[bookmark: _Toc114064371]Initiation stage 

Implementation of BIM for building permits was initiated with a thorough assessment of the organization current situation and practices, which guide towards defining objectives and milestones. In the case of the Tallinn City Government, the existing permitting process is an “e-permitting system”, which enables the applicants to submit 2D drawings in pdf form; however, in the municipality, these are manually reviewed for compliance checking with laws and regulations. This manual process is complex, and the various departments of the municipality involved in the building permits are not properly integrated. In order to overcome these inefficiencies in the existing building permit processes, the municipality is integrating BIM into building permits. The results showed that the focus is to use BIM models in open formats, such as Industry Foundation Class (IFC) instead of 2D drawing and then at the municipality automatic code compliance checking. The municipality is aiming for maximum of automatic checks. Further, 
cost-benefit analyses were performed and according to the project documents, both the potential time saving and financial savings of BIM-based building permits for the municipality were found substantial.  

Since BIM adoption is a challenging process, the Tallinn City Government is faced with many challenges while adopting BIM. These challenges are related to organizational structure, workforce, and technical issues. To deal with workforce challenges, the municipality is providing different levels of BIM training to its employees. These training were not only important for the capacity building of employees for using BIM-based permits technology but also to create awareness regarding it. The technology for the BIM-based building permit system to be used by the Tallinn City Government is being developed by the Ministry of Economic Affairs and Communication through a software firm. 

[bookmark: _Toc114064372]Planning stage

Effective implementation of BIM-based building permits rests upon proper planning.  Planning includes developing an organizational strategy for BIM implementation. In the Tallinn City Government case, inputs of different stakeholders, i.e., from the ministry and a local university, are incorporated. The main web-based environment, which enables the submission of BIM models for building permit applicants and then potential automatic code compliance checking, will be provided by the ministry. However, any additional IT requirements are planned to be procured from the private sector. Further, it is planned to establish effective communication among different departments involved in processing building permits through the e-construction platform. Meanwhile, the municipality identified the potential risks associated with BIM-based building permits, both organizational and technical. The municipality is ensuring that all the departments involved in issuing building permits have the required level of technology and skills.   

[bookmark: _Toc114064373]Execution stage 

At the time of the case study data collection, the developed web-based environment for BIM-based building permits was having the capacity of 60 checks for building permits, such as building maximum height, evacuation routes, facade materials, maximum ground area, location in the zoning plan, safety barriers, space minimum door width, Maximum story above ground. Piloting of the system was carried out with BIM models of a 5-storey apartment submitted in IFC format. After processing of the BIM model, the results of the automatic checks were extracted. The pilot project demonstrated that a number of checks were working properly. It also showed shortcomings in some checks that require improvements. The pilot project was considered as a big milestone to demonstrate the BIM-based building permit process and solid steps towards the actual BIM models utilization for building permits by the municipality.

At the time of data collection for this study, the municipality was focusing on the technology (which also includes translating laws and regulations into a machine-readable form) for BIM-based building permits and building employee’s skills for BIM-based building permits. The municipality stakeholders stated that this will be followed by accepting BIM models from applicants for building permits for real projects.  

[bookmark: _Toc114064374]Evaluation stage

The interviewees from the case study stated that based on the pilot project the developed system is evaluated to indicate the shortcomings. However, a full evaluation is feasible once the BIM-based building permits system will be used for real projects by the applicants. Then the system can be improved with both user feedback and internal assessment.  

The BIM adoption for building permits using the case of the Tallinn City Government is outlined in detail in Publication II.

[bookmark: _Toc114064375]Factors affecting BIM adoption for building permits 

This section responds to research question 3: What are the factors that affect BIM adoption for building permits? Adopting BIM in any organization is a complex process, as BIM has multidimensional contexts; beyond the technology, it involves people, information, and process (Oesterreich and Teuteberg, 2019). As a socio-technical phenomenon, various factors affect BIM adoption. To identify the factors affecting BIM adoption for building permits, a case study of the Tallinn City Government was carried out. From the thematic analysis of interviews, the following factors were identified. 

[bookmark: _Toc114064376]Complexity of the BIM-based building permit systems

The findings illustrated that the complexity lies in the development of the BIM-based building permit system and apart from that, using the BIM-based building permit is another challenge. In the development of BIM-based building permit systems, one of the complex tasks is the translation of laws and regulations into machine-readable form, which is central to automatic or partially automatic code compliance checking. Further, in the case of the Tallinn City Government, it was observed that the aim is to develop a web-based environment in which the municipality’s employees can perform the checks on the submitted BIM models, without requiring any external additional software. 
Thus, in order to develop such a system, additional efforts are required. 

The interviewees highlighted that another challenge is from the user’s point of view because the majority of the municipality employees are familiar with the existing system of building permits (which is based on a 2D drawing in pdf form), which means that the majority of employees might not have BIM skills.   

[bookmark: _Toc114064377]Relative advantages/disadvantages of BIM for building permits

The interviewees stated that the potential advantages offered by BIM-based building permits, such as visualization, collaboration & integration, automation, 3D data reuse, efficiency, acted as an enabler for adopting BIM for building permits.

[bookmark: _Toc114064378] The existing building permit system 

In the case of the Tallinn City Government, the building permits are held through an 
“e-permitting system” from 2016, which is capable of accepting 2D drawings in pdf form; the element of digitalization on a small scale is already existing. According to the interviewees, due to the benefits offered by the existing system compared to that based on paper submission, it acted as an enabler for further digitalization in the form of 
BIM-based building permits.

[bookmark: _Toc114064379]Management support

The findings showed that management support is a key for successful BIM-based building permits. The top management role is important not only for the arrangement of the required technology but also for arranging BIM training, BIM awareness, etc. 

[bookmark: _Toc114064380]Organizational culture 

Organizational culture includes the attitudes, values, norms, and behaviors of the organization members. Organizational culture is important for the adoption of any innovative technology because some members will show interest due to its perceived usefulness while others might not because of the perceived complexity. In the current case study, the results showed that the majority of the people were found interested in BIM-based building permits. The interviewees stated that apart from training, the technical development of the BIM-based building permit system was aimed to be user-friendly, and this plays a role in creating a positive attitude towards the new system.

[bookmark: _Toc114064381]Awareness about BIM-based building permits 

For successful BIM-based building permits, BIM awareness among the organization’s employees is significant. BIM awareness is also associated with creating positive organizational culture toward BIM adoption. The interviewees stated that introductory programmes and BIM training were aimed to create awareness regarding BIM-based building permits. 

[bookmark: _Toc114064382]Training and learning for the BIM-based building permit process

The findings showed that in the case of the Tallinn City Government, different levels of training programmes (from basic to advance) regarding BIM-Based Building Permit were performed and are planned for the future. It was observed that training is one of the main enablers for BIM-based building permits since it also minimizes some of its challenges. 

[bookmark: _Toc114064383]Lack of experts on the BIM-based building permit process

The interviewees highlighted that since the exiting building permit system is based on 2D drawing, one of the challenges is the lack of experts on the BIM-Based building permit process. 

[bookmark: _Toc114064384]External pressure

Since BIM adoption in AEC/FM is on the rise and the BIM-based building permit provides a potential possibility of using those BIM models in building permit applications. 
The ongoing experiments on BIM-based building permits in other countries and the momentum of BIM adoption in AEC/FM industry were found as motivation in the current case study.  

[bookmark: _Toc114064385]Legal context

According to the interview results, the legal context cannot be ignored for building permits. However, in the current case study, the BIM-based building permit is in its initial stage. Once it is fully used and evaluated to improve it, it can be mandated for certain sizes and types of projects in future.  

The identified factors affecting BIM adoption for BIM-based building permits were grouped into technological, organizational, and environmental factors using the Technology–Organization–Environment framework (Tornatzky et al., 1990) shown in Table 4.  Further details are given in Publication III. 

[bookmark: _Hlk107796232] 

[bookmark: _Toc112806990]Table 4: Factors affecting BIM adoption for the building permit process.

		[bookmark: _Hlk68519059]Technological factors 



		Complexity in developing and using BIM-based building system



		

		Relative advantages/disadvantages of BIM for building permits



		

		Existing building permit system



		Organizational factors 



		Management support for BIM-based building permit



		

		Organizational culture 



		

		Awareness about BIM-based building permits



		

		Training and learning for the BIM-based building permit process



		

		Lack of experts on the BIM-based building permit process



		Environmental factors 

		External pressure 



		

		Legal context 





[bookmark: _Toc114064386]Readiness assessment for BIM-based building permits 

[bookmark: _Hlk107792016]This section presents the results for research question 4: How can readiness for 
BIM-based building permits be assessed? The results are achieved from the multiple case studies: Dubai Municipality (Case 1), Tallinn City Government (Case 2), and City of Vantaa (Case 3). First multiple criteria for BIM-based building permits were determined, and then using Fuzzy-COPRAS the readiness for BIM-based building permits in the three selected cases/municipalities was assessed. The results of the readiness assessment are presented in Table 5.

[bookmark: _Toc112806991]Table 5: Readiness assessment for the BIM-based building permit processes.

		[bookmark: _Hlk113531644]Criteria

		*

		Units

		Weights

		Alternatives



		

		

		

		

		Case 1

		Case 2

		Case3



		Technology 

		Simplicity of the BIM-based building permit system

		+

		Rating

		0.0411

		0.3000

		0.3667

		0.3333



		

		Compatibility with existing building regulations and codes

		+

		Rating

		0.0447

		0.3448

		0.3448

		0.3103



		

		Interoperability with relevant systems and databases

		+

		Rating

		0.0404

		0.3214

		0.3571

		0.3214



		

		Maintainability

		+

		Rating

		0.0378

		0.2885

		0.2885

		0.4230



		

		Supporting open standards

		+

		Rating

		0.0461

		0.3333

		0.3333

		0.3333



		

		Cost (e.g., capital, running, etc.)

		-

		Rating

		0.0314

		0.4167

		0.2500

		0.3333



		

		BIM implementation in the local construction industry

		+

		Rating

		0.0375

		0.2308

		0.3462

		0.4230



		People

		Top management support 

		+

		Rating

		0.0440

		0.3333

		0.3333

		0.3333



		

		Availability of employees with BIM skills

		+

		Rating

		0.0404

		0.2250

		0.2250

		0.5500



		

		Qualifications of the professionals dealing with building permits

		+

		Index

		0.0368

		0.5714

		0.1429

		0.2857



		

		Availability of training programmes

		+

		Rating

		0.0400

		0.2500

		0.3750

		0.375



		

		Willingness of employees to use a BIM-based building permit process

		+

		Rating

		0.0440

		0.2632

		0.3509

		0.3859



		

		Building permit applicants' interest in using a BIM-based building permit process

		+

		Rating

		0.0411

		0.2353

		0.3333

		0.4313



		Process

		Comprehensiveness of code compliance checks 

		+

		Rating

		0.0425

		0.3400

		0.3600

		0.300



		

		System allows pre-submission checks of BIM models by applicants 

		+

		Rating

		0.0378

		0.3333

		0.3333

		0.3333



		

		Efficiency of existing/ previous (not BIM-based) building permit process

		+

		Score

		0.0310

		0.3617

		0.3327

		0.3056



		

		Potential time saving 

		+

		Rating

		0.0414

		0.2553

		0.4255

		0.3191



		

		Potential cost saving

		+

		Rating

		0.0368

		0.2727

		0.3864

		0.3409





[bookmark: _Hlk107792082]




Table 5: Readiness assessment for the BIM-based building permit processes (Continued) 

		Criteria

		*

		Units

		Weights

		Alternatives



		

		

		

		

		Case 1

		Case 2

		Case3



		Policies

		Level of information standardization (BIM standards, BIM protocol, classification systems, etc.)

		+

		Rating

		0.0432

		0.2727

		0.3636

		0.3636



		

		BIM model submission guidelines for the BIM-based building permit process

		+

		Rating

		0.0411

		0.3158

		0.2982

		0.3859



		

		BIM mandate in the local construction industry

		+

		Rating

		0.0404

		0.3333

		0.2667

		0.4000



		

		Support by government

		+

		Rating

		0.0429

		0.3333

		0.3333

		0.3333



		

		Clarity and easy access to building laws, regulations and building permit requirements 

		+

		Index

		0.0418

		0.3333

		0.3333

		0.3333



		

		e-governance 

		+

		Index

		0.0371

		0.3113

		0.3447

		0.3439



		

		Legal framework of the BIM-based building permit process

		+

		Rating

		0.0389

		0.2045

		0.4091

		0.3863



		

		The sum of weighted normalised maximining 

		0.2927

		0.3220

		0.3485



		

		The sum of weighted normalised minimizing 

		0.0130

		0.0078

		0.0104



		

		Significance of the alternatives  

		0.3045

		0.3361

		0.3594



		

		Priority of Alternatives

		3

		2

		1



		

		Utility degree of alternatives  

		84.76

		93.55

		100







The results indicated that supporting open standard, compatibility with existing building regulations and codes, and support from the top management are the most important criteria for BIM-based building permits. The results showed that case 3: the City of Vantaa was found more prepared for BIM-based building permits, followed by the Tallinn City Government and then the Dubai Municipality. It is important to note that the readiness assessment was not aimed to identify the best technical solution or software for BIM-based building permits, as the readiness for BIM-based building permits was investigated in the selected municipalities from a multi-dimensional context. 

Since Finland is one of the early adopters of BIM, the high values of criteria, such as BIM implementation in the local construction industry, BIM mandate in the local construction industry, maintainability of the system, BIM training, are understandable for the City of Vantaa case. In the technical criteria, which are directly connected to the BIM-based building permit system, it was found that in all three cases, the focus is on BIM models in open standards such as IFC. Further, in all three cases, an approximately similar trend of values was observed for criteria, such as top management support, system capability, to perform pre-checks by applicants, and clarity and easy access to building laws regulations and other requirements. 

Full details regarding readiness assessment for BIM-based building permits are reported in Publication IV. 









[bookmark: _Toc114064387]Conclusions and recommendations 

[bookmark: _Toc114064388]Conclusions

The construction industry is undergoing a major transition in the form of adopting digital tools and Building Information Modelling (BIM) is considered as the center of this change. Inspired by the ongoing digitalization in the construction industry and with the potential opportunities offered by BIM, building control authorities or municipalities are attempting to use BIM for an efficient building permit process.  

The aim of this doctoral research was to facilitate BIM adoption for building permits by assessing organizational readiness. The research adopted pragmatic research philosophy and explored the subject of the study from different perspectives using a mixed-method research approach. 

On the basis of a systematic literature review, an analytical framework was developed for the BIM adoption process in the AEC/FM industry. The analytical framework presented an overview of different steps that can be taken to adopt BIM. The research identified the BIM adoption process for building permits using case study and gathering data through a qualitative approach. The research also determined several factors that affect BIM adoption for building permits through a qualitative approach – collecting data through semi-structured interviews and classified the identified factors into technological, organizational, and environmental factors. Some of the identified factors were found as enablers to BIM-based building permits while others were found as challenges regarding BIM-based building permits. The research identified a list of 25 criteria related to BIM-based building permits, categorized them into technology, people, process, and policies, and determined their importance level through a questionnaire survey. Finally, the research assessed the readiness for BIM-based building permits in three selected municipalities/organizations responsible for issuing building permits, using a multiple criteria decision method, i.e., Fuzzy-COPRAS.  

This study concludes that BIM can potentially be leveraged for an efficient building permit process; however, adopting BIM is a complex task and it can face various impediments. Municipalities aiming for the BIM-based building permit process must develop technological and organizational capabilities to achieve appropriate outcomes. The technical solution or software accepting and processing BIM models for building permits should be easy to use and capable of exchanging data in open standards. Further, the developed technical solution should be capable of performing a maximum number of automated code compliance checks. The organization management role is vital for achieving the BIM-based building permit process. Similarly, BIM training for the employees responsible for the building permit process are significant. Since applicants are important stakeholders in the building permit process, the benefits of BIM utilization in building permits are also reliant on the widespread implementation of BIM in the local construction industry. The government can play a role in BIM use in building permits by providing funds and appropriate legislation.  

As a theoretical and practical contribution of this research, the identified analytical framework could be used to facilitate BIM adoption in AEC/FM organizations. The research results on BIM adoption for building permits and factors influencing it will assist municipalities, in particular on better understanding of BIM use in building permits and how to successfully adopt BIM for building permits. The importance level of criteria for BIM-based building permits guides the stakeholders, which should be the focus and priority in terms of BIM-based building permits. This research would contribute to the existing body of knowledge on building permits and achieving an efficient building permit process.  

[bookmark: _Toc114064389]Limitations 

The analytical framework was identified from a systematic literature review; during the literature research, some relevant articles might have been missed out. The BIM adoption process for building permits and factors affecting it was explored through a single case study. Using multiple case studies might have resulted in a more detailed BIM adoption process for building permits. The data used in the readiness assessment for BIM-based building permits was mainly collected through expert’s survey and the sample size of experts was small.  However, the experts who participated were well-informed and the author is confident that the study results are robust. 

[bookmark: _Toc114064390]Recommendations for future research 

The analytical framework for BIM adoption processes can be used in future studies for exploring BIM adoption in any other organization. The multiple case studies approach can be used to further explore the BIM adoption process for building permits.  Future studies can update the list of criteria and can assess the readiness for BIM-based building permits using any other MCDM methods, such as Analytical Hierarchy Process, Analytical Network process. The developed readiness assessment tool can be used to assess readiness for BIM-based building permits in other municipalities. The research results can be used to develop a decision support system that enables recommendations for BIM-based building permits depending on the input data.  
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Abstract

Readiness assessment for BIM-based building permits using multiple criteria analysis 

To improve its performance, the construction industry is adopting digital technologies such as Building Information Modelling (BIM). BIM refers to the digital representation of the physical and functional characteristics of built objects such as buildings, roads, bridges, etc. to serve as a shared knowledge source enabling communication and collaboration and forming a reliable basis for decisions during a built asset’s life cycle. BIM constitutes a paradigm shift in the construction industry and has the potential to be beneficially leveraged for many purposes such as efficient design, cost estimation, site utilization, design and construction integration, facilities management, energy simulations, etc. The scope of this research concerns the potential applications of BIM for building permits. 

Municipalities grant permission for the construction of buildings once they have checked and confirmed the compliance of the designs and other required information with the local building rules and regulations. This permission takes the form of an official document known as a building permit. Building permits are an integral part of the design and construction process, with a critical role in ensuring the safety and long-standing of buildings. Obtaining a building permit is a complex process involving many stakeholders and procedures which are often unclear, error-prone, bureaucratic, resource-intensive, difficult to track, and time-consuming. Inspired by the ongoing digitalization in the construction industry and to address the issues associated with the traditional building permit process, municipalities are adopting BIM to improve their building permit process. However, despite its many potential advantages, adopting BIM in any organization is challenging. 

The purpose of this doctoral research is to facilitate BIM adoption for building permits by assessing organizational readiness. To achieve the research purpose, the overall research question was formulated as: How can BIM adoption readiness be assessed for building permits? This was elaborated into four more specific research questions:

Research question 1 – What are the BIM adoption processes in Architecture, Engineering, Construction, and Facilities Management (AEC/FM)?

Research question 2 – What is the BIM adoption process for building permits?

Research question 3 – What are the factors that affect BIM adoption for building permits?

Research question 4 – How can readiness for BIM-based building permits be assessed?

For research question 1, a systematic literature review of BIM adoption processes in AEC/FM was performed and content analysis of the literature resulted in the derivation of a generic framework for BIM adoption processes. 

Research question 2 was approached using a case study methodology with data collection through the examination of documents, participant observations, and interviews. This led to a process of BIM adoption for building permits in a municipality being outlined. 

Interviews were carried out in response to research question 3 and this resulted in the identification of the factors affecting BIM adoption for building permits. 

For research question 4, cases of BIM-based building permits were selected from three countries, and data were gathered through document analysis and a questionnaire survey. Analysis using a Multiple Criteria Decision Method (MCDM) enabled the readiness assessment for BIM-based building permits in the selected cases.

This research has demonstrated how BIM can be adopted in municipalities for building permitting to overcome the problems associated with traditional building permit procedures. In addition, it has revealed the enablers and challenges of BIM adoption for building permits. A key contribution of this research is that it has developed a tool to assess readiness for BIM-based building permits.

These research results have both theoretical and practical implications. They contribute to the small but growing body of knowledge regarding BIM-based building permits and, more broadly, to the existing research on BIM adoption in the AEC/FM industry. From a practical perspective, the research results provide guidance to stakeholders and practitioners, mainly in municipalities, who seek to efficiently adopt BIM for building permits.

The limitations of this study include that it considered only one case for demonstrating a BIM adoption process for building permits and three cases for assessing readiness for BIM-based building permits. In addition, the sample size of interviews and the questionnaire survey were relatively small.

Future research is recommended to consider multiple cases of municipalities adopting BIM to generate a more comprehensive knowledge on the subject. Further, the developed tool for readiness assessment can be used in future studies in other municipalities which are adopting BIM-based building permits. 



Keywords: Building Information Modelling (BIM), Building permit, BIM adoption, Multiple Criteria Decision Method (MCDM), readiness, municipalities, AEC/FM
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BIM-i põhiste ehituslubade valmiduse hinnang hulgikriteeriumide analüüsi meetodil 

Ehitusala toimimise parendamiseks võetakse kasutusele uusi tehnoloogiaid, nagu ehitusinfo modelleerimine (BIM). BIM viitab ehitiste, nagu hooned, teed, sillad jne, füüsiliste ja funktsionaalsete omaduste digitaalsele esitusele, olles jagatud teadmiste allikas, võimaldades osaliste suhtlemist ja koostööd ning kujundades seeläbi usaldusväärse aluse otsustele läbi terve ehitiste elukaare. BIM kujutab ehitusala paradigmade muutust. Sellel on potentsiaali edukaks kasutamiseks ehitusala mitmes valdkonnas, nagu tulemuslik projekteerimine, eelarvestamine, tööde korraldamine ehitusplatsil, projekteerimise ja ehitamise integreerimine, kinnisavarakorraldus, energiakasutuse simulatsioonid jne. Käeoleva uurimuse käsitlusala keskendub BIM-i võimalikule kasutamisele ehituslubade menetlemisel.

Kohalikud omavalitsused väljastavad hoonetele ehitusloa pärast seda, kui on kontrollinud projekti ja muu nõutava teabe vastavust kehtivatele eeskirjadele ja seadustele. See luba muutub ametlikuks dokumendiks ehk ehitusloaks. Ehitusluba on projekteerimis- ja ehitusprotsessi lahutamatu osa, mille peamine roll on tagada hoonete ohutus ja pikaajaline püsivus. Ehitusloa taotlemine on keeruline protsess, millesse on kaasatud palju osalejaid ja protseduure, mis on sageli ebaselged, ekslikud, bürokraatlikud, ressursimahukad, halvasti jälgitavad ja aeganõudvad. Inspireerituna jätkuvast ehitusala digitaliseerimisprotsessist ja lahendamaks traditisoonilise ehitusloa väljastamisega kaasnevaid probleeme, kaasavad kohalikud omavalitsused loamenetluse parendamiseks BIM-i. Hoolimata rohketest potentsiaalsetest eelistest, on BIM-i kasutuselevõtt igas organisatsioonis keeruline.

Käesoleva doktoritöö eesmärk on kaasa aidata BIM-i kasutuselevõtule ehituslubade menetlemisel, hinnates organisatsioonilist valmisolekut. Uurimuse eesmärgi täitmiseks formuleeriti põhiline uuringuküsimus: Kuidas saab BIM-valmidust hinnata ehituslubade väljastamisel? Seda arendati edasi neljaks spetsiifiliseks uuringuküsimuseks:

1. uuringuküsimus: Millised on BIM-i kasutuselevõtu protsessid arhitektuuri- ja konstruktsiooniosa projekteerimisel ning ehitamisel ja kinnisvara korralduses?

2. uuringuküsimus: Milles seisneb BIM-i kasutuselevõtu protsess ehituslubade menetlemisel?

3. uuringuküsimus: Millised tegurid mõjutavad BIM-i kasutuselevõttu ehituslubade menetlemisel?

4. uuringuküsimus: Kuidas saab hinnata valmisolekut BIM-I põhiste ehituslubade kasutuselevõtuks?

Esimesele uuringuküsimusele vastamiseks koostati süstemaatiline kirjanduse ülevaade BIM-i kasutuselevõtu protsessidest ja sisu anlüüsi tulemusena koostati BIM-i kasutuselevõtu protsesside üldine raamistik. 

Teisele uuringuküsimusimusele vastamiseks kasutati juhtumiuuringu meetodit ja koguti andmeid dokumentidest, osalejate tähelepanekutest ja intervjuudest. Selle tulemusel saadi ülevaade tüüpilise kohaliku omavalitsuse BIM-i kasutuselevõtu protsessist. 

Kolmandale uuringuküsimusele vastamiseks intervjueeriti osalejaid ja selle tulemusel selgitati välja tegurid, mis mõjutavad BIM-põhiste ehituslubade väljastamist. 

Neljandale uuringuküsimusele vastamiseks valiti kolmest riigist BIM-i põhiste ehituslubade juhtumid, mille andmed saadi dokumentide analüüsimisel ja küsimustikest. Valitud juhtumite valmisolekut BIM-põhiste ehitulubade kasutuselevõtuks analüüsiti hulgikriteerimide meetodil (MCDM).

Käesolev uuring demonstreeris, kuidas kohalikud omavalitsused saavad väljastada BIM-põhiseid ehituslube ja vältida traditsioonilise menetlusega kaasnevaid probleeme. Lisaks selgusid puudused ja kitsaskohad BIM-i rakendamisel. Käesoleva uuringu võtmepanus on töövahendi loomine hindamaks BIM-põhistele ehituslubadele ülemineku valmidust. 

Uuringutulemustel on nii teoreetilised kui ka praktilised väljundid. Need panustavad seni vähese, kuid kasvava teadmistepagasi parendamisse BIM-põhiste ehituslubade menetlemisel ja veelgi üldisemalt BIM-i kasutuselevõtule arhitektuuri- ja konstruktsiooniosa projekteerimisel, ehitusprotsessis ja kinnisvarakorralduses. Praktika seisukohast annavad uuringutulemused juhiseid huvitatud osalejatele ja eelkõige kohalike omavalitsuste töötajatele, kes otsivad tulemuslikke võimalusi BIM-põhiste ehituslubade menetlemiseks.

Uuringus piirduti ühe juhtumiuuringuga kirjeldamaks BIM-põhise ehitusloa väljastamise protsessi ning kolme juhtumuuringuga hindamaks BIM-põhise ehitusloa väljastamise valmidust. Lisaks oli näidisuuringu valimi maht küsitlustest ja intervjuudest ülevaate tegemiseks suhteliselt väike.

Jätkuuuringutes tuleks BIM-i põhiste ehituslubade valmidushinnangute üldistusvõime suurendamiseks laiendada kohalike omavalitsuste valimit. Käesoleva uuringu raames välja töötatud hinnangumeetodit saab kasutada teistes omavalitsustes, kes soovivad juurutada BIM-põhiste ehituslubade väljastamist.



Võtmesõnad: ehitusinfo modelleerimine (BIM), ehitusluba, BIM-i  kasutuselevõtt, hulgikriteerimide meetod, valmisolek, kohalikud omavalitsused, projekteerimine, ehitamine, kinnisvarakorraldus
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