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SOMMARIO  

Lo scopo di questa tesi è quantificare i benefici economici della gestione dei progetti di costruzione 

sfruttando il BIM e il potenziale di interoperabilità. La crescente sofisticazione dei progetti di 

costruzione richiede analisi approfondite e sforzi per progettare nuovi flussi di lavoro, strutture 

organizzative, procedure e altri strumenti critici per la gestione efficiente delle attività di costruzione. 

Nella filiera Architettura, Ingegneria, Costruzione e Operazioni (AECO), ci sono grandi aspettative per 

la digitalizzazione e il Building Information Modeling (BIM). L'obiettivo finale della implementazione 

del BIM e della cosiddetta ñrivoluzione digitaleò è facilitare e garantire l'arricchimento del modello BIM 

creato durante la fase di progettazione sino alla consegna del modello as-built ai fini del funzionamento 

e della gestione delle risorse.  

Il BIM è il fattore abilitante di un'interazione senza soluzione di continuità tra le varie controparti 

interessate in un progetto di costruzione. Questo spiega l'urgente necessità di intraprendere un processo 

di cambiamento che apre molteplici opportunità per ideare nuovi metodi ora possibili dopo aver 

implementato la metodologia BIM nelle pratiche di gestione della costruzione. Un altro obiettivo di 

questa tesi è quello di approfondire la comprensione teorica del contenuto e della prospettiva del valore 

aziendale del BIM approfondendo i problemi attuali e suggerire soluzioni. Per portare prove della 

situazione attuale e della possibile via da seguire, sono state condotte ricerche di mercato, analisi 

documentali e interviste con esperti. 

Una quantità significativa di dati e competenze è tenuta segreta all'interno di organizzazioni e progetti, 

impedendo che venga sfruttata al massimo delle sue potenzialità. È necessaria una soluzione a lungo 

termine e onnicomprensiva che consenta la conciliazione delle carenze in termini di prestazioni di 

interoperabilità tra progetti e imprese. Il modello BIM prodotto in fase di progettazione rimane inutile 

nelle fasi successive. I professionisti dell'edilizia utilizzano per lo più metodi tradizionali e/o tecnologie 

innovative non necessariamente basate sul modello BIM prodotto dai progettisti. Pertanto, il suo utilizzo 

nella gestione del progetto di costruzione è rimasta indietro.  

Sfruttando gli schemi di dati aperti, sono stati sviluppati meta-modelli logici a supporto della gestione 

dei progetti di costruzione. Le informazioni sulla pianificazione dei costi e sulla pianificazione 

temporale hanno ricevuto un'attenzione significativa al fine di contribuire allo sviluppo del BIM 4D e 

5D. Modificare le Definizioni di Visualizzazione del Modello (MVD) esistenti con l'MVD nativo di 

ciascun software e tentare di renderle open source sarebbe un vantaggio economico utile per l'industria 

AECO in generale. Per massimizzare l'interoperabilità, openBIM deve essere riprogettato, perché la 

connessione e lo scambio di dati tra diverse organizzazioni deve avvenire attraverso la specifica 

OpenAPI (OAS), che consente le connessioni di tutte le applicazioni in grado di comunicare con i servizi 

web. Questo è un livello tecnologico che è molto più alto di quello che è noto semplicemente come 

"openBIM". 
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Questa tesi rifiuta infine l'"ottimismo tecnocratico" (BIM hype) che domina l'attuale ricerca sul BIM e 

suscita importanti domande sulle implicazioni di tale linea sullo sviluppo dell'analisi. Pertanto, 

incoraggia i responsabili politici a ridefinire lôattuale processo di costruzione che resta molto 

tradizionale. La visione a tendere della tesi indica la necessità di integrare persone, risorse e pratiche 

commerciali al fine di ottenere una maggiore efficienza. 

Parole chiave: Mercato belga, Valore aziendale, Building Information Modeling Construction Project 

Management, Interoperabilità 
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ABSTRACT 

In Architecture, Engineering, Construction, and Operations (AECO), there are high expectations for 

digitalisation and Building Information Modelling (BIM). The purpose of this dissertation is to quantify 

the economic benefits of construction project management leveraging BIM and interoperability 

potential. The ultimate objective of digital construction is to ensure the enrichment of the BIM model 

created during the design phase and the delivery of the as-built model for the purpose of operation and 

asset management. The increasing sophistication of construction projects requires extensive analysis 

and efforts to design new workflows, organisational structures, procedures, and other critical tools for 

the efficient management of construction activities. 

BIM is the enabler of seamless interaction between the various stakeholders in a construction project. 

This explains the urgent need and opens multiple opportunities to devise novel methods for 

implementing the BIM methodology into construction management practices. The aim of this 

dissertation is to deepen the theoretical understanding of the content and perspective of the business 

value of BIM and to elaborate on the current problems and suggesting solutions. To bring evidence to 

the current situation and the possible way forward, I have conducted market research, desk analysis and 

expert interviews. 

A significant amount of data and expertise is kept secret within organisations and projects, preventing 

it from being exploited to its full potential. There is a need for a long-term, all-encompassing tool that 

enables conciliation of interoperability performance shortfalls across projects and companies. The BIM 

model produced during the design phase remains useless in the subsequence phases. Construction 

professionals use mostly traditional methods, and/or innovative technologies not necessarily based on 

the BIM model produced by the designers. Therefore, the incorporation of construction project 

management has lagged behind. The AECO sector has placed a strong emphasis on the project context, 

but the economics of the transition to a digital environment have been overshadowed. 

Leveraging open data schemas, logical meta-models supporting construction project management were 

developed. cost schedule information and time schedule information were given significant care in order 

to contribute to the development of 4D and 5D BIM. Modifying the existing Model View Definitions 

(MVD) with each software's native MVD and attempting to make them open source would be a 

worthwhile economic advantage for the AECO industry at large. To maximise interoperability, 

openBIM must be reengineered, because the connection and exchange of data between different 

organisations needs to take place through the OpenAPI Specification (OAS), which enables the 

connections of all applications capable of communicating with web services. This is a technological 

level which is much higher than what is known simply as "openBIM". 

This dissertation rejects the "technocratic optimism" (BIM hype) which dominates current BIM research 

and raises important questions about the implications of such a trajectory on the development of analysis. 

Thus, it encourages the policymakers to redefine the contemporary, very traditional building process. 

This aims to integrate people, resources, and business practices in order to achieve more efficiency. 

Keywords: Belgian Market, Business Value, Building Information Modelling Construction Project 

Management, Interoperability  
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1. INTRODUCTION  

The Architecture, Engineering, Construction, and Operations (AECO), industry is rapidly evolving and 

developing nowadays. Integrated Project Delivery (IPD) is an innovative method of project management 

that has been adopted by the AEC and Facility Management (FM) industries. This method aims to 

integrate people, systems, business structures and practises into a process that collaboratively leverages 

the talents and insights of all participants to optimise project results, increase owner value, reduce waste, 

and maximise efficiency throughout the entire design, fabrication, and construction phases. The new 

plan that the IPD is using to achieve these goals is called Building information Modelling (BIM).  

Notwithstanding the fact that it is estimated by McKinsey Global Institute (2017) to have expenses of 

$14 trillion by the year 2025, the construction industry has only seen a rise in labour productivity* of 

one percent annually on average over the past two decades. This is significantly lower than the overall 

economy's rate of 2.8 percent and manufacturing's rate of 3.6 percent (McKinsey Global Institute, 2017). 

Ģiga Turk, et al., (2022) has identified infusing digital technology to be one of the ways to tackle the 

root causes that underline the poor productivity growth of the industry (Turk, et al., 2022). Mario Caputi 

(2022) argues his to be published book ñLinee Guida BIM per top manager e operatori economiciò the 

misunderstanding of the term openBIM and interoperability. In the BIM-based digital revolution, many 

interpret interoperability as ñdata integration and linkageò. The fact that the open Industry Foundation 

Classes (IFC) data format can be read by different software, does not mean that is can be considered 

interoperable (Caputi, 2022). 

BIM is a contemporary method of intelligently managing project information that offers numerous 

advantages over traditional methods. As a result, an increasing number of nations and companies are 

making the switch from traditional workflows to BIM. The AECO industry is optimistic about the 

prospects offered by digitisationÀ and BIM. The interest is reflected in the popularity of terms like 

business value and BIM. As a result, companies are compelled to postpone projects and incur additional 

costs as a result of the slow adoption of innovative software applications. Because of this lack of 

productivity, the construction industry continues to be more conservative than other industries. On the 

other hand, both the practical and theoretical understanding of its content and perspective are 

characterised by the positivism and rationalism that are promoted by the industry. Although several 

governments have researched this problem, no real improvements have been made. (Shelton, et al., 

2016) Geno Armstrong and Clay Gilgeôs research (2016) found that the construction industry has been 

slow to adopt new technologies for two main reasons: (1) the perceived benefits do not match up with 

the costs and risks; (2) many companies do not want to use new methods (Armstrong & Gilge, 2016). 

 

* Measuring productivity is challenging. McKinsey used gross value added as a measure and used sector deflators to account for price 

fluctuations. The analysis refers to 41 countries that generate 96 percent of global GDP. 
À It is important to have a thorough understanding of the distinction between the terms "digitisation" and "digitalisation". The process of shifting 

from analogue to digital form, often data or documents, is referred to as digitisation. This means that an analogue process is converted into a 

digital form, but the process itself does not undergo any changes that are different in kind. The use of digital technologies to alter a company's 

business model in order to create new revenue and value-producing opportunities is what is meant when digitalisation is mentioned. (Gartner 

Glossary, n.d.) 
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1.1. Problem statement 

It is abundantly evident that the AECO industry traditional procurement processes are insufficient to 

meet the current problems. BIM is becoming increasingly popular as a solution to challenges in the 

AECO industry. Here are the three types of problems that can arise when using BIM to manage a 

construction project: (1) Problems of Project Management in AECO industry; (2) Problems of BIM as 

Project Management Methodology; (3) Problems in managing the BIM Process. 

A massive amount of meta-data is generated during the construction process. There is not enough 

coordination, the exchange of meta-data is causing a plenty of issues. Nowadays, documents and 

drawings are commonly used to transmit meta-data. Figure 1 depicts the traditional flow of information 

that occurs between all parties involved in the construction process. BIM is a new approach to IPD, with 

many processes not yet defined. Implementation of BIM-based project management includes social 

challenges and obstacles. They depend on the people involved in the project. In the implementation, 12 

obstacles can be distinguished, which are related to successful adoption and/or collaboration in BIM and 

integrated design: (1) Cost, (2) Interoperability; (3) Responsibility; (4) Workflow; (5) Firm Culture; (6) 

Number of Models; (7) Autonomy; (8) Education; (9) Communication; (10) technological Challenges; 

(11) Trust; (12) Working in Teams (Deutsch, 2011). 

 

Figure 1 ï Information sharing between different stakeholders using traditional methods  

With BIM-based project management, there is a distinct need to generate, optimise and manage the flow 

of activities throughout the project life cycle. In my dissertation, I will focus on effective techniques of 

communication and collaboration, openBIM data models, and a framework of construction project 

management workflow-related tasks. 

1.2. Insights in the business value of BIM 

Increasing interest in the term "business value" of BIM is a reflection of the high expectations for BIM. 

Mooney et al. (1996), Melville et al. (2004), and Kohli and Grover (2008) have investigated the business 

value of Information Systems (IS). To boost the use of BIM in the AEC, McGraw-Hill, in partnership 

with funding partners, BIM software vendors, and consultants, has introduced the term "business value" 

since 2009. Based on studies of BIM users, they promote the commercial benefits of BIM. The term 
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"business value" in BIM is characterised by a bias toward rationality and positivism yet remains vague 

and unclear. For example, the business value of BIM is described in terms of a variety of concepts, 

ranging from overall value, internal benefits, business benefits, business value to player value, and 

includes a wide range of estimates (McGraw-Hill, 2009), (McGraw-Hill, 2010), (McGraw-Hill, 2012). 

Furthermore, the circumstances surrounding the business value of BIM, such as enablers and obstacles, 

are neglected. Seldom are barriers to business value addressed; when they are, they are characterised as 

"limiting the ability to achieve better results" and they are afterwards referred to as "top approaches to 

increase BIM, business value, and business benefits." The problems also relate more to external market 

variables (such as a lack of interoperability amongst software packages) than to any challenges of the 

actual BIM implementation itself. There is no further analysis or problematization of the business value 

of BIM and the associated challenges that come with it. Nevertheless, the reports and the business value 

of BIM have gained a lot of attention in practise (e.g. (BIM Task Group, 2012)) as well as research (e.g. 

(Succar, 2009), (Becerik-Gerber & Rice, 2010), (Barlish & Sullivan, 2012), and (Eadie, et al., 2013)). 

In total, the reports by McGraw-Hill have been mentioned in over 400 research studies. Bilal Succar, 

Kristan Barlish and Kenneth Sullivan who have had a substantial amount of influence on AEC research 

are the ones who have relied on the optimistically biased perspective of the business value of BIM. 

The fact that McGraw-Hill (2009, 2010, and 2012) has an economic interest in encouraging more BIM 

use makes it not unexpected given that the reports were created with the purpose of promoting the 

increased use of BIM. However, the commercial industry actors' view of the business value of BIM 

appears to have gained authority and influence (hegemony) over AECO research. This interpretation is 

favourably oriented toward BIM's benefits. Accordingly, there is a necessity for the creation of a 

theoretical understanding of the business value of BIM. The above understanding should not only 

broaden people's understanding of the term and its implications for research and application, but it 

should also reflect on, problematize, and extend the current rational and positivistic understanding of 

the content and perspective of BIM. The purpose of this dissertation is to close this knowledge gap.  

Drawing on IS theory may thus provide useful insights for developing both a theoretical understanding 

of the business value of BIM and a practical understanding of its implications for the development of 

competence, strategizing, business models, and decision-making in the AECO industry. It is possible 

that this will also allow commercial actors in the AECO industry to expand their current limited but 

hopeful view of the business value of BIM. 

1.3. Aims and research questions 

This analysis aims to explore the optimisation of BIM-based construction project management within 

the Belgian AECO industry and subsequently narrow down the research field. This analysis includes a 

literature review of possible applications and knowledge for an exploration of optimisation of BIM-

based construction project management. To make a real practical contribution in this domain, the current 

limitations in the Belgian AECO industry will be mapped (AS-IS). In order to increase the reliability of 

the optimisation, market research will be carried out and the results will be assessed in order to gather 

practical information within Belgium. The proposed new business process will be set up with the aim 

of generating economical added value for the Belgian construction sector, which counts 10% of Belgian 

enterprises and represents more than 7% of total employment in Belgium (FPS Economy, 2021).  
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Ultimately, expert interviews will  be used to draw up a business process reengineering and to find an 

answer to the main research question, which is as follows: 

ñHow to leverage interoperability to maximize the business value of BIM in construction 

project management within the Belgian AECO industry?ò 

Moreover, several sub-questions need to be answered in order to contribute to answering the main 

question. These sub-research questions are as follows: 

¶ SRQ1: How is the business value of BIM considered by Belgian AECO professionals, and what 

characteristics are seen as challenges and obstacles to the business value perceptions of BIM? 

¶ SRQ2: What are the software limitations for construction project management, and what is the 

importance of the Model View Definition (MVD)? How does the current interoperability by 

Industry Foundation Classes (IFC) meta data model relate to the use for construction project 

management? 

¶ SRQ3: How might a digital solution optimise construction project management? 

1.4. Dissertation structure 

Figure 2 presents the overall structure of this dissertation which has three main parts as described below. 

¶ Part I: Context, motivations, and objectives includes two chapters: (1) General introduction; 

(2) Literature review; that explain the motivations, presents the research questions and main 

objectives of this dissertation. 

¶ Part II: Methodology includes three main chapters that support the research questions defined 

in section 1.3 Aims and research question. 

¶ Chapter 3: presents the market research that allows constructing a AS-IS model of the 

Belgian AECO industry. This chapter gives an answer to the first sub-research question 

¶ Appendix A: presents the semi-structured questionnaire. 

¶ Chapter 4: presents the concepts of IFC, and the openBIM data models for time 

schedule information, and cost estimation. This chapter gives an answer to the second 

and the third sub-research questions. 

¶ Chapter 5: identifies the challenges and enablers of business value of BIM. This 

chapter gives an answer to the first sub-research question and shows how ñbusiness 

value of BIMò can contribute to the digitalisation of the Belgian AECO industry.  

¶ Appendix B: presents the participants in the semi-structured interviews held 

with the experts from the Belgian AECO industry.  

¶ Part III: Conclusion  includes a chapter that presents the conclusion of this dissertation by 

giving an answer to the research questions previously cited based on the results of this analysis. 
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Figure 2 ï General structure of the dissertation 
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2. THEORETICAL FRAMEWORK  

2.1. BIM  

Different recent studies give different views on what BIM is. Ģiga Turk (2016) states that BIM is a 

toolset that changes construction processes resulting in deeper knowledge and a higher level of quality. 

Yan Liu et al. (2017) see BIM as a socio-technical system that offers the possibility of combining 

modelling functions with process management, while Ali Ghaffarianhoseini et al. (2017) argues that 

BIM as a set of technologies is more focused on improving interorganisational collaboration during 

project lifecycles. No common consensus among BIM standards can be found on the definition of BIM 

(see Table 1). 

Table 1 - Definitions of BIM in the predominant BIM standards 

Standard Definition BIM  

ISO 29481-1:2010 

ñ2.2 building construction information model ï BIM  

shared digital representation of physical and functional 

characteristics of any built object (including buildings, bridges, 

roads, etc.) which forms a reliable basis decisions 

Note: ñBuilding Information Modelò is frequently used as a synonym 

for BIMò  

PAS 1192-2:2013 

ñ3.7 building information modelling (BIM) 

process of designing, constructing or operating a building or 

infrastructure asset using electronic object-oriented information 

ISO 29481-1:2016 

ñ3.2 building information modelling ï BIM  

use of a shared digital representation of a built object (including 

buildings, bridges, roads, etc.) to facilitate design, construction, and 

operation processes to form a reliable basis for decisions  

Note 1 to entry: The acronym BIM also stands for the shared digital 

representation of the physical and functional characteristics of any 

construction worksò 

EN ISO 19650-1:2018 

ñ3.3.14 building information modelling ï BIM  

use of shared digital representation of a built asset to facilitate 

design, construction, and operation processes to form a reliable 

basis for decisions  

Note1 to entry: Built assets include, but are not limited to, buildings, 

bridges, roads, process plantsò 

According to Ģiga Turk (2016), BIM is the abbreviation of three terms in the AECO industry: Building 

Information Modelling (process), Building Information Model (product) and Building Information 

Management (process control). This dissertation continues this division but changes the definition of 

BIM (process), BIM model (product), and BIM management (process control). The growing level of 

BIM needs these different terms as it all started with the challenge of representing buildings in 3D. This 

evolved into a management process of complex AEC projects with a high measure of interoperability 

throughout their life cycle (Turk, 2016). 
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2.1.1. Adoption of BIM  

The majority of previous research on BIM adoption and implementation is often contradictory and varies 

by context (Gu & London, 2010). This section is specifically intended to discuss BIM and summarise 

related research. In general, these studies show which factors can have an impact on BIM adoption. 

Although there is no general consensus in the literature (see Table 2), these factors are based on the 

perspective of large organisations and not of Small and Medium sized Enterprises*. The purpose of this 

dissertation is to contribute to the perspective of BIM-based project management in the Belgian AECO 

industry. 

Table 2 - Previous research on the factors that influence the adoption of BIM 

Authors Research method Conclusion 

(Xu, et al., 2005) TAM model 
Complexity and comparative advantage do 

not influence BIM adoption 

(Cao, et al., 2014) Institutional Theory 

Environmental factors such as competitive 

pressure and governmental pressure are 

significant for adoption 

(Ding, et al., 2015) Theory of reasoned action 
Top management support is not significant for 

BIM adoption 

(Ahuja, et al., 2016) TOE framework 
Testability, top management support and BIM 

expertise significant for adoption 

(Chen, et al., 2019) TOE framework 
No environmental factors influencing BIM 

adoption 

(Qin, et al., 2020) TAM-TOE model 

Government regulation proved to be main 

driver for BIM adoption. Environmental and 

organisational context most important 

 

The results vary by country, by discipline, and by the size of the company. What is remarkable is the 

contradictory results found in research that relies on the same context. Chen et al. (2019) examined the 

adoption of BIM for the Chinese construction industry using the Technology-Organisation-

Environmental (TOE) framework of Tornatzky & Fleischer (1990). The study showed that comparative 

advantage and top management support are key factors for BIM adoption among Chinese organisations 

and start-ups with an innovative character. Also, there was a discrepancy between engineering 

companies and construction companies in terms of organisational readiness, as the composition of these 

companies is completely different. Furthermore, there was no environmental factor influencing Chinese 

construction organisations to adopt BIM. This is contradictory to the findings of the research by Xu et 

al. (2005). These researchers used the Technology Acceptance Model (TAM) and concluded that 

complexity and comparative advantage do not influence users' adoption decisions. One reason for this 

may be that the research was conducted during the early adoption phase of BIM in China, which meant 

that a few organisations were already using BIM. Moreover, Cao et al. (2014) state through institutional 

theory that environmental factors such as competitive pressure and governmental pressure are 

 

* An SME is an indepent company with less than 250 employees and an annual turnover not exceeding EUR 50 million or a balance sheet total 

not exceeding EUR 43 million (European Union, 2014) 
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significant for BIM adoption. Conversely, Ding et al. (2015) indicate through the theory of reasoned 

action that top management support is not significant for BIM adoption among architectural 

organisations in China. One explanation for these contradictory results may be the different scope and 

theoretical frameworks used by the researchers. Similar to the study by Chen et al. (2019), Ahuja et al. 

(2016) also used the TOE framework to investigate the adoption of BIM for architectural organisations 

in India. They showed that testability, top management support, and expertise in BIM are significant 

factors that can influence the adoption of BIM. According to Qin et al. (2020), environmental and 

organisational factors are the drivers of BIM adoption in China. This research used the TAM-TOE 

model, which showed that government regulation had the most significant influence. 

2.1.2. nD BIM  

BIM has progressed farther beyond 3D modelling, and as a result, more ñdimensionsò, sometimes 

known as ñDôsò have been incorporated. The ñdimensionsò of time were researched and recognised as 

an integration into the 3D models as early as the 1990s. This was done to be able to view the execution 

of a project through its many phases and was referred to as 4D BIM at the time (Collier & Fischer, 

1995). After that came the implementation of the 5D method, which was used to refer to the cost 

dimension. Popov, et al., (2010) provided a conceptual framework for the use of the different 

ñdimensionsò of BIM identified so far (3D space, time, and cost) to develop a construction project in a 

virtual environment. They referred to the cost element in projects as the ñ5th dimension,ò or ñ5D,ò and 

they used the term ñ5Dò to refer to the cost element in projects. On the other hand, this was not the first 

time that the prospective addition of cost or even the various dimensions of BIM were discussed. Aouad, 

et al., (2005) brought up the concept of ñnDò modelling as early as 2005 when they discussed the 

potential for expanding the scope of the information that is included in the models. It is feasible to further 

expand the possibilities of BIM by integrating a number of extra ñdimensionsò into it. Charef, et al., 

(2018) say that some of these new dimensions are sustainability, accessibility, safety, energy, and 

acoustics.  

A more reliable early ñroughò estimate; faster and more accurate detailed estimates; increased 

collaboration within the appointment parties; increased project understanding; improved visualisation 

of construction details; and a reduction in change orders are some of the benefits of using 5D BIM 

(Sacks, et al., 2018), (Hasan & Rasheed, 2019). In addition to this, 5D BIM makes it easier to make 

important decisions by improving oneôs ability to analyse information (Lee, et al., 2016). When 

combined with 4D BIM, 5D BIM is also seen as a useful tool for managing costs and schedules over the 

course of a project (Lu, et al., 2019). 

Despite this, there are still certain restrictions. Quantity take-off, which is currently one of the most 

significant benefits of utilising 5D BIM, is simply one of the steps involved in the process, which means 

that fully automatic cost estimating is not an option. Eastman et al. (2018) explain that 5D BIM is not 

meant to replace cost engineers, but rather to help them do their jobs. In addition, the deployment of 5D 

BIM in businesses faces a number of barriers, including specialised technological skill needs from 

experienced individuals, reluctance to change, relatively high implementation costs, and the demand for 

collaboration (Sattineni & Macdonald, 2014). 
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2.1.3. Enhanced Quantity Take-Off  (QTO) 

In the AECO, a QTO serves as the foundation for various procedures. In addition, the process is carried 

out by many individuals that are participating in the project. As a result, the information that is obtained 

from a QTO has a substantial impact on the overall performance of the project. When done by hand, the 

process of creating a QTO is one that is both time-consuming and prone to mistakes. Because of this, 

the procedure of developing a QTO is seen as an ideal use case for automation in AEC. QTO can be 

generated semi-automatically, which is one of 5D BIMôs key features. 5D BIM software improves the 

fundamental QTO capabilities of non-specialised BIM software. One of the primary distinctions is the 

availability of a specialised QTO editor, which enables the creation of customisable breakdown 

structures to better accommodate the unique peculiarities of each project. These characteristics might be 

physical components of the project, such as the type, size, or number of systems, or they can be 

parametric meta-data, such as categorisation types or BIM model standards. The increasing use of BIM 

represents a crucial step toward the automated creation of QTOôs. Because the data is organised centrally 

and based on models, it is possible to make advancements in terms of the amount and quality of 

information as well as the availability of information. Additionally, the quality and transparency of the 

generated QTO may be improved, and at the same time, the QTO can be easily reused and adapted to 

accommodate changes in the design of the project. This is facilitated by the fact that the QTO is easily 

adaptable. Table 3 gives an overview of these aspects in comparison with the traditional approach. 

To maximise the programôs potential, it is essential to establish QTO templates, which enable the semi-

automatic production of QTOôs for projects, depending on the modelôs characteristics and a given 

ruleset. As long as projects have a consistent breakdown of objects and families, it is possible to make 

a companywide QTO template that lets QTOs be made without having to redo the full categorization of 

costs. This would make the company much more productive. However, it is essential to keep in mind 

that the enumerated enhancements can only be accomplished if those involved in the project adhere to 

the fundamental principles of BIM, which provide a framework for the definition, interchange, and 

management of data. 

Table 3 - Traditional QTO vs. BIM -based QTO (Mattern, et al., 2018) 

Aspect Traditional QTO  BIM -based QTO 

Information 

quality 

Risk of working with outdated or 

inconsistent documents; 2D-drawings 

may contain errors. 

BIM-based collaboration helps to 

work with models that adhere to the 

current planning phase; Possibility 

to perform collision checks before 

conducting QTO. 

Information 

quantity 

Depends on available documents. Model contains available meta-data 

which corresponds to current 

planning phase. 

Information 

availability  

Manual: time-consuming, error prone. Easy and fast due to the central 

model-based organisation. 

Quality of QTO Manual measurements may contain 

errors. 

Errors caused by wrong 

measurements are avoided. 
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Aspect Traditional QTO  BIM -based QTO 

Transparency of 

QTO 

Manual mapping between drawings 

and WBS may result in decreased 

transparency; complex situations 

require human interpretation of 

drawings. 

Visualisation options offer greater 

transparency. 

Reuse of QTO Depends on data format of QTO (MS 

Excel, data bases, etc.). 

Direct link to 4D- or 5D-analysis; 

Reuse for organising material 

orders. 

Flexibility 

concerning 

changes in design 

Need to revise QTO manually. Effective revision of QTO; 

Possibility to compare design 

alternatives with little effort. 

 

2.1.4. BIM -based QTO & Bills of Quantity (BOQ) 

The QTO is the estimation of the materials needed to accomplish the construction project. The 

trustworthiness of the following tasks: cost estimation, cost planning, and material procurement is 

dependent on the accuracy of the QTO (Khosakitchalert, et al., 2020). Traditionally, quantities are 

measured using 2D drawings according to the standard NBN_B06-001. One of the strengths of 5D BIM 

is the ability to create QTO semi-automatically. The objects within the BIM model contain meta-data. 

This data is adapted to the requirements for a particular purpose or use of the model. 

Modelling authoring software has basic QTO capabilities, which are further enhanced by 5D BIM 

software. One of the biggest differences is that QTO has a special editor that lets you make flexible 

breakdown structures that fit the needs of your project better. BIM models can reduce surveying time 

because the surveyors extract the quantities from the model objects instead of measuring them manually 

(Sacks, et al., 2018). However, if the BIM model has poorly meta-data distributed objects and elements, 

the enrichment of the QTO must be performed manually, a process that can become very labour-

intensive for larger projects. This makes the quality of BIM models the biggest challenge for BIM-based 

QTO (Khosakitchalert, et al., 2020). It is important to follow modelling guidelines suitable for QTO. 

Modelling with the end in mind is key; over-modelling to a high level of detail is time-consuming and 

the added value is rather limited. This is a limiting factor for the QTO, as these elements cannot be 

directly budgeted. Darren Olsen and Mark Taylor (2017) showed in their research that up to 50% of the 

meta-data needed for a quantity survey is actually captured in the BIM model. Experienced quantity 

surveyors will still be needed to validate the extracted information based on their knowledge (Vigneault, 

et al., 2020) Another limiting factor is the use of composite objects in the modelling authoring software, 

which means losing the ability to extract individual quantities from the objects. A derivation of the 

results based on the composite elements will lead to a different extracted quantity than the actual quantity 

(Khosakitchalert, et al., 2020). Not all elements in the BIM model have a graphical representation, for 

example coatings. 

During the research conducted through informal interviews, it appears that the two main disadvantages 

of BIM-based QTO are: (1) the amount of time invested in auditing and correcting the models with 

incorrect metadata; (2) metadata that is not up to date with the design (Olsen & Taylor, 2017).  
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However, these drawbacks do not outweigh the benefits of BIM-based QTO compared to the traditional 

method. In the future, use will not only increase, but also become essential to meet requirements. It gives 

more transparency and involves more engagement of appointment parties. Both the current 

shortcomings of modelling and the quantity take-off perspective will logically be resolved (Olsen & 

Taylor, 2017), and standardisation will play a crucial role.  

2.2. Interoperability  

The term interoperability is the conflation of two words: (1) inter = between two groups; (2) operability 

= ability to keep a piece of equipment, a system, or a whole industrial installation in a safe and reliable 

functioning condition, according to pre-defined operational requirements. In Table 4, the different 

definitions of interoperability among standards and research can be found. 

Garcia & Zhenhug (2015) reported that insufficient interoperability in a construction project could 

account for about 3.1% of the typical project budget (Garcia & Zhenhug, 2015). Interoperability refers 

to the ability to exchange information between different software application tools in real time, 

eliminating the need to manually transfer data from one application to another. 

To achieve interoperability, it is necessary to fulfil the 12 principles of interoperability: (1) Subsidiarity 

and Proportionality; (2) Openness; (3) Transparency; (4) Reusability; (5) Technological neutrality; (6) 

User-centricity; (7) Inclusion and Accessibility; (8) Security and Privacy; (9) Multilingualism; (10) 

Administrative simplification; (11) Preservation of information; and (12) Assessment of effectiveness 

and efficiency. 

Table 4 - Definitions of interoperability  

Standard / Authors Definition interoperability  

ISO 25964-2:2013 
ñAbility of two or more systems or components to exchange 

information and to use the information that has been exchangedò 

(Guenther & 

Radebaugh, 2004) 

ñThe ability of multiple systems with different hardware and software 

platforms, data structures, and interfaces to exchange data with 

minimal loss of content and functionalityò 

(Cambridge 

Dictionary, n.d.) 

ñThe degree to which two products, programs, etc. can be used 

together, or the quality of being able to be used togetherò 

 

The Information Delivery Manual (IDM) and Model View Definition (MVD) are buildingSMARTôs 

approaches to addressing interoperability issues using the openBIM format IFC. IDM-MVD allows 

stakeholders to ensure that BIM contains the information necessary for collaboration, supporting a fully 

automated open workflow from BIM to third approaches (e.g., structural analysis). IFC is not always 

compatible with BIM software tools, and IFC's structure is not compatible with BIM. 

Interoperability is defined by many stakeholders as "data integration and linkageò. In the BIM-based 

digital revolution, the same open IFC data format is even considered interoperable due to the fact that it 

can be read by different software. Such a statement is not totally compatible with the current 

interpretation of openBIM. "Interoperability" is the ability of computers to exchange processing capacity 
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through the "consumption" of services. As a result, the purpose of this dissertation is to reengineer the 

interpretation of openBIM because the connection and exchange of data between different organisations 

should take place using the OpenAPI specification (OAS), which enables the connections of all 

applications capable of communicating with web services. This is a technological level which is much 

higher than what is known simply as "openBIM". 

2.3. Management of Public Private Partnership (PPP) projects 

Project and process management are aimed at the decision-making implementation and realisation of 

PPP projects (Voets, et al., 2010). Project management refers to the substantive-technical approach of 

projects. Process management refers to the process-oriented, party-oriented approach to projects (de 

Bruijn, et al., 2002). 

2.3.1. Project management 

Project management is a specific field of management sciences focusing on the realisation of complex 

projects (Coppens, 2006). Projects can be defined as a series of (interrelated) activities and tasks that 

must produce a concretely described, unique result. They have a clear beginning and end and are realised 

within specified constraints. Moreover, the client or customer is committed to the result (Wijnen, et al., 

1997). 

The project manager will plan, make decisions, control, and monitor the project. By phasing, a project 

is broken down into parts over time. Each phase is concluded with a phase result in which the result of 

the project is recorded more precisely and in greater detail. Boundary conditions are imposed on projects 

from the start. The project manager controls the project based on five aspects: (1) time; (2) money; (3) 

quality; (4) information; and (5) organisation (Wijnen, et al., 1997). Project management requires a 

hierarchical direction (top-down control), control over all necessary resources in terms of management 

cycles, consensus around problem definitions, and consensus around the projectôs objectives (de Bruijn, 

et al., 2002). 

 

Figure 3 - Project management (the figure is created on the basis of (Wijnen, et al., 1997)) 
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Project management is applicable in object-oriented PPP projects such as the construction of a building 

or infrastructure work. When erecting a building, there are successive phases: sketch design, preliminary 

design, final design, specifications, and the completed building. The most obvious contract form for an 

object-oriented PPP is a contractual partnership. The mutual relationships and responsibilities between 

the various partners are clearly laid down in this type of contract. This provides a basis on which the 

BIM objectives can be realised, making it eminently suitable for BIM-based project management. 

2.3.2. Process management 

Process management is defined as the performance of a set of interrelated or mutually influencing 

activities in which actors with divergent interests are brought together with the aim of achieving an 

often-abstract goal. This is the case with PPP construction projects. Various appointment parties are 

involved, each with their own, equal interest in the project. The government is only one of the actors. It 

is a primus inter pares. The content of the project is the result of interaction between the various 

appointment parties, and this interaction between the parties is bound by rules. Such a project is 

successful if it reflects a win-win situation between the various interests (Vereniging voor Vlaamse 

Steden en Gemeenten, 2008). 

The process will be deliberately ñdesignedò to arrive at a substantive decision. The rules of the game 

will be determined by the decisions that will be made by the parties involved (Coppens, 2006). These 

can be rules about the inclusion or exclusion of parties in the process, rules about the roles of the various 

parties (e.g., coordinator, chairman, expert); or rules about decision-making (consensus, vote, veto) 

(Coppens, 2006). 

It is important that the various partners continue to trust each other throughout the process. Mutual trust 

grows as the risk taken by both partners is more balanced. Since in a participatory PPP, both the public 

and the private partners share the profits and losses, and thus both take risks, this contract form will offer 

a possible solution for BIM-based project management. It is also possible to develop a construction 

project via a contractual PPP. However, since this form of contract emphasises the separation of 

responsibilities and formalisation of interactions between appointment parties, contractual PPP does not 

benefit the necessary understanding and trust between the appointment parties themselves. 

If consensus has been reached on parts of a PPP construction project and they can be carried out, a 

switch should be made for that part from process thinking to principles of project management in which 

the classic management instruments such as fixing content or controlling time and money can be used. 

The distinction between project and process management (Table 5) is therefore somewhat artificial in 

this sense. Figure 4 illustrates the decrease in process content and the increase in project content over 

time at the construction level, where a process emerges from a corporate vision and is divided into 

projects over time, after which the process changes as a result of lessons learned. In practice, the dividing 

lines between what is a process and what is a project cannot always be drawn very clearly.  
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Table 5 - Summary: difference between project and process management 

(source: (Coppens, 2006)) 

 Project management Process management 

Problem definition Defined Unstructured 

Requirements Defined Undefined 

Decision-making Staged Cyclic, inflowing 

Authority typology  Hierarchical Network-like 

 

Figure 4 - Process/project management evolution over time 

2.4. Key Performance Indicator  

The following section illustrates how information is extracted, processed, and communicated for 

effective construction monitoring utilising a BIM approach, but only for time and cost monitoring, in 

order to comprehend the roles and responsibilities of appointment parties in the actual monitoring, 

control, and supervision during construction. The most important questions will be about who is 

responsible for monitoring construction, what information is collected for this purpose, and how this 

information is shared. 

First, the terms ñmonitoringò and ñcontrollingò are defined for clarity. Control is synonymous with 

supervision, whereas monitoring refers to gathering data to supervise and control a project. In the project 

management literature, the words ñcontrolò and ñmonitoringò appear as words with significantly 

different meanings because of the respective roles assigned to them in the project. (1) control is part of 

project management; its aim is to accomplish objectives, and it has the ability to make decisions and 
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take action in the case of deviations; (2) monitoring is part of the verification of the implementation of 

project controls and is only a matter of monitoring, comparing, and identifying.  

2.4.1. Schedule analytics for construction projects 

The control of the project schedule consists of three parts (see Figure 5): (1) the input data required for 

construction monitoring; (2) monitoring and control using various techniques and methodologies; and 

(3) the output data or outcomes of construction monitoring (Project Management Institute, 2013). Even 

a well -estimated schedule is meaningless if it is not used throughout the execution phase and regularly 

monitored and updated based on the monitoring of the construction process of the project (Nataġa & 

Zoran, 2017). An up-to-date schedule is also a vital component of the decision-making process for 

changes to the project, because it provides both information on the current status of the project and the 

effect of the influence of various factors on the schedule and its changes. At the same time, it serves as 

evidence that the project is on track and that it will be updated in the case of changes (Project 

Management Institute, 2013). 

 

Figure 5 - Elements of schedule control (Project Management Institute, 2013) 

As can be seen from Figure 5, most of the inputs for monitoring the schedule are already in place at the 

design stage. Various methods and techniques are used to monitor the execution of the work and the 

progress of the project against the schedule and other planning documents produced during the design 

phase. For example, productivity is compared, measured, and analysed by reviewing the work carried 

out through trend analysis; progress against a critical path is monitored using the earned value method; 

or computer programmes are used to compare scheduled completion dates with actual dates to monitor 

project progress (Project Management Institute, 2013). 

2.4.2. Cost analytics for construction projects 

As the progress of a construction project is monitored, the project costs are also updated to ensure that 

changes are managed in a meaningful way in relation to the projectôs baseline estimated costs or budget. 

Like the schedule control, the cost control can be divided into three parts, as shown in Figure 6. 

For cost control and monitoring purposes, it is also mandatory to monitor the actual status of the works 

being carried out on site, as cost control is the link between the funds spent and the works being carried 

out. Several methods of monitoring construction costs are possible, and one of them is the Earned Value 

Management (EVM) method. It is of interest in particular for its transparency of both schedule and cost 

monitoring by detecting deviations from the schedule, the estimated costs, and the use of financial 

resources. 
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Figure 6 - Elements of cost control (Project Management Institute, 2013) 

Prior to the application of BIM, experts made ñeducated guessesò about the duration of activities and 

the sequence of work on the project based on prior project experience and industry data. Although this 

approach is considered the ñstandardò for scheduling, this method is not very efficient. As a result, poor 

estimation or numerous unanticipated occurrences might result in project delays. These delays can be 

addressed by increasing the number of workers and activities that are carried out simultaneously on 

different sites or even on the same site. This creates a considerable risk to the execution of the tasks and 

subsequently impacts the quality of the execution. In this case, it is better to regularly monitor the key 

performance indicators or the productivity of the execution and to take decisions based on an iterative 

analysis of the impact of the change in the process on the execution time and costs. This can be achieved 

using BIM by linking the BIM-model to the schedule and the cost estimation. In this way, various model 

simulations and demonstrations of the sequence of execution can be carried out before these activities 

are carried out on site. Thus, the problem is tackled graphically and analytically, resulting in a greater 

grasp of the current situation. As a result of having a greater amount of more structured data already at 

the planning stage, there is also a better estimate of the planned project execution (realistic schedule) 

and the foreseen flow of work. 

This section outlines how the project is monitored and controlled through three key steps. The necessary 

input data or documents to make the control possible are also shown. In monitoring with a BIM 

approach, this data has to be structured and integrated in a suitable way, in terms of linking the schedule 

to the geometry of the model (4D BIM) and integrating the cost with the geometry and the schedule (5D 

BIM) (Elbeltagi, et al., 2014). The monitoring and control of costs in the construction process of a 

building is thus carried out with a 5D BIM model, a software tool that allows the interaction of the 

monitoring (data capture and processing) with the design and the cost (integrated cost estimation and 

model) (Elbeltagi, et al., 2014). Interaction is possible with sufficient interoperability between 

modelling, cost estimation, scheduling, and monitoring software tools, or with a tool that allows 

integration into the 5D model with construction monitoring enabled. Figure 7 shows the difference 

between the assumed construction monitoring framework with tools that allow interoperability (in terms 

of data import and export) and tools that allow full interoperability or are integrated visualisation tools 

for construction monitoring. 
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Figure 7 - Interoperable (left) (Elbeltagi, et al., 2014) and integrated tools for monitoring (right) 

2.5. AS-IS tender process model 

The procurement process in Belgium can be divided into two main categories; (1) traditional public 

procurement includes various degrees of sophistication, ranging from the public authority that designs, 

conceives, and coordinates everything and uses contractors for the execution, to the public authority that 

realises a contract with a promotor who bears full responsibility. The choice of the method of granting 

the public contract determines the public-private procurement: (a) when the authority defines all the 

characteristics of the project in advance and is only interested in obtaining the cheapest offer, it is the 

public contract formula. (b) when the authority seeks to choose from among several projects to be 

proposed and also takes into account criteria other than price, such as location, architectural qualities, 

added value, etc. the invitation to tender can be used. (c) when the authority is not sure which project it 

wants to build and at what price, starting from a vague objective, the negotiated procedure with 

publication can be used. (2) In a Design, Build, Finance and Maintain (DBFM) procurement is the 

private partner responsible for the design, construction, financing, and maintenance of a specific 

infrastructure/building (Decatteeuw, 2006). These projects have a number of specific characteristics. 

They require an integrated project approach, the modelling of output specifications, and a performance-

based payment mechanism. Procurement is based on functional requirements instead of detailed ones. 

A functional requirement is formulated from the perspective of the client or user. For a DBFM project, 

for example, a hospital, one could state as a functional requirement that the width of the corridors must 

be such that 2 beds can pass each other. A detailed requirement, on the other hand, specifies the 

minimum width of the corridors, for example, 2 metres (Wintgens, 2008). An alternative payment 

mechanism applies to a DBFM project. There is ñpre-financingò by the consortium during construction. 

Payment in instalments only takes place after ñdeliveryò of the building or infrastructure. The 

availability payment can be reduced if the consortium does not properly fulfil its obligations (Koster & 

Hoge, 2005). 
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2.6. Business process re-engineering 

The literature provides a variety of definitions of BPR that are quite comparable to one another (Table 

6). Sanjay Mohapatra (2013) defines six crucial elements for BRP in his book "Business Process 

Reengineering: Automation Decision Points in Process Reengineering": (1) A radical change; (2) 

Change in orientation; (3) Redesign business processes; (4) Change in organisational structure; (5) 

Technological improvements; (6) The objective in the improvement of customer service and reduction 

of costs (Mohapatra, 2013). 

Table 6 - Definitions of Business Process Reengineering 

Standard Definition BPR 

(Hammer & Champy, 

1993) 

ñRe-engineering is the fundamental rethinking and radical redesign 

of business processes to achieve dramatic improvements in critical, 

contemporary measures of performance, such as cost, quality, 

service, and speed.ò  

(Du Plessis, 1994) 

ñBusiness process re-engineering is the fundamental rethinking of 

every process and activity pertaining to a business ð business 

practices, management systems, job definitions, organisational 

structures, and beliefs and behaviours. The goal is dramatic 

performance improvements to meet contemporary requirements ï 

and IT is seen as a key enabler in this process.ò 

 

Continuous Process Improvement (CPI) refers to an initiative that aims to enhance the quality of 

products, services, or processes over time. When compared to BPR, the improvements are founded on 

very minor adjustments as opposed to the extreme adjustments that may result from R&D. As a result, 

the required investment of capital is apparently going to be rather low. The advancement is partly 

attributable to the fact that workers are often looking for new ways to enhance their performance. 

Therefore, the procedures are regularly analysed, enhanced, and optimised considering their efficiency, 

effectiveness, and flexibility.  

Figure 8 depicts the effects of CPI and BPR on KPI over the period of time, as well as a comparison of 

the impact of changes in business processes and the frequency of those changes. In the form of a table, 

as shown in Table 7, a summary of the comparison between BPR and CPI can be found. 

Table 7 - Comparison between BPR and CPI  

 CPI BPR 

Change level Incremental  Radical 

Starting point  Existing process Clean slate 

Frequency One-time / continuous One-time 

Participation Bottom-up Top-down 

Scope Narrow, within functions Broad, cross-functional 

Risk Moderate High 

Primary enabler Statistical control Information technology 

Type of change Cultural Cultural/structural 
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Figure 8 ï Effect of CPI and BPR on KPI over time (left, based on (Cerovġek, 2022)) and 

comparison of the impact of changes in business processes and their frequency (right, based on 

(Cerovġek, 2022)) 

The process of reengineering a business process has been broken down into several steps, regardless of 

the methodology that is used. Mohapatra (2013) outlines a broad method that can be broken down into 

the following steps: (1) Project planning and launch; (2) Current state assessment and learning from 

others; (3) Solution design; (4) Business case development; (5) Solution development; (6) 

Implementation; (7) Continuous improvement (Mohapatra, 2013). The technique follows the 

methodology outlined by Cerovġek (2022) and is laid out in the form of an IDEF0 process diagram 

(Figure 9). 

 

Figure 9 ï IDEF0 diagram of business process reengineering methodology (Cerovġek, 2022) 
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