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ABSTRACT  

Jordan faces a variety of challenges, because of the lack of natural resources such as oil and water, 

and then combined with its rapid urbanisation and a significantly growing population due to cultural, 

economic and political reasons such as recurring forced immigration from neighbouring countries 

over the past 69 years. It imports 96.5% of its energy needs, equal to 83% of the total export gains. 

Buildings have been recognised as a significant consumer of natural resources as it represents nearly 

70%, of the construction work in Jordan and accounts for 33% of the total energy consumption in 

the country. Public building projects in Jordan are vital to the building sector as the government is 

the major client and key mover for the construction buildings sector. However, a large portion of the 

public building projects in Jordan suffers from sustainability performance issues. Therefore, greening 

the public sector building becomes a key target and favourable option for the government.  

Many studies have identified Building Information Modeling as one of the most promising 

approaches in terms of facilitating sustainable solutions and meeting the global need for sustainable 

buildings. The regulatory frameworks and in particular procurement approaches have been 

identified as a significant factor of the success of BIM implementation on building projects. However, 

there have been no precedent studies on BIM and the effect of procurement approaches on BIM 

uptake in the Jordanian context and typology of public building projects. Therefore, this research 

aims to develop a procurement framework to encourage the implementation of BIM in the 

Jordanian public sector for better sustainable building performance. In order to achieve the aim, this 

research firstly conducted a systematic literature review to investigate the importance of delivering 

sustainable public building projects in Jordan. Then, an investigation on the impact of adopting BIM 

on the design and delivery of sustainable building projects, and the impact of public procurement 

approaches on the uptake of BIM and delivery of sustainable buildings were undertaken. 

Subsequently, questionnaires and semi-structured interviews were distributed and conducted to 

investigate the current practice and common issues regarding BIM implementation in the Jordanian 

public building sector and the impact of the currently adopted procurement approaches on BIM 

implementation. Finally, a BIM-friendly procurement framework was developed based on the 

findings and was validated through semi-structured interviews with tender managers, project 

managers, BIM managers and construction managers working in the public building sector in Jordan. 

This study has confirmed the need for BIM implementation in the public building sector in Jordan 

because of the several potential benefits including sustainability enhancement of new building 

projects. This study also found that procurement approaches have a significant impact on BIM 
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implementation and sustainability outcomes in the Jordanian public building sector in which more 

integrated procurement approaches have further potential for effective BIM implementation to 

achieve sustainable buildings.  However, changing the traditional procurement approach for a 

collaborative one would be faced with many legal, cultural and technical issues. Therefore, the 

developed procurement framework was based on the traditional procurement approach. This 

framework aims to provide several solutions to overcome the barriers associated with the traditional 

procurement approach, and it facilitates the implementation of BIM, thus enhancing the 

sustainability performance of the new Jordanian public buildings. Finally, the procurement 

framework was validated as suitable and a good stepping stone towards better BIM implementation 

and achieving sustainability.    

The content of this research should be of interest to public clients, and their consultants and 

contractors dealing with procurement and BIM implementation issues. It should also be of interest 

to researchers in the field as it provides a basis for future research and fills a knowledge gap in the 

ŀǊŜŀ ƻŦ .La ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ŀƴŘ ǇǊƻŎǳǊŜƳŜƴǘ ƛǎǎǳŜǎ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ ōǳƛƭŘƛƴƎǎΩ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ 

performance in the Jordanian public sector. 
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CHAPTER 1: INTRODUCTION  

1.1 RESEARCH BACKGROUND  

Current concerns about energy consumption, natural resources, increasing oil prices and 

other factors affecting the global environment have led to increasing pressure for all new 

developments to be sustainable. Issues pertaining to global warming and carbon emissions 

make sustainability a priority. Thus, sustainable development is now a field of evolving 

research (Sheth, 2011). 

The construction industry has been widely recognised for its significant contribution to 

WƻǊŘŀƴΩǎ socio-economic development and as being a major consumer of energy and 

natural resources. Buildings, in particular, have a substantial impact on the global 

environment. The building sector has been described as an energy intensive and profligate 

industry. Globally, 45% of the worldΩǎ energy and 50% of the water are used in building 

construction (Willmott Dixon, 2010). Therefore, buildings are critical in delivering 

sustainable developments, which are ƛƳǇƻǊǘŀƴǘ ǘƻ ŜǾŜǊȅƻƴŜΩǎ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜ ό.ǳǊƎŀƴ ϧ 

Sansom, 2006; Morrell, 2010).   

Building Information Modelling (BIM) has been identified as one of the most promising 

solutions in terms of improving sustainability and meeting the global need for sustainable 

buildings (Kumanayake and Bandara, 2012). This is due its ability to support the supply, 

management and integration of much-needed information throughout the lifecycle of a 

building (Häkkinen and Kiviniemi, 2008). BIMΩǎ sustainable solutions have started recently 

to realise their potential as the demand for both BIM and sustainability is increasing 

annually (Bynum, Issa & Olbina, 2013). Practitioners believe that BIM can achieve 

sustainable building outcomes more efficiently than non-BIM approaches (McGraw-Hill, 

2010a), and that such benefits accrue in building projects across the globe. Mihindu and 

Arayici (2008) have reported that many pilots and live projects completed and 

documented in Finland, Sweden, Norway, Germany, France, Singapore and Australia 

demonstrate that BIM has a better outcome in terms of constructing sustainable buildings 

compared to non-BIM approaches. 

The public sector has a primary role in BIM adoption (Cheng, 2015; Wong, Wong & 

Nadeem, 2009). Many countries around the globe have realised the vital role of the public 

authorities in promoting BIM, such as in the United States (US), Australia and the United 
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Kingdom (UK) (Won, 2013). Porwal and Hewage (2013) stated that the public sector has a 

pivotal role in initiating and driving BIM implementation. Cheng and Lu (2015) argued that 

the public sector should not only initiate and drive BIM implementation, but it should also 

act as a regulator. Therefore, governments in the US (Wong et al., 2009), Australia 

(BuildingSMART, 2012) and the UK (HM Government, 2012) have set a mandate and 

certain implementation strategies for the use of BIM in public construction projects.  

Many studies have indicated that regulatory frameworks and, in particular, procurement 

approaches have a major impact on the success of BIM implementation in building 

projects (Holzer, 2015). This is because BIM is a collaborative platform; thus, deriving the 

maximum benefit from its implementation requires a collaborative environment within all 

the different parties involved. Clients are, therefore, likely to change the way that they 

procure buildings when implementing BIM to ensure a more integrated and collaborative 

working process (Foulkes, 2012). Different procurement approaches can achieve different 

collaboration levels by establishing the relationships between the involved parties and the 

tasks involved, which are connected to the building lifecycle (Laishram, 2011). This has led 

many governments around the world in countries such as the UK and Australia to require 

the deployment of collaborative procurement approaches (GCS, 2016), or the 

development of a new procurement approach for BIM implementation (Porwal and 

Hewage, 2013). On the other hand, developing a procurement approach for BIM 

implementation needs to be investigated in a specific context and certain typology of 

building project (Sebastian, 2011a). 

1.2 STATEMENT OF PROBLEM  

The geographic focus of this research is Jordan, which faces a variety of sustainability 

challenges shared with other developing countries, especially in the Middle East, such as 

increased levels of pollution and energy concerns (Ali and Al Nsairat, 2009). Jordan lacks 

natural resources, combined with a significantly growing population (MWI, 2016). 

Moreover, Jordan represents a different case from other countries in the Middle East as it 

is a non-oil producing country, and it imports 96.5% of its energy needs from neighbouring 

ŎƻǳƴǘǊƛŜǎ όa9awΣ нлмнύΦ ¢Ƙƛǎ ŎƻƴǎǳƳŜǎ ŀ ŎƻƴǎƛŘŜǊŀōƭŜ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǎǘŀǘŜΩǎ ŀƴƴǳŀƭ 

budget, which is equal to 83% of the total export gains (ibid). Therefore, sustainability 

issues are of paramount importance for the future of Jordan  
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The Jordanian construction industry is the largest sector in the country, and it has been 

widely recognised as a significant consumer of energy and natural resources, and as 

making a considerable contribution to the socio-economic development (Dana, 2015). It 

contributes nearly 15% of the Jordanian economy to the Jordanian Gross Domestic 

Product (GDP) (JCCA, 2015). Buildings represent a large portion of the construction work in 

Jordan with nearly 70% of the total value (see Table 1.1).  

Table 1.1: Type of construction work in Jordan (JCCA, 2015) 

Type  Value (JD m) Percentage 

Buildings  514.5 70% 

Electro-mechanical 83.02 11.2% 

Roads 39.3 5.3% 

Water supply and waste water  58.9 8% 

Others 40.9 5.5% 

Total  736.62 100% 

Moreover, there is a high demand for buildings in Jordan, which makes it the fastest 

growing sector in the country. This is due to many trends such as the high rate of 

population growth on account of waves of recurring forced immigration from 

neighbouring countries over the past 69 years. According to the last national census 

conducted in November 2015, the total population in Jordan is 9.523 million. From this, 

Jordanian nationals equal to 6.6 million while around 2.9 million comprise the non-

Jordanians who reside in the country (Ghazal, 2016). Moreover, rapid urbanisation has 

resulted in approximately 80% of the general population residing in urban areas, and 70% 

of this population living within 30 km of the capital, Amman (Kisbi, 2011). These issues 

have placed a large burden on the public buildings and built environment in Jordan.  

The importance of the building sector comes from the fact that it accounts for 33% of the 

final energy consumption in Jordan (UNEP, 2007), and that it consumes a significant 

amount of the available water in a country that is considered to be ƻƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ 

most water-stressed countries (Kisbi, 2011). Greening the building sector becomes a key 

target and favourable option (RSSJ and FES, 2013). However, raising awareness on energy 

and water consumption has been the main focus with regard to resource efficiency in 

Jordan. These are minor measures unless they are complemented by sustainable design 



4 
 

practices and approaches throughout the buildingsΩ lifecycle (RSSJ and FES, 2013; Reed, 

Fraser and Dougill, 2006).  

Public buildings in Jordan are of utmost importance to the building sector. This is because 

ǘƘŜ ƎƻǾŜǊƴƳŜƴǘ ƛƴ WƻǊŘŀƴ Ƙŀǎ ŀƭǿŀȅǎ ōŜŜƴ άǘƘŜ ƳŀƧƻǊ client for most important 

ŎƻƴǎǘǊǳŎǘƛƻƴ ǿƻǊƪǎ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ƳŀƧƻǊ ǇŀǊǘ ƻŦ ŜȄǇŜƴŘƛǘǳǊŜ ƛƴ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ǿƻǊƪέ 

(Awni, 1983), and it is one of the Jordanian Construction Industry (JCI) key movers 

(Haddadin, 2014). Additionally, Jordan is primarily a service economy with a significant 

dependence on the public sector. However, a large portion of the public building projects 

suffer from sustainability performance issues (FFEM and ANME, 2010).  

Despite the recognised potential of the BIM contribution on delivering sustainable 

buildings, very little research has been undertaken on BIM in Jordan (Al Awad, 2015; 

Matarneh, 2017). The first academic research study on BIM in the Jordanian context was 

by Al Awad (2015) on Ψthe uptake of advanced IT with specific emphasis on BIM by SMEs in 

the Jordanian Construction IndustryΩ. He concluded that BIM is virtually non-existent in 

Jordan. Following this research, Matarneh (2017) conducted a study to identify certain 

BIM experiences, including the perceived benefits, values and challenges to BIM adoption 

and implementation in the construction industry in Jordan. The findings of her research 

revealed that in Jordan, BIM implementation is in its infancy. The crucial role of the public 

sector in Jordan and the public sector role in BIM implementation was not the focus in any 

of the above studies. This also shows the absence of research on the regularity 

frameworks (procurement approaches) and their effect on BIM implementation in the 

public sector in Jordan. There is, therefore, a need to explore the current BIM theory and 

regularity frameworks (procurement approaches) in the public building sector in Jordan.  

1.3 RESEARCH MOTIVATION  

The following describes the main motivation for conducting this research:  

1. The preconstruction stage has been the focus of previous research in the field of 

delivering sustainable buildings, such as building design regulations, sustainable building 

design (SBD) and the tools for building sustainable assessments (Hama and Greenwood, 

2009; Zanni, 2017; Bossink, 2007, Labuschagne and Brent, 2005; Wang, Chang and Nunn, 

2010). However, in the last ten years, researchers have begun to investigate the delivery 
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of sustainable buildings through project management systems, which demonstrates a lack 

of studies in this area.  

2. The government in Jordan was the first in the Middle East to take the BIM oath. This 

was through signing an agreement in 2011 between the Ministry of Public Works and 

Housing (MPWH) and the Jordan Engineering Association (J9!ύ ǿƛǘƘ Ψ.ǳƛƭŘƛƴƎ{MARTΩ ŀƴŘ 

Ψthe BIM JournalΩ to establish a BuildingSMART Forum in Jordan and to promote BIM 

adoption and implementation (Middle East Construction News, 2011). However, since 

signing the agreement, few studies have been conducted on BIM adoption and 

implementation in Jordan (Al Awad, 2015; Matarneh, 2017), with no precedent studies on 

BIM adoption and implementation in the public sector in Jordan.  

3. Many researchers have identified the current procurement approaches as a challenge 

for BIM implementation (Becerik-Gerber and Kensek, 2010; Bolpagni, 2013; Sackey, Tuuli 

& Dainty, 2015). However, the literature is divided between two standpoints to overcome 

this challenge. The first position is that there is a need for profound changes in the 

adopted procurement approaches for BIM implementation, particularly to create the 

required collaborative environment to bring multiple stakeholders together over the 

project lifecycle (Foulkes, 2012; Volk, Stengel & Schultmann, 2014; Pcholakis, 2010; 

Laishram, 2011). Therefore, it is argued that clients should change the way they procure 

ōǳƛƭŘƛƴƎǎ ǿƘŜƴ ƛƳǇƭŜƳŜƴǘƛƴƎ .La ǘƻ ŜƴǎǳǊŜ ŀ Ŧǳƭƭȅ ƛƴǘŜƎǊŀǘŜŘΣ ŎƻƭƭŀōƻǊŀǘƛǾŜ .LaπŜƴŀōƭŜŘ 

work process (Foulkes, 2012). The second argument is that the profound changes and 

ǊŀŘƛŎŀƭ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƛƴŘǳǎǘǊȅ ŦƻǊ .LaπŜƴŀōƭŜŘ ǿƻǊƪƛƴƎ ǇǊŀŎǘƛŎŜǎ ŀǊŜ 

a challenging task (Howard and Bjork, 2008). Instead, researchers recommend developing 

a procurement framework that synchronises BIM implementation with the current work 

processes (Kim, 2014; London, Singh, Taylor, Gu & Brankovic, 2008; Porwal and Hewage, 

2013). These viewpoints highlight the importance of investigating the current 

procurement approaches fitness for effective BIM implementation in a specific context 

and certain typology of building project (Sebastian, 2011a), and how to overcome this 

challenge. Therefore, the next section highlights the aim and objectives for this study 

trying to fill these gaps.  
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1.4 RESEARCH AIM AND OBJECTIVES  

The overarching aim of this research is to develop a procurement framework to enhance 

the implementation of BIM in the Jordanian public sector for better sustainable building 

performance.  

To satisfy this aim, the following objectives are pursued:  

ǒ To investigate the importance of delivering sustainable public building projects in 

Jordan. 

ǒ To investigate the impact of adopting BIM approaches on the design and delivery 

of sustainable building projects.  

ǒ To investigate the impact of procurement approaches on the uptake of BIM and 

delivery of sustainable buildings.  

ǒ To investigate the current BIM status, feasibility, benefits and barriers in the public 

sector in Jordan. 

ǒ To investigate the procurement approaches used in the Jordanian public sector, 

their effect on the adoption of BIM and the subsequent ability to deliver 

sustainable building projects. 

ǒ To develop a procurement framework to enhance the implementation of BIM in 

the Jordanian public sector for better sustainable building performance.  

ǒ To refine and validate the developed framework. 

1.5 OUTLINE OF RESEARCH METHODLOGY  

The research design is developed based on the research problem (see Section 1.3). The 

research problem influenced the selected methods of collecting the data and achieving 

the research objectives (see Table 1.2). In addition, it clarified the main steps in the 

research process (see Section 1.7). A mixed methods approach is adopted in this research; 

both quantitative and qualitative data collection and analysis will be used. Mixed method 

appǊƻŀŎƘŜǎ ŀƭƭƻǿ άa more complete and synergistic utilisation of data than doing separate 

quantitative and qualitative data collection and analysisέ ό²ƛǎŘƻƳ ϧ /ǊŜǎǿŜƭƭΣ нлмо, p. 1). 

Questionnaires and interviews will be utilised to collect data from the major stakeholders 

in the public construction sector in Jordan. Chapter 5 will provide more in-depth detail 

about the research design employed in this research.    
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 Table 1.2: Summary of key research objectives and outline of methods 

LR: Literature Review; QA: Questionnaire Analysis; IA: Interview Analysis,  

VIA: Validation Interview Analysis  

Objective number Research objectives Method  Chapter  

One  To investigate the importance of delivering 
sustainable public building projects in Jordan.  

LR  

 

2  

 

Two  To investigate the impact of adopting BIM 
approaches on the design and delivery of 
sustainable projects.  

LR 

IA 

3 

7 

Three  To investigate the impact of procurement 
approaches on the uptake of BIM. 

LR 

IA 

4 

7 

Four  To investigate the current BIM status, 
feasibility, benefits and barriers in the public 
sector in Jordan. 

QA 

IA 

6 

7 

Five  To investigate the procurement approaches 
used in the Jordanian public sector, their effect 
on the adoption of BIM and the subsequent 
ability to deliver sustainable projects that 
perform over their whole life.  

IA 7 

Six  To develop a procurement framework to 
enhance the implementation of BIM in the 
Jordanian public sector for better sustainable 
building performance.  

QA 

IA 

LR 

8 

Seven  To validate the developed framework. VIA 8 

1.6 RESEARCH PROCESS  

The research design process is described in Figure 1.1 below. There are twenty main steps. 

The research started by identifying the research problem followed by setting the research 

aim and objectives (see steps 1, 2 & 3). Then, the secondary data were collected by the 

researcher to cover the literature review section, which is represented by step 4. This step 

reviewed the literature on sustainable buildings, BIM and its effect on delivering 

sustainable buildings, and the effect of procurement approaches on BIM and sustainability 

considerations. Therefore, the literature review was divided into three chapters in this 

thesis (see Chapters 2, 3 & 4). The fifth step looked at the research design (the research 

methodology), including the research philosophy and approach, research methods and 

techniques and research population and sampling methods (see steps 5, 6, 7 & 8). These 

steps are finalised in Chapter 5. The four phases of data collection are discussed in detail in 

the research design part (see Section 5.7). Phase 1 is represented in step 9 in view of the 
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data collection, through distributing questionnaire surveys to key stakeholders in the 

public building sector in Jordan, and in step 10Ωǎ statistical data analysis and discussion; 

these steps are concluded in Chapter 6. Phase 2 is represented by four steps. Step 11 

identified potential interviewees that had the required experience, and then sent an 

invitation letter (see Appendix E), and step 12 organised the time and place for each 

interview. Step 13 was about the collection of data on the basis of face-to-face interviews. 

This was followed by step 14 to analyse the collected data; this final step includes the 

interview data transcriptions and the data analysis using the NVivo software. Steps 11, 12, 

13 and 14 are concluded in Chapter 7. Phases 3 and 4 are represented by four steps. Step 

15 developed a framework adopting the main principles of a problem-solving 

methodology using the literature, questionnaire analysis and interviews analysis; step 16 

prepared for the data collection to validate the developed framework through semi-

structured interviews. Step 17 examined the data collection, including the transcriptions, 

and step 18 revised and refined the developed framework. Phases 3 and 4 are concluded 

in Chapter 8. In the last two steps, step 19 drew certain research conclusions, and step 20 

provided recommendations for future research. These steps are concluded in Chapter 9 of 

this thesis.  

Identify the 
research problem

Set research 
question

Research aim and 
objectives 

Literature review
Draw research 

design

Write research 
philosophy and 

approach 

Identify research 
methods and 
techniques for 
data collection 

Data collection 
phase 1 

questionnaires 

Identify research 
population and 

sampling methods 

Data analysis and 
findings 

Data collection 
phase 2 semi- 

structured 
interviews 

Data analysis and 
findings 

Identify potential 
interviewees and 
send invitations

Organise time 
and place for 

each interview

Framework 
development 

phase 3

Identify validation  
interviewees and 
send invitation 

Data collection phase 4 
validation semi- 

structured interviews 

Revised framework 

Draw research 
conculsions

Draw 
recommendations 
and future work 

Chapter 1

Chapter 2,3 &4

Chapter 5 Chapter 6 Chapter 8

Chapter 9Chapter 7

1

4 5

8

9

10

13

14

15

17

18

19

20

3 6

2

7

16

12

11

 

Figure 1.1: Research design process 
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1.7 THESIS STRUCTURE  

The thesis is structured into nine chapters, as briefly described below. Figure 1.2 illustrates 

the links between the thesis chapters.   

Chapter One: General Introduction   

This chapter provides the research background, statement of problem, research 

motivation, aims and objectives, along with an outline of the research methodology and 

the research design process. The research motivation refers to the significant gap found in 

the literature.  Finally, this chapter introduces the thesis structure.  

Chapter Two:  Sustainable development and built environment 

This chapter provides a background to the concepts, principles, strategies and plans for 

sustainable development and sustainable construction worldwide and in Jordan. It also 

discusses the importance of delivering sustainable public buildings in Jordan and the issues 

associated with it. Finally, the chapter ƛŘŜƴǘƛŦƛŜǎ ǘƘŜ ƳŀƧƻǊ ǎǳǎǘŀƛƴŀōƭŜ ōǳƛƭŘƛƴƎ ǇǊƻƧŜŎǘǎΩ 

stakeholders.  

Chapter Three: BIM-enabled sustainable design and delivery 

This chapter provides a contextual background for BIM worldwide and in the public sector 

in Jordan. It identifies the lack of research on BIM implementation in Jordan, particularly in 

the public sector. This chapter also provides a holistic understanding and critical reflection 

on the nexus between BIM and sustainable buildings, through reviewing the BIM support 

for the lifecycle of sustainable buildings and sustainable building analysis and assessment.   

Chapter Four: The implication of construction procurement on BIM implementation and 

sustainability considerations 

This chapter reviews the existing literature on the construction procurement definitions, 

classifications and processes. It also explores the impact of procurement approaches on 

BIM implementation and sustainability considerations. Moreover, a review of the 

construction procurement regime in the public sector in Jordan is provided. Finally, this 

chapter discusses the justifications for carrying out this research.  
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Chapter Five: Research methodology 

This chapter presents the research methodology and research design to achieve the aim of 

this research. It reviews the relevant research philosophy, research approaches, strategies, 

methodologies and methods in construction and business research. Based on this review, 

this chapter illustrates the philosophical position of this research and justifies the selected 

approach, strategy, methodology and data collection techniques and analysis. Finally, the 

data validity and reliability and the ethical considerations of this research are discussed in 

this chapter.   

Chapter Six: BIM feasibility study   

This chapter, firstly, presents the general statistics regarding the questionnaire survey, 

including the questionnaire sampling, response rates and the different sections of the 

questionnaire. Then, it shows the findings and discussions on the main findings.  

Chapter Seven: BIM, procurement and sustainability issues in the Jordanian public sector projects 

This chapter discusses the main findings from conducting the interviews with BIM 

practitioners in the public sector in Jordan. It begins by stating the aim and objectives for 

conducting the interviews, followed by the sampling methods and analysis techniques for 

the interviews. Finally, it demonstrates the main findings and provides an analysis and 

discussion on these findings.  

Chapter Eight: Framework development, validation and discussion 

This chapter firstly discusses the framework design and development including the 

framework aim, framework development methodology, framework themes development 

and the framework structure. Following to this, it presents the main findings from the 

validation interviews.  Finally, it discusses the framework strengths and barriers.      

Chapter Nine: Conclusions, limitation and recommendations 

This chapter presents the research conclusions, limitations and recommendations. It 

includes a summary of the main findings, specific contributions to the body of knowledge, 

limitations and challenges to the research and recommendations for future work.  
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Chapter 1

¶ Research Background 
¶ Statement of Problem 
¶ Research Aim and Objectives 
¶ Research Motivation 
¶ Outline Research Methodology
¶ Research Process 
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¶ Sustainable Development 
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¶ Sustainable Development Strategies 
¶ Sustainable Buildings 
¶ Sustainable Public Buildings in 

Jordan 

¶ Overview of BIM 
¶ BIM Benefits and Barriers 
¶ BIM Status 
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¶ The Implication of Construction Procurement on BIM 

implementation 
¶ The Need for Innovative Procurement Approaches to Implement 
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¶ Research Time Horizon 
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¶ Research Ethical Considerations  

¶ Questionnaire Response Rate 
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¶ Interviews Main Findings
¶ Discussion of the Main Findings  

Chapter 8
¶ Framework Design and development 
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Improving BIM implementation and 
Enhancing Sustainability outcomes 

¶ Framework Validation 
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¶ Summary of the Main Findings 
¶ Achievement of the Research 

Findings 
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¶ Research Limitations 
¶ Recommendations for Future work  

Chapter 2 Chapter 3 Chapter 4

Chapter 6 Chapter 7

 

Figure 1.2: Thesis structure
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CHAPTER 2: SUSTAINABLE DEVELOPMENT AND THE BUILT 

ENVIRONMENT  

2.1 INTRODUCTION  

Current concerns about energy consumption, increased oil prices, natural resources and 

climate change have increased the importance of making new developments sustainable 

(Sheth, 2011). Moreover, issues pertaining to carbon emissions and global warming make 

sustainability a priority area for research (ibid). In this chapter, sustainable development 

and sustainable construction will be investigated on a global level and in Jordan. This 

chapter is divided into four main sections, as follows: 

ǒ A background in sustainable development, which includes the definition of 

sustainability and sustainable development and the main three aspects of 

sustainable development. 

ǒ Strategies for sustainable development on a global level, which include the status 

of sustainable development strategies in different countries, the issues of such 

strategies and the principles of sustainable development. 

ǒ An overview of sustainable construction, including the importance of sustainable 

buildings on a global level, principles of sustainable building construction, 

sustainable building design, sustainable building assessment methods and 

achieving sustainable buildings through building management approaches.    

ǒ Sustainable building construction in Jordan, beginning with a review of the 

Jordanian construction industry (JCI) and the importance of the public construction 

sector; then, sustainable development and sustainable construction strategies are 

explored.    

2.2 SUSTAINABLE DEVELOPMENT BACKGROUND  

In the Cambridge online ŘƛŎǘƛƻƴŀǊȅΣ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ Ƙŀǎ ōŜŜƴ ŘŜŦƛƴŜŘ ŀǎ άǘƘŜ ability to 

continue at a particular level for a period of timeέ (Cambridge University Press, 2018). In 

the ƻƴƭƛƴŜ ΨDictionaryΩΣ ƛǘ ǿŀǎ ŘŜŦƛƴŜŘ ŀǎ άǘƘŜ ŀōƛƭƛǘȅ ǘƻ ōŜ ǎǳǎǘŀƛƴŜŘΣ ǎǳǇǇƻǊǘŜŘΣ ǳǇƘŜƭŘΣ ƻǊ 

ŎƻƴŦƛǊƳŜŘέ (Dictionary online, 2018)Φ {ǳǎǘŀƛƴŀōƛƭƛǘȅ Ŏŀƴ ŀƭǎƻ ōŜ ŘŜŦƛƴŜŘ ŀǎ άŀ ǇŀǊŀŘƛƎƳ ŦƻǊ 

thinking about the future in which economic, environmental, and social dimensions are 

ƛƴǘŜǊǘǿƛƴŜŘ ŀƴŘ ōŀƭŀƴŎŜŘ ƛƴ ǘƘŜ ǇǳǊǎǳƛǘ ƻŦ ŀƴ ƛƳǇǊƻǾŜŘ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜέ (UNESCO, 2012). 

http://dictionary.cambridge.org/dictionary/english/ability
http://dictionary.cambridge.org/dictionary/english/level
http://dictionary.cambridge.org/dictionary/english/period
http://dictionary.cambridge.org/dictionary/english/time
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The most common sustainability model comprises three connected rings: social, economic 

and environmental (see Figure 2.1) (HopwoodΣ aŜƭƭƻǊ ϧ hΩ.ǊƛŜƴ, 2005; Giddings, 

Hopwood & hΩ.ǊƛŜƴΣ 2002). 

Environmental Factors:
Ecosystem
Carrying Capacity 
Biodiversity

Economic Factors:
Growth
Development
Productivity
Trickle-down 

Social Factors:
Dependent
Cultural Identity
Empowerment
Accessibility 
Stability
Equity 
Health Well-being 

Environment 

Economic Social

BearableEquitable

Sustainable 

Viable

 

Figure 2.1: Common sustainability model (ICAEN, 2004) 

Sustainable development is an ambiguous concept, with a contested and complicated 

meaning (Carter, 2007). Different groups such as from the area of business, academia and 

planning have defined, used and interpreted the concept of sustainable development in 

different ways to achieve their own goals (Redclift, 2005). The definition in Ψthe Brundtland 

ReportΩ ƛǎ ǘƘŜ Ƴƻǎǘ ŦǊŜǉǳŜƴǘƭȅ ǉǳƻǘŜŘΥ άdevelopment that meets the needs of the present 

without compromising the ability of future generations to meet their own needsέ ό²/95Σ 

1987). 

Three sustainable development aspects: environmental, economic and social have been 

recognised since the establishment of ΨOur Common FutureΩ report in 1987 by the World 

Commission on Environment and Development. These aspects are (Holmberg, 1992): 

1. Environmental systems: the ability to deplete non-renewable resources, avoid 

overexploitation of renewable resource systems and maintain a stable resource base.  
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2. Economic system: the ability to avoid the extreme imbalances of sectors in which 

industrial production and agriculture could be damaged, the ability to maintain 

external debt and to produce services and goods on a continuing basis.  

3. Social system: it must achieve political accountability, gender equity and adequate 

provision of social services, including education, health and distributional equity. 

Sustainable development aims to bring together and balance the three sustainability 

dimensions, reconciling any potential conflict (Giddings et al., 2002; Halsnaes, 2002). 

However, different groups implementing sustainable development through distinct lenses 

might prioritise one of the dimensions at the expense of the others (Carter, 2007). This led 

to the emergence ƻŦ ΨǎǘǊƻƴƎΩ ŀƴŘ ΨǿŜŀƪΩ sustainability (Baker, 2006). 

The argument for ΨwŜŀƪ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ƛǎ ǘƘŀǘ ǘƘŜ ƛƳōŀƭŀƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ǘƘǊŜŜ 

dimensions can occur, such as the focus could be on the economic dimension through 

investing in man-made capital which can replace environmental damage and natural 

resource depletion (Lomborg, 2001; Neumayer, 1999). On the other side, the proponents 

ƻŦ ΨsǘǊƻƴƎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ƘŀǾŜ ƘŜŀǾƛƭȅ ŎǊƛǘicised those views (Carter, 2007; Daly, 1993) in 

that man-made capital cannot reimburse natural resource losses. Even more pertinent, 

the green parties have added that natural systems, biodiversity and non-human species 

have values and rights in themselves (Carter, 2007; Redclift, 2005).  

Whatever view is followed, sustainability is a contested area, and no single definition can 

capture all the varying aspects to this concept (Hill and Bowen, 1997). However, the core 

concept of sustainability development is to support the possibility of achieving economic 

growth without any trade-offs (Carter, 2007).  

2.3 SUSTAINABLE DEVELOPMENT STRATEGIES  

In the late 1960s and early 1970s, the governments in developed countries started to link 

the environment with decision-making processes through more comprehensive 

approaches (Hanf and Jansen, 1998; Janicke and Weidner, 1997). The World Commission 

on Environment and Development (WCED) published Ψthe Brundtland ReportΩ or ΨOur 

Common FutureΩ (WCED, 1987). The concept of sustainable development was brought 

onto the international agenda by this report.   
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In 1992, the Rio Earth Summit was held to discuss how sustainable development can be 

achieved (Halliday, 2008). One of the outputs was Agenda 21, which is an action plan for 

achieving the sustainable development principles in the twenty-first century, and it was 

suggested thaǘ άa national stratŜƎȅ ŦƻǊ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘέ should be prepared by 

all countries (UNCSD 1992, p. 67). The same suggestion was made in 1997, at the UN 

General Assembly Special Session (UNGASS), and in 2002, at the World Summit on 

Sustainable Development (WSSD). 

A national sustainable development strategy (NSDS) Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ŀǎ άŀ ŎƻƻǊŘƛƴŀǘŜŘΣ 

participatory and iterative process of thoughts and actions to achieve economic, 

environmental and social objectives in a balanced and integrative mannŜǊέ (UNDESA, 

2002, p. 1). Five principles have been derived to determine what the NSDS is in further 

detail (UNDESA, 2002):  

ǒ Environment, social and economic policy integration across generation, sectors 

territories. 

ǒ Development of the necessary capacity and enabling environment.  

ǒ Focus on implementation and outcomes.  

ǒ Country commitment and ownership. 

ǒ Broad participation and effective partnerships. 

Meadowcroft (2007) has presented a division of the world according to the general 

sustainable development strategies into three groups: European countries, industrialised 

countries and the rest of the world. In Europe, national sustainability strategies are well 

developed due to the significant number of strategies that have been adopted. Many 

factors contributed to this, such as the supra-national initiative effects, developed cross-

national network exchange and well-developed environmental policies. However, despite 

the implementation of these sustainable development strategies, evidence shows that 

they typically remain minimal compared to a given government's core activities (Steurer 

and Martinuzzi, 2005; Swanson, Pinter, Bregha, Volkery & Jacob, 2004; Meadowcroft, 

2000).  

The first published NSDS in Europe and worldwide was by the UK government in 1994 

(UKSDS, 2005). Following its national strategy in 1999, a document called ΨA better quality 

of life: A strategy for sustainable development in the UKΩ was published by the 

government (DETR, 1999). In this strategy, a vision to deliver social, economic and 
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environmental outcomes simultaneously was set. Moreover, the UK Government has set 

ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ƭŜƎŀƭƭȅ ōƛƴŘƛƴƎ ƴŀǘƛƻƴŀƭ ǘŀǊƎŜǘ ǘƻ ǊŜŘǳŎŜ ƎǊŜŜƴƘƻǳǎŜ ŜƳƛǎǎƛƻƴǎΦ 

Furthermore, in the Climate Change Act 2008, the UK government committed to reducing 

carbon emissions. In this act and under SŜŎǘƛƻƴ мόмύΣ άthe Secretary of State for Energy and 

/ƭƛƳŀǘŜ /ƘŀƴƎŜέ is responsible for the UK carbon account reduction by 34% by 2020 and 

80% by 2050 against 1990 CO2 emission levels. (UK Parliament, 2008).  

Outside Europe, as seen in Table 2.1, the picture is mixed among different developed 

countries:  

Table 2.1: NSDS in developed countries outside Europe (Meadowcroft, 2007) 

Country  NSDS  

Australia An ecological, sustainable development national strategy was 

adopted in 1992; however, today this is essentially moribund. 

New Zealand The first strategy was completed in 2007.  

Canada No overall NSDS; however, at the federal level, it has a well-

institutionalised system of departmental sustainable 

development strategies, and several provinces have produced 

plans.  

The United 

States 

Many guidelines and recommendations have been developed and 

published. However, there is still a lack sustainable development 

meaningful strategy. 

Outside Europe and most of the developing countries, specifically poor and small countries 

have a lack of engagement with the sustainable development process. International 

organisations put pressure on these countries to produce a range of different documents 

and strategies (Meadowcroft, 2007). Finally, individuals, communities, organisations and 

countries, especially developing countries, must invest in developing and implementing 

innovative, alternative and more sustainable strategies.  

2.4 SUSTAINABLE BUILDINGS  

ΨSustainable Built EnvironmentΩ otherwise known as ΨSustainable ConstructionΩ is a division 

of sustainable development. It maintains ecological diversity while effectively integrating 

low-energy design materials (Edwards, 1998). Sustainable construction was defined by 
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Charles Kibert in the first International Conference on Sustainable Construction in Tampa 

1994, ŀǎ άǘƘŜ ŎǊŜŀǘƛƻƴ ŀƴŘ operation of a healthy built environment based on resource-

efficiency and ecological principlesέ όYƛōŜǊǘΣ нллу, p. 2). Sustainable construction was also 

defined by the International Council for Research and Innovation in Building and 

Construction (CIB) (нллпύ ŀǎ άthe sustainable production, use, maintenance, demolition, 

and reuse of buildings and constructions or their componentsέΦ  

Despite the variances between different definitions, sustainable construction integrates at 

least three aspects that are widely accepted (Sourani, 2013): 

1. The social dimension, which focuses on equality and diversity in the workplace, 

stakeholder involvement, employment opportunities and health and safety.    

2. The economic dimension, which focuses on financial affordability for the intended 

beneficiaries, local economy support and whole life costing. 

3. The environmental dimension, focusing on reducing pollution, the use of renewable 

resources and water and energy consumption reduction. 

For sustainable buildings, the links between the building sector and sustainability development can 

be summarised in two points. For point one, buildings consume natural resources such as energy, 

materials, land and water. Secondly, buildings support comfort, health and economic development 

(Bourdeau, Halliday, Huovila & Richter, 1997). Sinha (2013) also confirmed the need to achieve the 

following objectives to deliver sustainable buildings; minimising consumption of matter and energy; 

reusability and recyclability of the material; minimum environmental impacts and embodied energy; 

and human satisfaction. However, the building sector has been described as an energy intensive and 

profligate industry. Globally, according to 2010 data, 45% of the worldΩǎ energy and 50% of the 

water are used in building construction. Table 2.2 represents the different resources used in building 

construction. 

The operation phase for buildings also has a crucial role in sustainability as buildings present a 

unique case due to their long lifespan when compared to other industries. The lifespan of a building 

ranges between 80 and 100 years, which will have a long-term impact on the environment, the 

society and the economy (Sev, 2009). Therefore, it is crucial to consider sustainability principles 

ǘƘǊƻǳƎƘƻǳǘ ŀ ōǳƛƭŘƛƴƎΩǎ ƭƛŦŜŎȅŎƭŜ ŦǊƻƳ ǇƭŀƴƴƛƴƎ ǘƻ ŘŜƳƻƭƛǘƛƻƴ ǘƻ ŀŎƘƛŜǾŜ ƘƛƎƘ-performance, 

sustainable buildings (Son, Kim, Chong & Chou, 2011; Pearce, 2006). Moreover, the ōǳƛƭŘƛƴƎǎΩ 

operational energy consumption has the single largest impact on the environment (Operational 
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Energy Use, n.d). Table 2.3 represents the estimated global pollution that can be attributed to the 

building operations.  

The design phase of a building delivery plays a significant role in reducing the impact of the 

construction and operations on the environment as the most effective decisions are those made in 

this phase (Shoubi, Bagchi & Barough, 2015). On the other hand, the decisions made after this stage 

lead to the expensive and inefficient process of retroactively changing the building design to achieve 

a set of performance criteria (Schueter and Thessling, 2008).  

Table 2.2:  Estimation of global resources used in buildings (Willmott Dixon, 2010) 

Resource  (%) 

Energy  45ς50 

Water 50 

Materials for buildings and roads (in bulk)  60 

The agricultural land loss to buildings  80 

Timber products for construction  60 (90% of hardwoods) 

Coral reef destruction  50 (indirect) 

Rainforest destruction  25 (indirect) 

 

Table 2.3: Estimation of global pollution that can be attributed to buildings (Willmott Dixon, 2010) 

Pollution (%) (%) 

Air quality (cities)  23 

Greenhouse gas production 50 

Climate change gases  50 

Drinking water pollution  40 

Landfill waste  50 

Ozone depletion  50 

As discussed above, buildings consume more energy than any other single sector; 

therefore, it is expected that the greatest cuts should be achieved from this sector (Roaf, 

Crichton & Nicol, 2009). For this reason, sustainable buildings are the focus of this 

research.  
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2.4.1 Principles of Sustainable Buildings  

Traditional construction approaches emphasise cost, time and quality performance goals 

(Latham, 1994). Moving to sustainable buildings expands the goals to creating a healthy 

and comfortable built environment while minimising resource consumption, 

environmental degradation, waste generation and air emissions (see Figure 2.2) (Huovila & 

Koskela, 1998).  

 

Figure 2.2: Challenges of sustainable construction globally (Huovila & Koskela, 1998) 

The basic principles, policies and strategies of the construction of sustainable buildings 

should encompass the three following aspects: social, economic and environmental. These 

strategies and principles are (Halliday, 2008; Sev, 2009): 

ǒ Increasing the usage of natural, recyclable and renewable resources, and utilising 

them effectively in the process of material sourcing and selection and construction; 

Buildings should be manageable, affordable and maintainable in use. 

ǒ Minimising the use of materials, water, energy and land during construction and 

operations.  

ǒ Improving the natural habitat through water use and appropriate planting, and 

enhancing biodiversity. 

ǒ Creating a comfortable and healthy environment at work and at home, and not 

putting the health of the occupants, builders or any other party at risk. 

ǒ Improving community support by identifying the requirements, real needs and 

aspirations of the people involved, and engaging them in the key decisions. 
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ǒ Delivering process management to achieve sustainable buildings to ensure building 

performance over time and to validate building-system functions through 

identifying benchmarks, tools and targets as well as managing their delivery.    

These principles have been broadly adopted by governments worldwide in their strategies 

(Hall and Purchase, 2006). For instance, in the UK, one of the key published documents by 

the government on sustainable construction is entitled ΨBuilding a better quality of life: A 

strategy for more sustainable constructionΩ (DETR, 2000). This document comprises the 

following principles, which were widely used by the UK government strategies and 

reports:  

ǒ Enhancing and protecting the natural environment.  

ǒ Reducing the impact of structures and buildings on natural resources and energy 

consumption.  

ǒ Delivering structures and buildings that provide well-being, greater satisfaction and 

add value to users and customers.  

ǒ Treating and respecting the stakeholders more fairly.  

ǒ Being more competitive and more profitable. 

CIB (1994) articulated seven main sustainable building construction principles for 

informing decision-making during different design phases and construction processes, 

through the whole project lifecycle (Kibert, 2005):  

ǒ Reduce resource consumption. 

ǒ Protect nature.  

ǒ Reuse resources.  

ǒ Focus on quality. 

ǒ Use recyclable resources. 

ǒ Eliminate toxins.  

ǒ Apply lifecycle costing (economics). 

2.4.2 Sustainable Building Design  

According to the National Aeronautics and Space Administration (NASA), the overarching 

concept of sustainability is to integrate appropriate sustainable design elements into the 

different life stages of a building or structure in order to reduce the environmental impact, 
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and to balance and improve the whole lifecycle cost, the ƻŎŎǳǇŀƴǘǎΩ ǎŀŦŜǘȅΣ ŎƻƳŦƻǊǘΣ 

productivity and health (NASA, 2001). NASA (2001) highlighted the following elements as 

essential for sustainable design: 

ǒ Water conservation.  

ǒ Energy efficiency.  

ǒ Site selection to reduce transportation and environmental impact.  

ǒ Sustainable materials.  

ǒ Efficient and durable equipment and materials.  

ǒ Healthy environment including indoor air quality.  

ǒ Features in support of and enhancing worker productivity. 

ǒ Design for personal security and safety.  

ǒ Design for decommissioning and disposal.  

ǒ Enhanced building maintenance and operating characteristics.  

ǒ Defining facility operational objectives, tests and validating building-system 

functions to have been properly installed and be performing to the level intended. 

There are other essential elements of sustainable design, as mentioned in the literature 

(Zanni, 2017)  (see Table 2.4).  

Table 2.4: Sustainable design elements (Zanni, 2017) 

Sustainable design elements  Source  

Functionality (Giedion, 1967) 

Adaptability (Glen, 1994), 

Flexibility  (Slaughter, 2001) 

Health and safety (Doroudiani and Omidian, 2010) 

Human building interaction (Du Plessis, 2001) 

Disassembling (Macozoma, 2002) 

Maintainability (Chew et al., 2004) 

Energy efficiency (Kneifel, 2010) 

Embodied energy and embodied carbon (Hammond and Jones, 2008) 

Recycling (Thompson, 1977), 

Equipment and appliances (Wood and Newborough, 2003) 

Technology use (Emmitt and Ruikar, 2013) 
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Environmental design (CIBSE, 2006) 

Performance, energy, waste and emissions  (Brandon, 1999) 

Reliability and usability (Markeset and Kumar, 2003) 

Durability and longevity (Kibert et al., 2000) 

Moreover, the design and construction phases have a significant impact on the operation 

phase. For instance, it was found that maintenance and operational costs have a ratio of 

5:1 to the initial (capital) cost (Evans, Haryott, Haste & Jones, 1998). In other words, a 

reduction of £1 in the construction cost will increase the operation and maintenance costs 

by £5. Therefore, adopting the above-mentioned strategies, elements and principles in the 

design phase, such as whole life costs, is most likely to lead to having a building with lower 

maintenance and operational costs, lower air pollution, healthier and productive 

occupants and less material use (Yazan, 2010).  

2.4.3 Sustainable Building Assessment Methods  

Sustainable buildings are those that are designed to meet the above issues and are 

environmentally benign, socially acceptable and economically viable (Yazan, 2010). To 

address building sustainability issues, many rating systems to assess sustainable 

construction are issued by countries and international organisations (Haapio and 

Viitaniemi, 2008; Azhar, Carlton, Olsen & Ahmad, 2011). The following are examples of 

these systems:  

ǒ The ¦YΩǎ .w99!a ό.ǳƛƭŘƛƴƎ wŜǎŜŀǊŎƘ 9ǎǘŀōƭƛǎƘƳŜƴǘΩǎ 9ƴǾƛǊƻƴƳŜƴǘŀƭ !ǎǎŜǎǎƳŜƴǘ 

Method). 

ǒ !ǳǎǘǊŀƭƛŀΩǎ Dw99b {¢!w.  

ǒ IƻƴƎ YƻƴƎΩǎ .9!a tƭǳǎ. 

ǒ The ¦{Ωǎ [995 ό[ŜŀŘŜǊǎƘƛǇ ƛƴ 9ƴŜǊƎȅ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ 5ŜǎƛƎƴύΦ 

These systems have been divided into two categories: assessment tools, which provide a 

quantitative performance indicator for design alternatives, and rating tools, which provide 

the level of performance of a building in stars (Ding, 2008). These tools cannot provide 

design alternatives for the design teams; however, they support the design teams to 

evaluate buildings in terms of their sustainability at the end of the design stage (Crawley 

and Aho, 1999).  
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Although these systems have proven benefits (Stumpf, Kim & Jenicek, 2009; Gerber, Lin, 

Pan & Solmaz, 2012; Parasonis, Keizikas & Kalibatiene, 2012), careful consideration of the 

informational requirements is necessary when implementing these systems. Moreover, 

these systems encourage designers to focus on obtaining the relevant certification with 

the lowest possible cost ōȅ ŦƻŎǳǎƛƴƎ ƻƴ άǇƻƛƴǘǎ-ŎƘŀǎƛƴƎέ ό/ƻƭŜΣ нллрύΦ Therefore, these 

systems lead to a lack of interest in the long-term assessment of the social and ecological 

aspects of buildings, such as lifecycle costing (LCC), which is claimed to be an essential 

element to achieve sustainability (Pandey and Shahbodaghlou, 2015). 

2.4.4 Sustainable Building through Project Management Approaches  

The preconstruction stage has been the focus of previous research in the field of delivering 

sustainable buildings, such as building design regulations (Hamza and Greenwood, 2009), 

sustainable building design (SBD) (Zanni, 2017; Bossink, 2007; Labuschagne and Brent, 

2005) and the tools for sustainable building assessments (Wang et al., 2010). However, 

recently, researchers started to investigate the delivery of sustainable buildings through 

project management approaches. Sustainability for a business enterprise was defined in 

1992 by the International Institute for Sustainable Development (IISD) as: 

Adopting business strategies and activities that meet the needs of the enterprise 

and its stakeholders today while protecting, sustaining and enhancing the human 

and natural resources that will be needed in the future. (IISD, 1992, p. 11) 

Arguably, sustainable development, in reality, is easier to implement at the strategic level 

of a business than the operational one (Labuschagne and Brent, 2005). Therefore, project 

management methodologies should be studied to attain sustainable development in a 

business environment. However, traditional business management systems were criticised 

for their focus on financial performance. Thus, social and environmental sustainability 

aspects are excluded (Bieker, Dyllick, Gminder & Hockerts, 2001). Wang, Wei and Sun 

(2014) classified the sustainable project management criteria based on the literature and 

key UK governmental sustainability measures into three main sustainability criteria that is 

social, economic and environmental, as shown in Figure 2.3.    
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Figure 2.3: Criteria for sustainable project management (Wang et al. 2014) 

In the construction context, and in the current management systems, such as the 

traditional procurement approach, there is segregation between the design, construction 

and operations phases, and a lack of continues management of the project. According to 

Molenaar et al. (2009), the majority of LEED accredited professionals (APs) believe that 

building projects delivered under alternative management systems, such as construction 

management at risk (CMR) and design-build (DB), will have a better chance of achieving 

sustainability goals when compared to traditional procurement approaches.  

Recently, fairly new project management innovation technologies were adopted to 

overcome the issues in delivering sustainable projects, such as lack of integration and 

communication. BIM and integrated project delivery (IPD) were among these 

technologies. BIM will be discussed further in Chapters Three and Four while IPD along 

with other construction project management systems will be investigated in Chapter Four. 

BIMΩǎ main characteristics are (Kim, 2014): 

ǒ Effective collaboration and communication among project stakeholders. 

ǒ Construction project information integration and management throughout the 

entire project lifecycle. 

American Institute of Architects (AIA) defined IPD as: 

A project delivery approach that integrates people, systems, business structure and 

practices into a process that collaboratively harnesses the talents and insights of all 

participants to optimise project results, increase value to the owner, reduce water 
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consumption, and maximise efficiency through all phases of design, fabrication and 

construction. (AIA, 2007) 

The focus of Sections 2.3 and 2.4 was on sustainable development and sustainable 

construction worldwide, specifically in developed countries. On the other hand, 

developing countries have a lack of engagement with the sustainable development 

process, especially in sustainable construction. Therefore, these countries must invest in 

developing and implementing alternative, innovative and more sustainable strategies. 

Jordan as a typical developing country is the focus of this research. The next section will 

explore the Jordanian Construction Industry (JCI) with a focus on sustainable construction.     

2.5 SUSTAINABLE PUBLIC BUILDINGS IN JORDAN   

2.5.1 Introduction  

In this section, the current state of the JCI is reviewed. This review is conducted to 

establish a better understanding of the state of the building projects performed in the JCI 

with a focus on sustainability. Following the introduction, an overview of the JCI examines: 

JCI development during the period from 1980 to нлммΣ WƻǊŘŀƴΩǎ ǇǳōƭƛŎ ŎƭƛŜƴǘs and public 

sector projects. The section on sustainable development discusses: Jordanian sustainable 

development strategies, sustainable construction, sustainable construction stakeholders 

and the challenges to and drivers of sustainable construction in Jordan.   

2.5.2 Review of the Jordanian Construction Industry (JCI)  

The former prime minister of Jordan, Abdullah Ensour, highlighted that the construction 

industry in Jordan is the largest sector in the country in term of invested projects; 

moreover, it is environmentally and economically significant to the country, and it forms 

an integral part of its security systems (Al Emam, 2015). The current JCI shape is a result of 

the interaction of many factors, including geographical, political, economic, historical, 

social, technological and institutional factors. JCI operates under difficult geographical, 

economic and social circumstances:    

ǒ Geography  

The country has twelve main cities: Amman, Zarqa, Irbid, Mafraq, Karak, Madaba, Balqa, 

Jarash, Ajloun, Maan, Aqaba and Tafileh (see Figure 2.4). According to the last national 
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census conducted in November 2015, the total population in Jordan was 9.523 million, 

with 6.6 million Jordanian nationals, and 2.9 million non-Jordanians living in the country, 

as shown in Figure 2.4 (Ghazal, 2016). This is due to the waves of recurring forced 

immigration from neighbouring countries over the past 69 years because Jordan is 

considered one of the most stable countries in the Middle East.  

The urban population in Jordan exceeds 80% of the total of which 15.7% live in slums (UN-

Habitat, 2008). Increasing urbanisation is making the building sector the fastest growing in 

the country. Moreover, 70% of the population lives within 30km of the capital, Amman 

(Kisbi, 2011), which has placed a huge burden on the public buildings, services, 

environment and infrastructure.  

ǒ Culture and society  

Arabic and Islamic elements are the basics of the culture in Jordan, with a western 

influence. Jordan has always been formed by a diversity at any given point because of its 

location.  

ǒ Economy  

There are 139 middle-and-low income economies, referred to as developing countries, 

according to World Bank (World Bank, 2016). The Hashemite Kingdom of Jordan, as a 

typical developing country, is a small, resource-starved, middle-income country. It lacks 

sources of water, oil and other natural resources, and it has a significantly growing 

population (MWI, 2016). Moreover, as Jordan is a non-oil based country, it imports nearly 

all its needs from neighbouring countries, which has added pressure to the national 

economy of the country.  

As shown in Figure 2.4, Jordan is largely landlocked with one port, Aqaba, and the rainfall 

is low and highly variable; much of the groundwater in Jordan is not renewable (Bani 

Ismail, 2012) which has led to a diminishing water supply in the country. This also affects 

the importing and exporting activities. In addition to this, 95% of JordanΩǎ land mass is 

desert, and the rest is at risk of desertification (Kisbi, 2011). These problems have led 

Jordan to rely on external aid, exporting potash and phosphates, its service sector, tourism 

and external funding for investment into the country. For external funding, it was found 
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that $50 billion were invested into developing construction projects in Jordan between 

2005 and 2011 (Haddadin, 2014).  

 

Figure 2.4: Jordan population (Ghazal, 2016) 

2.5.2.1 Development of the JCI  

Between 1980 and 1999, Jordan faced many issues, such as (Bani Ismail, 2012):  

ǒ Complicated government procedures.  

ǒ Bureaucratic culture. 

ǒ Slow economic growth due to the Gulf wars. 

ǒ Increased government taxes on raw materials. 

ǒ Unemployment. 

ǒ Monopolies of the government (including the Jordan refinery company in which 

steel and cement imports were limited).  

ǒ According to MPWH (2007), JCI has also suffered from many financial and 

managerial problems. 

In 1999, King Abdullah ascended the throne to make real changes and to enhance living 

standards; a comprehensive reform plan was adopted. This reform started with better 

education methodologies, enhancing the democratisation process and regular meetings 

with international and local investors and business leaders. This led to external support in: 

the signing of new trade agreements on an international level, in 1999; new joint free 

trade agreements (FTA) being signed in 2001, with the US; access being obtained to the 

World Trade Organization (WTO) in 2000; and signing an association agreement with the 
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EU in 2001. These efforts by both the royal family and the government have had a 

dramatic and positive effect on the construction industry by improving the integration of 

the Jordanian economy with the international economy, enhancing the living standards of 

the local citizens, and expanding the supplƛŜǊǎΩ ƳŀǊƪŜǘǎ ŦƻǊ ŎƻƴǎǘǊǳŎǘƛƻƴΣ health and other 

sectors. For instance, in Jordan, the real GDP growth between 1990 and 2014 was 4.9%, 

associated with a per capita GDP growth of 2.2%, in which the construction sector in 

Jordan became one of the leading contributing sectors to the real GDP growth at 12.2% 

(Toukan, 2018). However, in terms of the employment of Jordanians, around 6% of the 

total workforce in 2011 was employed in the construction sector, with a decrease from its 

7.1% value in 2004; this is mainly because of the increased number of foreign workers in 

the construction sector (RSSJ and FES, 2013). 

2.5.2.2 The Jordanian Public Client 

The party that has the funds and the powers to authorise constructing a project is either 

the client or the owner. Consultants undertaking the design and contractors performing 

the construction are key stakeholders who provide expert advice and executive tools that 

the client uses to exercise his rights most effectively.  

The government as a client plays a significant part in the construction industry; its level of 

involvement varies in different countries, and it could play a direct or indirect role. In most 

of the Middle Eastern projects, the major construction client is the government (Gerges et 

ŀƭΦΣ нлмтύΦ ¢ƘŜ ƎƻǾŜǊƴƳŜƴǘ ƛƴ WƻǊŘŀƴ Ƙŀǎ ŀƭǿŀȅǎ ōŜŜƴ άǘƘŜ ƳŀƧƻǊ ŎƭƛŜƴǘ ŦƻǊ the most 

important construction works that represent the major part of the expenditure in the 

ŎƻƴǎǘǊǳŎǘƛƻƴ ǿƻǊƪέ ό!ǿƴƛΣ мфуоύ, and is one of the JCI key movers (Haddadin, 2014). Also, 

Jordan is primarily a service economy with a significant dependence on the public sector. It 

is, therefore, the intention to focus this research on the public sector context.    

MPWH and its 18 departments are the most important public construction bodies that are 

responsible for the procurement and implementation of the central governmental 

construction projects in Jordan (Al Assaf, 2017). Another important department which is 

responsible for all the central government tenders is called the Government Tenders 

Department (GTD), established for and connected to the MPWH, according to 

ΨGovernment Works By-Law No. (71) of 1987Ω. Therefore, this research considers the 

MPWH and GTD as being representative of the public clients in Jordan.       



29 
 

2.5.2.3 Public Sector Projects  

Buildings and civil engineering projects represent the Jordanian public projects. Public 

building projects are frequent (see Table 2.5) and consist of residential and non-residential 

projects. Residential buildings represent public housing and single unit dwellings. This type 

is the simplest of construction projects and familiar to both contractors and clients (PPA, 

2010). On the other hand, non-residential projects cover a great variety of projects, such 

as hospitals, schools, universities and governmental buildings. According to Grifa (2006), 

this type of project requires skilled staff, qualified designers, workers and operatives. This 

type of building is less familiar to contractors and clients compared to the residential ones. 

Table 2.5 represents the Jordanian public projects by construction type.  

Table 2.5: Public construction projects by construction type (Al Assaf, 2017) 

Type of Construction  Project Sponsor (PS)  Client  Frequency  Budget+  

Buildings  MoE ς Schools  

MoH ς Hospitals  

MPWH ς Housing and 

Governmental Buildings  

MPWH  High  Small to High  

Water, Wastewater 

Infrastructure, Irrigation 

and Dams  

MoWI Ordering 

Body  

Medium  High  

Roads and Transportation  MPWH or MoT  MPWH  Medium  High  

Electromechanical and 

Communication  

JREEEF  

MoICT  

Ordering 

Body  

Low  Small to 

Medium  

Mining  Governmental 

Companies  

Ordering 

Body  

Low  High  

In Jordan, many large governmental residential and non-residential projects were 

established in the last five years. According to Halaseh (the Minister of Public Work and 

Housing), 188 million Jordanian dinars (JD) worth of construction projects were executed 

recently, with JD1.5 billion worth of construction projects on-going. These include the new 

Amman CustomsΩ ōǳƛƭŘƛƴƎǎ estimated at a value of JD96 million, the justice department 
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buildings valued at JD16 million and a housing project containing 400 housing units in the 

first phase worth JD16 million (Jordan Times, 2017a). In addition to these, there are 

projects that include education and health centres. These projects increase the 

importance of enhancing the performance of the public buildings in Jordan.       

2.5.2.4 Public Buildings Issues in the JCI 

The basic and most used metrics are time, cost and quality when delivering building 

projects. In Jordan, public buildings are facing costs that are overrunning their budget. 

Sweis (2013) analysed different public building types in Jordan, and he found that 65% of 

the buildings were not completed within their budget. Cost overruns can be defined as not 

achieving the project objectives within the estimated budget (Dlakwa and Culpin, 1990). 

Al-Hazim (2017) added that there is a substantial gap between the final and the estimated 

cost of public buildings, which can range between 101% and 600%, with an average of 

214%. He added that public buildings in Jordan also reported a time delay, with a range 

between 125% to 455%, and an average of 226%. Twenty main factors were found to 

cause such delays such as terrain condition, design mistakes, variation orders and planned 

cost for project construction.   

Adding to the aforementioned issues of the time delay and the cost overruns, public 

buildings in Jordan suffer from sustainability performance issues in terms of the 

environmental, economic and social issues. According to Tewfik and Ali (2014), most of the 

public and commercial buildings in the highest populated cities in Jordan (Amman, Zarqa 

and Irbid) have currently installed various types of systems, including ventilation, heating 

and air-conditioning, which have the poorest energy performance compared to the 

available options. This is because the focus is on reducing the capital cost by applying 

cheaper systems over the more environmentally efficient ones that focus on the whole life 

costs of such systems (Tewfik and Ali, 2014). The following sections will analyse 

sustainability development and sustainable construction in the context of Jordan. 

2.5.3 Sustainability Development in Jordan  

As mentioned earlier in this chapter, the government around the world and specifically in 

developed countries began in the late 1960s and early 1970s to consider and adopt 

approaches that link decision-making with the environment (Hanf and Jansen, 1998; 

Janicke and Weidner, 1997). The issue of protecting the environment should be of great 
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interest to developing countries (Ofori, 2008) since these countries face severe 

environment-related problems (UNCHS, 1996), as seen in their uncertain economic 

environments, environmental degradation, rapid rates of urbanisation, weak governance, 

social inequity, institutional incapacity, deep poverty and low skill levels (Alsubeh, 2013). 

Therefore, Jordan as a typical developing county, should start paying more attention to 

the sustainability issues it is facing, especially due to the instability of the security in the 

region.  

2.5.3.1 Sustainable Development Strategies 

In the early 1970s, Jordan began to show an interest in the environment and issues related 

to the environment, such as atmosphere, air quality and environmental health. This was 

achieved by establishing institutions and initiating activities related to protecting the 

environment (MMRAE, 1991, 1999). This was followed in 1980 by the establishment of a 

department for the environment; this department was affiliated to the Ministry of 

Municipal and Rural Affairs and Environment (MMRAE). One year later, five one-year 

(between 1981 and 1985) successive development plans were formulated (MP, 1993). 

Several problems were identified in these plans that related to soil erosion, contamination 

and land use, including untreated wastewater and water pollution, which were affecting 

the quality of the groundwater basins (MMRAE, 1991). More development plans were 

produced between 1986 and 1990, 1993 and 1997 and 1998 and 2000 where the 

environment was one of the main foci (MP, 1993, 1998). In this emerging sector, a 

description of the issues, goals, characteristics and organisational measures as they relate 

to the environment in Jordan were established (AL-ZOABI, 2001). Due to the increased 

interest in the environment through different plans and strategies, in 2003, the Ministry of 

Environment was established due to the Ψ2003: Environmentaƭ ǇǊƻǘŜŎǘƛƻƴ ƭŀǿ bh мΩ 

(Ciriaci, 2000; Petra, 2000). The ministryΩǎ Ǿƛǎƛƻƴ ƛǎ ǘƻ ǇǊƻǘŜŎǘ ŀƴŘ ǎǳǎǘŀƛƴ WƻǊŘŀƴΩǎ 

environmental resources and contribute to a better quality of life.    

The first national environment strategy in Jordan was adopted in 1992; long-range plans of 

action were taken into consideration (MMRAE, 1995). Most parts of these plans aim to 

protect the environment, address legal and management issues and, most importantly, to 

revise the existing laws for more ecologically oriented ones.  

The first ΨAct of the EnvironmentΩ in 1995 comprised 36 articles, which provided the 

needed legislation to protect the environment (MMRAE, 1995). This act calls for the 
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establishment of a ΨGeneral Corporation for Environmental ProtectionΩ (GCEP), an 

ΨEnvironment Protection CouncilΩ and an ΨEnvironment Protection FundΩ. It also calls for 

the issuing of standards, codes and regulations in the fields of natural reserves, fauna, 

noise, waste, hazards, soil, air and water (MMRAE, 1999; Al-zoabi, 2001). 

Following the first act and since the development of the first Ψbational Environment 

StrategyΩ in 1992, many sustainability strategies were established, as can be seen below:  

ǒ National Environmental Action Plan (NEAP), 1996.  

ǒ National Strategy for Sustainability Development Agenda 21, 2001. 

ǒ National Strategy for Environmental Education and Communication, 2001. 

ǒ National Strategy for Environmental Information, 2001.  

ǒ National Strategy for Biodiversity, 2001.  

ǒ National Strategy to Combat Desertification, 2005.  

ǒ National Action Plan for Persistent Organic Pollutants, 2005.  

ǒ Review of Environmental and Sectorial Strategies, 2005.  

ǒ Environmental Strategy Implementation Plan, 2007-2010.  

ǒ Environmental Strategy Implementation Plan, 2011-2013.  

In addition, the first national ΨMillennium Development GoalsΩ report (MDGs) was released 

by the government in 2004 (Al-Kilani, 2015). This report had a significant impact on policy-

making in which the indicators, goals and targets were aligned and adapted to the national 

plans and strategies. This report was followed by publishing two documents in 2006, 

ƴŀƳŜƭȅ Ψ²Ŝ AǊŜ ŀƭƭ WƻǊŘŀƴΩ ŀƴŘ Ψbŀǘƛƻƴŀƭ !ƎŜƴŘŀΩ, which articulated the vision of the 

country. This vision was subsequently operationalised into a three-year ΨNational 

Executive ProgrammeΩ (NEP), specifying projects, policies and programmes for 

government institutions (Awad, 2016). 

The second MDGs report, ΨKeeping the Promise and Achieving AspirationsΩ, was released 

in 2010. This report shows the progress and challenges of achieving the MDGs in the 

country. By reviewing the indicators for a MDG, it can be said that there have been 

accomplishments for all the goals, as in building partnerships for development, ensuring 

environmental sustainability, eradicating hunger and poverty, improving child and 

maternal health, promoting gender equality and achieving a basic education. However, 

there were many factors that hindered the full achievement of the MDGs by 2015, as a 

consequence of the global economic crisis (Al-Kilani, 2015). 
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!ƴƻǘƘŜǊ ƴŀǘƛƻƴŀƭ ǎǘǊŀǘŜƎȅ ŎŀƭƭŜŘ ΨWƻǊŘŀƴ нлнрΩ ǿŀǎ ǊŜƭŜŀǎŜŘ ƛƴ нлмр ŀǎ ŀ result of the 

previous strategies, policies and recommendations. Several sustainable development goals 

(SDGs) are embedded in this strategy as: 

ǒ The development of the sustainable communities and cities. 

ǒ The improvement of the educational system. 

ǒ The eradication of poverty.  

ǒ The guarantee of decent work and economic growth. 

ǒ The provision of clean water and sanitation. 

However, there is still a need for further efforts to make this strategy effective and enable 

WƻǊŘŀƴΩǎ ŘŜǾŜƭƻǇƳŜƴǘ ǘƻ ōŜ ƛƴŎƭǳǎƛǾŜ ŀnd sustainable (Awad, 2016). 

Globally, the implementation of consultations in Jordan had a significant impact on the 

first preliminary report of the ΨUnited Nations Development GroupΩ (UNDG), which was 

issued in 2013 and called ΨThe Global Conversation Begins: Emerging Views for a New 

Development AgendaΩ. Post 2015, Jordan was one of the eighty-eight countries worldwide 

ǘƘŀǘ ŎŀǊǊƛŜŘ ƻǳǘ ƴŀǘƛƻƴŀƭ ŎƻƴǎǳƭǘŀǘƛƻƴǎΦ hƴŜ ƻŦ ǘƘŜ Ƴŀƛƴ ƳŜǎǎŀƎŜǎ ΨŀǊŜŀǎ ŦƻǊ ŎƘŀƴƎŜΩ ƻǳǘ 

of this national dialogue is to enhance awareness of the environment, address water 

scarcity and promote renewable energy (Al-Kilani, 2015). The guiding principles were set in 

the latest vision for Jordan (Jordan 2025) to deliver a better quality of life and achieve 

sustainable development, such as by: (i) enhancing the business environment; (ii) 

improving policies that promote sectorial development and innovation; (iii) enhancing 

competitiveness; (iv) supporting small-and-medium enterprises through preventing 

monopolies and encouraging competition; (v) improving the governmental service quality 

provided to citizens in various fields in a manner that builds on public sector reform 

programmes; and (vi) training programmes that meet market requirements. 

Lƴ нлмрΣ WƻǊŘŀƴ ŀƭǎƻ ŀŘƻǇǘŜŘ ΨTransforming our World: the 2030 Agenda for Sustainable 

5ŜǾŜƭƻǇƳŜƴǘΩΣ which was driven by the United Nations (UN). This agenda acts as an action 

plan for the planet, people and prosperity, which aims to support universal peace and 

freedom (United Nations, 2015). The Ministry of Planning and International Cooperation 

(MoPIC) is responsible for mobilising the implementation of the 2030 Agenda for 

Sustainable Development Goals (SDGs) and for evaluating and monitoring its progress. 

Producing the ΨVoluntary National ReviewΩ (VNR) report is also one of its tasks. The VNR is 

a voluntary report that countries can choose to produce at their convenience. In 2015, 22 
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countries produced their VNR reports, and Jordan was one of over 40 countries that did so 

ƛƴ нлмтΦ ¢ƘŜ ǊŜǇƻǊǘ ŘŜǘŀƛƭǎ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǿŀȅ ŦƻǊǿŀǊŘ ǘƻǿŀǊŘǎ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ 

(Nassar, 2017). However, one of the main challenges, as expressed by the Minister of 

Planning and International Cooperation, Imad Fakhoury, is that: 

Jordan is unable to achieve comprehensive and sustainable economic, social and 

environmental development on its own due to the enormous pressure it is facing 

ƻƴ ƛǘǎΩ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŘǳŜ ǘƻ ŎƻƴŦƭƛŎǘǎ ƛƴ ǘƘŜ ǊŜƎƛƻƴ ŀƴŘ ǘƘŜ ƛƴŦƭǳȄ ƻŦ ƭŀǊƎŜ ƴǳƳōŜǊǎ 

of refugees, which poses a real challenge to achieving the sustainable development 

goals by 2030. (Jordan Times, 2017b) 

Therefore, national efforts in Jordan need to continue to improve energy efficiency in the 

infrastructure, specifically public, industrial and commercial buildings by promoting green 

buildings and energy-oriented building codes of practice (United Nation, 2017). The next 

section discusses further sustainable buildings in Jordan.   

2.5.3.2 Sustainable Buildings  

Buildings are of the utmost importance to the sustainability development in Jordan due to 

its significant impacts on the consumption of natural resources in a country that it imports 

96.5% of its energy needs from neighbouring countries (MEMR, 2012), and considered as 

ƻƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ Ƴƻǎǘ ǿater stressed countries (Kisbi, 2011). Therefore, delivering 

sustainable buildings becomes a key target (RSSJ and FES, 2013).    

In Jordan, the focus when delivering buildings is on incorporating insulating material, 

shadowing effects, wind direction and natural lighting (RSSJ and FES, 2013). However, a 

shift in building patterns including technology, zoning and land use was due to the 

population growth and rapid urbanisation. Moreover, in recognition of the side effects of 

the economic growth in Jordan, a shift towards sustainable building concepts, design, 

construction and operations has taken place (ibid). This shift is critical in minimising the 

negative impact on the natural environment. Furthermore, a buildingΩs energy 

performance improvement is among the most cost effective ways of combating climate 

change (Enkvist, Naucler & Rosander, 2007).  

Despite the continuous national efforts to improve the public buildingsΩ energy efficiency 

(United Nations, 2017), as in issuing the solar energy code, the energy efficient buildingsΩ 
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code and the Jordan Green Building Manual, a high percentage of the building sector in 

Jordan, especially the public projects, suffers from sustainability performance issues (FFEM 

and ANME, 2010). This is because the building codes are not fully enforced, and there are 

no rigid governmental actions that have yet been taken towards delivering sustainable 

buildings, such as policies, strategies and plans. Therefore, the sustainable building sector 

in Jordan remains at an embryonic stage (Tewfik, 2014). According to Alsubeh (2013), 

finding a holistic approach to deliver sustainable buildings in Jordan that contribute to the 

economic, human and physical development and meet sustainable development 

requirements is the biggest challenge.  

2.5.3.3 Sustainable Building PÒÏÊÅÃÔÓȭ Stakeholders  

Sustainability is a diffuse subject. Various sectors, disciplines, organisations and ministries 

are involved directly or indirectly in environment-related issues. In Jordan, the major 

player in green building development is MPWH and specifically the National Building 

Development Department. This department was formed by the ΨTemporary Law No. (31) 

of 1989Ω within the ΨNational Building LawΩ. This law was mandated in 1993 by ΨLaw No. 

(7)Ω. Then, the national building codes were developed by the National Building Council 

and regulated throughout all the buildingsΩ phases (RSSJ and FES, 2013). Other major 

stakeholders in the process of green building development in Jordan are shown below in 

Figure 2.5.    

 

Figure 2.5: Green building development major stakeholders (RSSJ and FES, 2013) 
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Each of these stakeholders has a major role in green building development in Jordan. 

Table 2.6 shows these roles. In the process of green building development, the 

government established new research centres, as in the Royal Scientific Society to explore 

renewable and activist energy sources. Moreover, according to Alsubeh (2013), the 

government organisations supported energy effectiveness for achieving an efficient 

building architecture. However, despite the involvement of many major stakeholders in 

the process of green building development, there still lacks an enforcement body (see 

Table 2.6), which outlines a gap in the process (RSSJ and FES, 2013). This has led to an 

absence of rigid governmental actions towards delivering sustainable buildings, such as 

through policies, strategies and plans. Therefore, in order to deliver sustainable public 

buildings in Jordan, the public client needs to step up and start enforcing and requesting 

sustainable buildings. Moreover, the public client should start considering the adoption of 

sustainable construction strategies and plan to deliver sustainable buildings. Innovative 

technologies and sustainable management systems should be a key part of these 

strategies and plan.  

Table 2.6: Stakeholders and their respective roles (RSSJ and FES, 2013) 

Stakeholders                  

Roles  

Ministry of Public Works 

and Housing and 

National Building Council 

Jordan Engineering 

Association (JEA) 

Jordanian 

Construction 

Contractors 

Association (JCCA) 

Regulatory Body Develop building codes   

Administrative 

and Procedural 

Body 

Construction building 

permits 

Certify engineering 

plans 

 

Outreach, 

Awareness and 

Capacity Building 

 Access and outreach 

to engineering 

offices and training 

Organise the work 

for the contractors 

and buildings 

Technical Body Hosting the technical 

committee that oversees 

the green building 

guidelines 

Participate in the 

Green Building 

Guidelines 
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2.7 CHAPTER SUMMARY   

This has chapter identified the concepts, principles, strategies and plans for sustainable 

development and sustainable construction worldwide. The reviewed literature reveals 

that most of the previous research concentrated on the preconstruction phases to achieve 

sustainable buildings. These research focuses on building design regulations, innovative 

and sustainable building design and building sustainable assessment tools. However, 

delivering sustainable construction through a system of project management has recently 

started to receive attention from researchers. 

Jordan is the focus of this research due to its pivotal political role in the Middle East. The 

construction industry in Jordan is the largest sector in the country as it is not only 

environmentally aware, but it is also economically significant to the country and an 

integral part of its security systems. Therefore, this chapter has explored the sustainable 

construction issues in Jordan beginning ǿƛǘƘ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ƎŜƻƎǊŀǇƘƛŎŀƭ ƭƻcation, traditions 

and economy. Then, the Jordanian construction industry development from 1980 until 

2011 was discussed. The public sector was identified as the major client in Jordan; 

therefore, the research will focus on the Jordanian public construction sector.  

Furthermore, this chapter has identified that there is a performance deficiency in the 

public buildings in Jordan, such as in the cost overruns, delays and lack of sustainability 

regarding the environment, economy and issues related to society. The reasons for this 

performance deficiency have been identified as political, cultural and economic. To tackle 

these issues, the Jordanian government represented by the MPWH and GTD and other 

major stakeholders established a green building development process and green building 

codes. However, there is still an absence of an enforcement body and rigid governmental 

actions towards delivering these sustainable buildings, as can be seen in the existing 

policies, strategies and plans. Moreover, there is a lack of research on delivering 

sustainable construction through project management approaches, which this research 

tries to fill. The next chapter introduces BIM as a new project management innovation 

system that can be adopted to achieve sustainable buildings. 
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CHAPTER 3: BIM-ENABLED SUSTAINABLE DESIGN AND DELIVERY 

3.1 INTRODUCTION 

Maximising value, lowering cost and achieving sustainability for construction clients is a 

key issue nowadays, especially in an industry that has been criticised for its lack of 

productivity and inefficiency (see Section 2.5.2.4). Moreover, the ŎƭƛŜƴǘǎΩ ǊŜǉǳƛǊŜƳŜƴǘǎ 

have become more bespoke and irregular; therefore, it becomes more difficult to present 

these requirements in a two-dimensional (2D) style.  

Traditionally, 2D drawings and documents were relied on for design development and 

project information management, as Cohen (2010) has stated; this practice led to 

miscommunication and human error due to misinterpretations in the design and 

construction documents. On the other hand, one of the major considerations nowadays in 

the construction industry is the push for sustainability considerations for construction 

projects, as in having a high energy performance and low environmental impact. This adds 

an extra layer of specialised construction information requirements, which increases the 

complexity of the design and delivery process. Moreover, fragmented management 

practices currently used in the construction industry cause there to be a reworking and/or 

a redesigning of construction projects more frequently over a projectΩǎ lifecycle (Smith and 

Tardif, 2009). Reworking and redesigning affect the project performance in terms of cost, 

quality and time. Reworking was estimated to cost 11% of the original contractual costs 

(Forcada, Gangolells, Casals & Macarulla, 2017; Love, Edwards, Smith & Walker, 2009). 

Additionally, quality defects and schedule delays are caused predominantly by redesign 

(Lopez, Love, Edwards & Davis, 2010; Goodrum, Smith, Slaughter & Kari, 2008; Sun & 

Meng, 2009). Therefore, managing, coordinating, integrating and updating the substantial 

amount of information from the construction project stakeholders over the lifecycle of a 

project becomes crucially important (Hooper and Ekholm, 2010; Clough, Sears & Sears, 

2008; Kim, 2014).  

BIM has been introduced as a response to the above issues, and it has been considered 

one of the most effective technological and organisational innovations in the Architecture, 

Engineering and Construction industry (AEC) (Succar, 2015). Technological innovation 

plays a key role in both short-term and long-term economic, societal and environmental 

sustainability. BIM has been classified as innovative (Davies and Harty, 2013; Brewer and 
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Gajendran, 2012) and as a disruptive piece of technology (Eastman et al., 2008). Disruptive 

innovation has been defined in the following: 

TƘŜ ŜȄǘŜƴǘ ǘƻ ǿƘƛŎƘ ƛǘ ŘŜǇŀǊǘǎ ŦǊƻƳ ƛƴŘǳǎǘǊȅ ƴƻǊƳǎ ώΧϐ ǊŜƴŘŜǊǎ ŜȄƛǎǘƛƴƎ ōǳǎƛƴŜǎǎ 

models obsolete, changes the basis of competition in an industry and produces 

sustainable competitive advantage by changing the way a whole industry works. 

(Loosemore, 2013) 

Therefore, BIM is considered to be a major paradigm shift in the construction industry 

because it requires a change to the culture and the processes involved to achieve a more 

integrated approach (Succar, 2009; Ibrahim, Krawczyk & Schipporiet, 2004; HM 

Government, 2012; Hannele et al., 2012). This chapter develops a contextual background 

of BIM to ascertain whether it enables the design and delivery of the sustainable buildingsΩ 

projects. This chapter comprises five main sections: 

ǒ An overview of BIM, which includes different BIM definitions, the levels of 

maturity, applications, dimensions and management.  

ǒ Identification of the BIM benefits and barriers from the literature.   

ǒ BIM adoption and implementation in the public sector in Jordan, including the 

global BIM status, BIM in the Middle East and Jordan. Moreover, this section 

emphases the importance of the BIM implementation in the public sector.  

ǒ BIM-sustainable buildingsΩ nexus, which includes the BIM-supported lifecycle of 

sustainable buildings and the BIM-supported sustainable building assessment and 

analysis.  

3.2 OVERVIEW OF BIM  

3.2.1 BIM Definition   

There is considerable divergence among those who attempt to define the meaning of BIM. 

Some ambiguity is in the phrase itself. For example, is the term modelling intended as a 

noun or verb? Does the model refer to an instantiated model or the underlying schema? 

BIM is usually written as Building Information Modelling with two distinct but 

complementary meanings: a particular engineering software or a managing process. The 

latter can be characterised as the adoption of an information-centric view of the whole 

lifecycle of a building (Watson, 2010). It is, therefore, challenging to find a single 
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satisfactory definition of what BIM is. It is proposed that it should be considered and 

analysed as a multidimensional, evolving, complex phenomenon. The following are some 

of the BIM definitions found in the literature, arranged by year: 

Table 3.1: BIM definitions 

Author Year Definition  

Jung and Gibson 1999 άLƴǘŜƎǊŀǘƛƻƴ ƻŦ corporate strategy, management, computer 

systems, and information technology throughout the project's 

ŜƴǘƛǊŜ ƭƛŦŜŎȅŎƭŜ ŀƴŘ ŀŎǊƻǎǎ ŘƛŦŦŜǊŜƴǘ ōǳǎƛƴŜǎǎ ŦǳƴŎǘƛƻƴǎΦέ 

Graphisoft 2003 ά! ŎƻƳǇǳǘŜǊ ƳƻŘŜƭ ŘŀǘŀōŀǎŜ ƻŦ ōǳƛƭŘƛƴƎ ŘŜǎƛƎƴ ƛƴŦƻǊƳŀǘƛƻƴΣ 

which may also contain information about a ōǳƛƭŘƛƴƎΩǎ 

ŎƻƴǎǘǊǳŎǘƛƻƴΣ ƳŀƴŀƎŜƳŜƴǘΣ ƻǇŜǊŀǘƛƻƴǎ ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜΦέ 

Penttila 2006 ά! ƳŜǘƘƻŘƻƭƻƎȅ to manage the essential building design and 

ǇǊƻƧŜŎǘ Řŀǘŀ ƛƴ ŘƛƎƛǘŀƭ ŦƻǊƳŀǘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ōǳƛƭŘƛƴƎ ƭƛŦŜ ŎȅŎƭŜΦέ 

National Institute 

of Building 

Sciences 

2007 ά! ŘƛƎƛǘŀƭ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ƎŜƻƳŜǘǊƛŎ ŀƴŘ ƴƻƴπƎŜƻƳŜǘǊƛŎ 

Řŀǘŀ ƻŦ ŀ ŦŀŎƛƭƛǘȅΦέ 

AIA 2008 ά! ŘƛƎƛǘŀƭ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ǇƘȅǎƛŎŀƭ ŀƴŘ ŦǳƴŎǘƛƻƴŀƭ 

characteristics of the single model or multiple models elements, 

and the process and ǘŜŎƘƴƻƭƻƎȅ ǳǎŜŘ ǘƻ ŎǊŜŀǘŜ ǘƘŜ ƳƻŘŜƭΦέ 

Autodesk 2008  ά!ƴ ƛƴƴƻǾŀǘƛǾŜ ŀǇǇǊƻŀŎƘ ǘƻ ōǳƛƭŘƛƴƎ ŘŜǎƛƎƴΣ ŎƻƴǎǘǊǳŎǘƛƻƴΣ ŀƴŘ 

management that is characterised by the continuous and 

immediate availability of project design scope, schedule, and 

cost information that iǎ ƘƛƎƘπ ǉǳŀƭƛǘȅΣ ŎƻƴǎƛǎǘŜƴǘ ŀƴŘ ǊŜƭƛŀōƭŜΦέ 

London, Singh, 

Taylor, Gu and 

Brankovic 

2008 ά!ƴ ƛƴŦƻǊƳŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎȅ-enabled approach to managing 

design data in the AEC/FM (Architecture, Engineering and 

/ƻƴǎǘǊǳŎǘƛƻƴκ CŀŎƛƭƛǘƛŜǎ aŀƴŀƎŜƳŜƴǘύ ƛƴŘǳǎǘǊȅΦέ 

Kymmell 2008 ά! ǘƻƻƭ ƘŜƭǇƛƴƎ ǇǊƻƧŜŎǘ ǘŜŀƳǎ ǘƻ ŀŎƘƛŜǾŜ ǘƘŜ ǇǊƻƧŜŎǘ Ǝƻŀƭǎ 

through a more transparent management process based on a 

ǘƘǊŜŜπŘƛƳŜƴǎƛƻƴŀƭ όо5ύ ƳƻŘŜƭΦέ 

Eastman 2008 ά! ǾŜǊō ƻǊ ŀŘƧŜŎǘƛǾŜ ǇƘǊŀǎŜ ǘƻ ŘŜǎŎǊƛōŜ ǘƻƻƭǎΣ ǇǊƻŎŜǎǎΣ ŀƴŘ 

technologies that are facilitated by digital, mechanic-readable, 

documentation about building its performance, it's planning, its 

ŎƻƴǎǘǊǳŎǘƛƻƴΣ ŀƴŘ ƭŀǘŜǊ ƛǘǎ ƻǇŜǊŀǘƛƻƴΦέ 
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Krygiel and Nies 2008 ά! ŎǊŜŀǘƛƻƴ ŀƴŘ ǳǎŜ ƻŦ ŎƻƻǊŘƛƴŀǘŜŘΣ ƛƴǘŜǊƴŀƭƭȅ ŎƻƴǎƛǎǘŜƴǘΣ 

computable information about a building project in design and 

ŎƻƴǎǘǊǳŎǘƛƻƴΦέ 

Succar 2009 ά! ǎŜǘ ƻŦ ƛƴǘŜǊŀŎǘƛƴƎ ǇƻƭƛŎƛŜǎΣ ǇǊƻŎŜǎǎŜǎ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŜǎ 

generating a methodology to manage the essential building 

design and project data in digital format throughout the 

building's lifeŎȅŎƭŜΦέ 

Hardin 2009 ά! ǊŜǾƻƭǳǘƛƻƴŀǊȅ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ǇǊƻŎŜǎǎ ǘƘŀǘ Ƙŀǎ ǘǊŀƴǎŦƻǊƳŜŘ 

the way buildings are designed, analysed, constructed and 

ƳŀƴŀƎŜŘΦέ 

Zuppa 2009 άA tool for visualising and coordinating AEC works to avoid 

ŜǊǊƻǊǎ ŀƴŘ ƻƳƛǎǎƛƻƴǎΦέ 

Eastman, 

Teicholz, Sacks 

and Liston  

2011 ά! ΨƎŜƴŜǊƛŎ ǘŜŎƘƴƻƭƻƎȅΩ ǘƘŀǘ ƛƴ ǇǊƛƴŎƛǇƭŜ ŀƭƭƻǿǎ Ƴŀƴȅ ōŜƴŜŦƛǘǎΣ 

like more efficiency in construction, fewer mistakes, more 

ŀŎŎǳǊŀǘŜ ŀƴŘ ǳǇπǘƻπŘŀǘŜ ƛƴŦƻǊƳŀǘƛƻƴΣ ƳƻǊŜ ƛƭƭǳǎǘǊŀǘƛǾŜ ŀƴŘ 

accessible exposition of the building and its characteristics to all 

ǇǊƻƧŜŎǘ ǎǘŀƪŜƘƻƭŘŜǊǎΦέ 

Weygant 2011 ά! ǘŜŎƘƴƻƭƻƎȅ ǘƘŀǘ ŀƭƭƻǿǎ ǊŜƭŜǾŀƴǘ ƎǊŀǇƘƛŎŀƭ ŀƴŘ ǘƻǇƛŎŀƭ 

information related to the built environment to be stored in a 

ǊŜƭŀǘƛƻƴŀƭ ŘŀǘŀōŀǎŜ ŦƻǊ ŀŎŎŜǎǎ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘΦέ 

Azhar 2011 ά! .ǳƛƭŘƛƴƎ Information Model characterises the geometry, 

spatial relationships, geographic information, quantities, and 

properties of building elements, cost estimates, material 

ƛƴǾŜƴǘƻǊƛŜǎΣ ŀƴŘ ǇǊƻƧŜŎǘ ǎŎƘŜŘǳƭŜΦέ 

Langdon 2012 ά¢ƘŜ ŀōƛƭƛǘȅ ǘƻ ǳǎŜ ŀƴŘ ƳŀƴƛǇǳƭŀǘŜ ƻōƧŜcts that can have 

extensive data on a variety of properties associated with them 

(geometry, connections to other objects, thermal performance, 

cost, delivery, life expectancy, etc.). And allows designers to 

produce accurate, coordinated, buildable and robust designs 

ǘƘŀǘ Ŏŀƴ ōŜ ǘŜǎǘŜŘ ƛƴ ǾƛǊǘǳŀƭ о5 ǎǇŀŎŜ ōŜŦƻǊŜ ǘƘŜȅ ŀǊŜ ōǳƛƭǘΦέ 

NBIMS 2012 ά! ŘƛƎƛǘŀƭ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ the physical and functional 

characteristics of a facility creating a shared knowledge 

resource of information about it, forming a reliable basis for 

decisions during its life cycle from earliest conception to 
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ŘŜƳƻƭƛǘƛƻƴΦέ 

Ilozor and Kelly 2012 ά! ƳȅǊƛŀŘ ƻŦ ŎƻƳǇǳǘŜǊ ǎƻŦǘǿŀǊŜ ŀǇǇƭƛŎŀǘƛƻƴǎ ǘƘŀǘ Ŏŀƴ ōŜ 

utilised by design and construction professionals alike to plan, 

layout, estimate, detail and fabricate various components of a 

ōǳƛƭŘƛƴƎΦέ 

HM Government 2012 ά! ŎƻƭƭŀōƻǊŀǘƛǾŜ ǿŀȅ ƻŦ ǿƻǊƪƛƴƎΣ ǳƴŘŜǊǇƛƴƴŜŘ ōȅ ǘƘŜ ŘƛƎƛǘŀƭ 

technologies which unlock more efficient methods of designing, 

ŎǊŜŀǘƛƴƎ ŀƴŘ ƳŀƛƴǘŀƛƴƛƴƎ ƻǳǊ ŀǎǎŜǘǎΦέ 

NHBC 2013 ά.ǳƛƭŘƛƴƎ LƴŦƻǊƳŀǘƛƻƴ aƻŘŜƭƭƛƴƎ όƻǊ ΨƳŀƴŀƎŜƳŜƴǘΩΣ ƳƻǊŜ 

appropriately) is about identifying the important information or 

data that is used throughout the design, construction and 

operation of buildings, or any other built asset, and managing it 

to make it useful to all those ƛƴǾƻƭǾŜŘΦέ 

Miettinen and 

Paavola 

2014 ά! ŘƛƎƛǘŀƭ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ŀ ōǳƛƭŘƛƴƎ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ŀƴ ƻōƧŜŎǘ-

oriented three-dimensional model, or a repository of project 

information to facilitate interoperability, automation of 

processes and exchange of information with related software 

ŀǇǇƭƛŎŀǘƛƻƴǎΦέ 

BIMTG 2014 ά9ǎǎŜƴǘƛŀƭƭȅ ŀ ǾŀƭǳŜ-creating collaboration through the entire 

lifecycle of an asset, underpinned by the creation, collation and 

exchange of shared 3D models and intelligent, structured data 

attached to ǘƘŜƳΦέ 

Kim 2014 ά!ƴ ƛƴŦƻǊƳŀǘƛƻƴ ƳŀƴŀƎŜƳŜƴǘ ǎȅǎǘŜƳ ǘƻ ƛƴǘŜƎǊŀǘŜ ŀƴŘ ƳŀƴŀƎŜ 

various construction information throughout the entire 

construction project life cycle based on a 3D parametric design 

to facilitate effective communication among project 

ǎǘŀƪŜƘƻƭŘŜǊǎ ǘƻ ŀŎƘƛŜǾŜ ŀ ǇǊƻƧŜŎǘ Ǝƻŀƭόǎύ ŎƻƭƭŀōƻǊŀǘƛǾŜƭȅΦέ 

Despite the many existing definitions for BIM in the literature, three important common 

characteristics of BIM can be identified (Kim, 2014):  

1. Construction project information integration and management throughout the 

project life cycle.  

2. Effective collaboration and communication between project stakeholders.  



43 
 

3. Building a representation digitally in a 3D object form with geometric and ƴƻƴπ

geometric attributes based on parametric design. Eastman et al. (2008) state that a 

building information model contains precise geometry and relevant data needed to 

support the design, procurement, fabrication, and construction activities required 

to realise the building. The building model has been characterised by (Eastman, 

2008):  

ǒ Data attributes and parametric rules.  

ǒ Consistent non-redundant data so changes are propagated to all views, and the 

presentation of all views of the model are coordinated.  

ǒ Components that include data which describe how they behave. 

ǒ Building components represented by digital objects that know what they are 

and can be associated with computable graphics. 

Depending on the definitions mentioned above, BIM is defined in this research as: 

An innovative information management process to collect, integrate, coordinate 

and communicate relevant graphical and non-graphical information related to the 

built environment throughout the entire construction project life cycle to achieve 

the client requirements and project goals. 

3.2.2 BIM Level of Maturity  

As BIM is a developing phenomenon, not all businesses are adopting systems and 

technologies at the same rate. A particular organisation defines BIM as a reflection of its 

ΨƳŀǘǳǊƛǘȅ ƭŜǾŜƭΩ ό!ȊƘŀǊΣ IŜƛƴ ϧ {ƪŜǘƻΣ 2008). And although BIM maturity definitions 

continue to be evolving (Kassem, Iqbal, Kelly, Lockley & Dawood, 2014; Succar, Sher & 

Williams, 2012), the main subject is still delivering co-ordinated graphical and non-

graphical project information.  

A BIM Ψmaturity levelΩ ƛǎ ŘŜŦƛƴŜŘ ŀǎ άǘƘŜ ǉǳŀlity, repeatability and degree of excellence 

ǿƛǘƘƛƴ ŀ .La /ŀǇŀōƛƭƛǘȅέ (Succar et al., 2012). A ΨBIM CapabilityΩ is defined as άan 

organisation's level of performance or ability within a particular stage, which is measured 

to determine BIM Maturity according to the five maturity levels; ad-hoc, defined, 

managed, integrated, and optimiseέ (ibid) (see Figure 3.1). According to Barlish and 

Sullivan (2012), BIM capabilities are categorised into three main groups: object-based 
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modelling, model-based collaboration and network-based integration. In each of these 

groups, there are five BIM maturity levels.   

 

Figure 3.1: BIM maturity levels (Barlish and Sullivan, 2012) 

Many others have attempted to benchmark the maturity of BIM implementation (Succar, 

2009; NBIMS, 2007; Succar et al., 2012). The diagram in Figure 3.2 shows the most 

commonly adopted definitions of BIM maturity levels in the UK; it includes:  

ǒ Level 0: CAD files and paper-based documents are exchanged in an unstructured 

process.  

ǒ Level 1: Modelling: the use of object-oriented 3D modelling software within one 

organisation by a single disciplinary (Gu and London, 2010). 

ǒ Level 2: Collaboration: object-oriented models shared between two or more 

parties.  

ǒ Level 3: Full Integration: the integration of several multidisciplinary models using 

BIM servers where the ultimate goal is to move from local servers to a web-based 

environment (Gu and London, 2010).  
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Figure 3.2: BIM maturity diagram (BIMTG, 2014) 

3.2.3 BIM Application  

BIM can be used over the entire lifecycle of a facility. BIM usage will change the ways 

building projects are designed, constructed, communicated and conceived; however, the 

core responsibilitiŜǎ ƻŦ ǘƘŜ ōǳƛƭŘƛƴƎ ǇǊƻƧŜŎǘǎΩ ǎǘŀƪŜƘƻƭŘŜǊǎ ǿƛƭƭ ƴƻǘ ŎƘŀƴƎŜ ό{ƛƳƻƴƛŀƴ ŀƴŘ 

Korman, 2010). Different stakeholders adopt BIM for different reasons. Identifying BIM 

potential applications is the first and most important step for developing strategies to fully 

implement BIM for building projects (Ahn, Kwak & Suk, 2016). BIM application by the 

major project stakeholders: clients, designers, constructors and facility managers are 

presented in Table 3.2 below.  

Table 3.2: BIM application by project stakeholders (Azhar et al., 2012) 

BIM application Owners Designers Constructors Facilities 
Managers 

Visualisation X X X X 

Options analysis X X X  

Sustainability analysis X X   

Quantity survey  X X  

Cost estimation X X X  

Site logistic X  X  

Phasing and 4D scheduling  X X  

Constructability analysis  X X  

Building performance analysis X X X X 

Building management X   X 
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In the context of Jordan, identifying how BIM is currently used for public buildings and also 

determining how construction stakeholders can implement BIM will have an impact on 

maximising the potential BIM benefits at each stage of the buildingǎΩ lifecycle. The BIM 

benefits are discussed in Section 3.3.1.    

3.2.4 BIM Dimensions  

BIM dimensions (nD) reflect the extent to which BIM applications are used to manage and 

deliver different aspects of the construction process. For example, άǘƘŜ ŜȄǘŜƴŘŜŘ ǳǎŜ ƻŦ 

3D intelligent design (models) has led to references to terms such as 4D (adding time to 

ƳƻŘŜƭύ ŀƴŘ р5 όŀŘŘƛƴƎ ǉǳŀƴǘƛǘƛŜǎ ŀƴŘ Ŏƻǎǘ ƻŦ ƳŀǘŜǊƛŀƭύ ŀƴŘ ƻƴ ŀƴŘ ƻƴέ ό!D/Σ нллсΣ p. 3). 

BIM dimensions (2D, 3D, 4D and 5D) are the only universally accepted BIM dimensions 

(Ahmed, 2014). However, there are more extended dimensions which are named and 

understood differently by different individuals and organisations. Table 3.3 shows 

different uses of BIM in a construction building project under each dimension.   

Table 3.3: BIM dimensions and description 

BIM 
(nD) 

Capability  Description  References  

2D  Drafting   (Autodesk, 2003, p. 1; 
Hardin, 2009, p. 253) 

3D  3D Model  Project visualisation, clash 
detection model walkthroughs 
and prefabrication 

(Autodesk, 2003, p.1; Hardin, 
2009, p. 253; Eastman et al., 
2011) 

4D  3D + Time  Schedule, visualisation, 
construction planning and 
management 

(Chartered Institute of 
Building 2010, p. 30; 
Eastman et al., 2011; Hardin, 
2009, p. 253) 

5D  4D (3D + Time) 
+ Cost  

vǳŀƴǘƛǘȅ ǘŀƪŜπƻŦŦǎ ŀƴŘ ǊŜŀƭ ǘƛƳŜ 
cost estimating  

(Hardin, 2009, p. 253; 
Eastman et al., 2011) 

6D  5D (3D + Time + 
Cost) + Facility 
Management  

Data capturing and monitoring 
(the actual data on energy 
efficiency and building lifecycle 
costs) and lifecycle management 

(Hardin, 2009, p. 253; 
Eastman et al., 2011) 

7D  6D (3D + Time + 
Cost + Facility 
Management) + 
Sustainability  

Embodied carbon, manufacturers 
and recycled content  

(Hardin, 2009, p. 253) 

BIM, via these 7 dimensions, can be implemented as a sustainable tool to design and 

manage construction projects. It has also been argued that the sustainability dimension 

(7D) could impact the rest of the BIM dimensions (Kapogiannis, Gaterell & Oulasoglou, 
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2015). For example, BIM can make the required information for sustainable design, 

certification and analysis consistently available, leading to cost (5D) reduction associated 

with sustainability analyses (Autodesk, 2003). 

3.2.5 BIM Management   

Building Information Modelling can be rephrased as ΨBuilding Information ManagementΩ or 

ΨBetter Information ManagementΩ. However BIM is defined, at the ΨheartΩ of BIM is 

information. There are three key documents to manage the information in BIM, and thus 

achieve a successful BIM project; ǘƘŜǎŜ ŘƻŎǳƳŜƴǘǎ ŀǊŜ .La ǇǊƻǘƻŎƻƭΣ ǘƘŜ ŜƳǇƭƻȅŜǊΩǎ 

information requirement (EIR) and the BIM execution plan (Barnes and Davies, 2015).    

3.2.5.1 The BIM Protocol  

The BIM protocol aims at enhancing the production efficiency through adopting a 

consistent and coordinated approach to working within BIM (Barnes and Davies, 2015). 

BIM protocol is also used to define best practices and standards that ensure the delivery 

of high-quality data and uniform drawingsΩ output over the entire project cycle (Ibid).    

In the UK, the Construction Industry Council (CIC) BIM Protocol was issued to meet the 

requirements of BIM level 2. This protocol can be used as a supplementary legal 

agreement that can be incorporated into a construction contract and professional service 

appointments by way of a simple amendment. Moreover, this protocol puts in place 

specific obligations, liabilities and associated limitations on BIM model usage. In the US, 

the AIA released its ΨBuilding Information Modelling Protocol ExhibitΩΣ which is intended to 

be attached to ownerςarchitect and owner-contractor agreements (Lowe and Muncey, 

2010).   

A typical BIM protocol document could include (Barnes and Davies, 2015): 

ǒ An introduction to the project. 

ǒ BIM usage extent for the project. 

ǒ How the protocol is placed in the contractual document. 

ǒ .La ƳŀƴŀƎŜǊΩs details and who should appoint him/her. 

ǒ Employer information requirements. 

ǒ An organogram that shows how different stakeholders contributed to the BIM 

process. 
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ǒ BIM execution plans. 

ǒ Level of model development (LOD). 

ǒ Details of the BIM modelsΩ ΨŘŀǘŀ ŘǊƻǇΩ. 

ǒ The common data environment (CDE).  

ǒ Details of the software to be used.   

3.2.5.2 Employer Information Requirements (EIR) 

EIR is considered to be one of the key documents to successfully deliver BIM-based 

construction projects (Dwairi, 2016). EIR could be developed alongside the project brief, 

which defines the nature of the built asset that the client/developer wishes to procure. By 

contrast, the EIR defines the information that complies with the project/asset that the 

client wishes to procure, in which the design is guaranteed to be developed according to 

their needs (Barnes and Davies, 2015). 

EIR usually forms part of the tender document on a BIM project (Barnes and Davies, 2015). 

It includes requirements in three main areas regarding commercial, management and 

technical information. Table 3.4 shows the possible information with regard to these areas 

that can be embedded in the EIR.  

Table 3.4: EIR items (Dwairi, 2016) 

Commercial  Management  Technical  

Project deliverables and data 
drops  

Standards Software 
platforms 

Client strategic purpose Roles and responsibilities Data exchange 
formats 

Define BIM/ project deliverables Planning work and data segregation Coordinates 

BIM-specific competence 
assessment 

Security Level of detail 

 Coordination and clash detection  

 process  

 Collaboration process  

3.2.5.3 BIM Execution Plan (BEP) 

BEP can sometimes be abbreviated as BxP. The purpose of BEP is to manage the delivery 

of the project and to ensure that responsibilities and opportunities are clearly understood 

by all the stakeholders in a BIM-based project. The four main steps within a typical BIM 

execution plan procedure are as follows (see Figure 3.3) (Computer Integrated 

Construction Research Program, 2010): 
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ǒ Identifying BIM goals and uses during the project lifecycle. 

ǒ Designing the BIM project execution process by creating process maps. 

ǒ Developing an information exchange by defining BIM deliverable and responsible 

parties.  

ǒ Defining the project infrastructure to support the developed BIM process.  

BEP comprises two parts: a pre-contract BEP and post-contract BEP. Prospective 

suppliers prepare a pre-contract BEP in which the required capacities, proposed 

approaches and competences are set out to meet the EIR. Subsequently, the 

supplier with the awarded contract prepares the post-contract BEP to confirm 

ǘƘŜ ǎǳǇǇƭȅ ŎƘŀƛƴΩǎ capabilities and provides a master information delivery plan 

(MIDP) alongside individual task information delivery plans (TIDPs). Individual 

TIPDs include responsibilities for specific information tasks. A series of individual 

TIPDs build up the MIDP, which is a primary plan that explains when the 

information for the project is to be prepared, the responsible parties and the 

procedures and protocols to be used (Barnes and Davies, 2015). Figure 3.3 

represents the relationship between the BIM protocol, EIR, pre-contract BEP and 

post-contract BEP as mapped by the British standard (PAS1192-2:2013). 
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Employers Information Requirements (EIR) 
1. Information Management 
A. Level of Definition 
B. Training Requirements
C. planning of work and segregation 
D. coordination and clash avoidance 
E. collaboration process 
F health and safety 

2. Commercial Management 
A. exchange of information 
B. client strategic purpose 
C. software formats
D. responsibilities matrix 
E. standards and guidance documents 
F. roles, responsibilities and authorities 

3. Competence Assessment 
A. competence assessment 
B. changes to associated tender documentations 
C. BIM tender assessment details 

Post-contract BIM Execution Plan (BEP)
1. Information Management 
A. level of definition
B. training requirements
C. planning of work and data segregation 
D. coordination and clash avoidance
E. collaboration process 
F. health and safety 
G. security requirement 

2. Management 
A. project information model (PIM) delivery strategy 
B. major project milestones 
C. survey strategy 
D. approval of information 

3. Planning and Documentation
A. revised project information plan (PIP)- confirming the 
capacity of the supply chain
B. agreed project process for collaboration and 
information modelling

4. Standard Method and Procedures (SMP)
A. volume strategy 
B. PIM origin and orientation 
C. layer naming conversion 

5. IT solution 
A. software versions 
B. exchange formats
C. process and data management systems 

Pre-contract BIM Execution Plan (BRP)
1. Information Management 
A. level of definition
B. training requirements
C. planning of work and data segregation 
D. coordination and clash avoidance
E. collaboration process 
F. health and safety 
G. security requirement 

2. Project Implementation Plan (PIP)
A. proposed software versions 
B. proposed exchange formats
C. Supplier resource summary 

3. Project Goals for Collaboration and Information Modelling 
4. Major Project Milestones 
5. Project Information Model (PIM) Delivery Strategy 

BIM Protocol 
1. Definitions 
2. Priority of contract documents 
3. Obligations of the employer 
4. Obligation of the project team member 
5. Electronic data exchange 
6. Use of models 
7. Liability in respects of a model 
8. Termination

Appendix 1
1. level of details 
2. Stages 
3. Model production delivery table 

Appendix 2
1. Standards
2. Parties 
3. Employers Information Requirements 
4. Project procedures 

 

Figure 3.3: A map of the PAS1192-2:2013 delivery process from EIR up to post-contract BIM execution plan, adapted from (Earley, 2015) 
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3.2.5.4 Level of Development (LOD) 

LOD consists of two principal pieces of information: ΨƭŜǾŜƭ ƻŦ ŘŜǘŀƛƭǎΩ ŀƴŘ ΨƭŜǾŜƭ ƻŦ 

ƛƴŦƻǊƳŀǘƛƻƴΩ ό[hLύΦ [evel of details refers to the graphical content of a BIM model whereas 

LOI refers to the non-graphical content of a BIM model. These two concepts are usually 

aligned as both are developed alongside each other (Barnes and Davies, 2015). LODs are 

identified as an important and critical issue since they represent the model information at 

specific stages, and they are associated with the BIM implementationΩǎ practical side (Wu 

and Issa, 2014). Table 3.5 represents the suggested level of development by CIC (2013) 

and AIA (2013).   

Table 3.5: Level of development (AIA, 2013; CIC, 2013; BIMForum, 2013, P.10) 

LOD (AIA, 

2013)  

LOD (CIC, 

2013)  

Description (BIMForum, 2013) 

LOD100 1 (Preparation 

and brief)  

άThe Model Element may be graphically represented in the 

Model with a symbol or other generic representation but does 

not satisfy the requirements for LOD 200. Information related 

to the Model Element (i.e. cost per square foot, the tonnage of 

HVAC, etc.) can be derived from other Model Elements.έ 

LOD200 2 (Concept 

design)  

άThe Model Element is graphically represented within the 

Model as a generic system, object, or assembly with 

approximate quantities, size, shape, location, and orientation. 

Non-graphic information may also be attached to the Model 

Element.έ 

LOD300 3 (Developed 

design)  

άThe Model Element is graphically represented within the 

Model as a specific system, object or assembly in terms of 

quantity, size, shape, location, and orientation. Non-graphic 

information may also be attached to the Model ElementΦέ 

LOD350 4 (Technical 

design)  

άThe Model Element is graphically represented within the 

Model as a specific system, object, or assembly in terms of 

quantity, size, shape, orientation, and interfaces with other 

building systems. Non-graphic information may also be 

attached to the Model Element.έ 

LOD400 4 

(Construction) 

άThe Model Element is graphically represented within the 

Model as a specific system, object or assembly in terms of size, 

shape, location, quantity, and orientation with detailing 

fabrication, assembly, and installation information. Non-graphic 

information may also be attached to the Model ElementΦέ 

LOD500 5 (Handover 

and close out) 

άThe Model Element is a field verified representation in terms 

of size, shape, location, quantity, and orientation. Non-graphic 

information may also be attached to the Model Elements.έ 
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3.2.5.5 Common Data Environment (CDE) 

Many BIM protocols such the one in the UK (CIC BIM Protocol) propose the existence of a 

common data environment (CDE) in order to exchange the project information in BIM-

based construction projects (McPartland, 2016). The CDE is the single source of 

information for the project and acts as the central repository of the project information. It 

is used to collect, manage and disseminate documentation for project stakeholders; it 

includes graphical and non-graphical information (that is information created in a BIM 

environment and in a conventional data format) (Barnes and Davies, 2015).  

As can be seen in Figure 3.4, the CDE consists of four main areas of information: a work in 

progress area in which unapproved information is held for each organisation; a shared 

area in which information is held that has been checked, reviewed and approved for 

sharing with other organisations; a published area with information that the client or their 

ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ Ƙŀǎ ΨǎƛƎƴŜŘ ƻŦŦΩ; and an archive area where progress at each milestone, 

changed orders and transactions are recorded.    

The BIM information exchange within the CDE should be managed by an information 

manager (BIM manager). BIM protocols normally require the appointment of a BIM 

information manager by the client (CIC, 2013). The main role of a BIM information 

manager is to set and manage the CDE by policing it to make sure that the data are secure, 

and that it follows the agreed protocol. The following are a summary of other BIM 

ƛƴŦƻǊƳŀǘƛƻƴ ƳŀƴŀƎŜǊΩs principle responsibilities (CIC, 2013): 

ǒ Managing the processes and procedures for information exchange on projects. 

ǒ Initiating and implementing the Project Information Plan (PIP) and Asset 

Information Plan (AIP). 

ǒ Assisting in the preparation of project outputs, such as data drops. 

ǒ Implementation of the BIM protocol, including the updating of the MPDT. 

The BIM information managerΩǎ role could be performed by different entities over the 

project lifecycle. For example, the lead consultant or lead designer may be the information 

manager during the early stages, with the contractor acting as the information manager in 

the construction phase (Barnes and Davies, 2015).     
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Figure 3.4: Common data exchange (BSI, 2013b) 

3.3 BIM BENEFITS AND BARRIERS  

3.3.1 BIM Benefits  

The benefits associated with BIM implementation are vital (Ahn et al., 2016). There is a 

belief that the adoption of BIM can improve the performance of the construction industry 

(Crotty, 2012) since BIM implementation is a means for providing accurate scheduling 

timetables, diminishing total project costs, yielding quantity take-offs and enhancing 

project quality (Eastman et al., 2008). The National Research Council (NRC) (2009) 

conducted one of the first studies on developing a strategy for improving the efficiency, 

productivity and competitiveness in the US construction industry. The findings from this 

study identified BIM as a promising solution in terms of enhancing sustainability, 

timeliness, quality and cost-effectiveness, which the JCI suffers from (see Section 2.5.2.4). 

According to the Cooperative Research Centre (CRC) for construction innovation (2007), 

the key benefits of BIM implementation are having an accurate representation of the 

building parts in an integrated data environment. In 2007 and based on 32 major projects 

that used BIM, the Stanford University Centre for Integrated Facilities Engineering (CIFE) 

indicated that the following were achieved:  
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ǒ Cost estimation accuracy within 3%. 

ǒ Up to 40% elimination of unbudgeted change.  

ǒ Up to 80% reduction in the time taken to generate a cost estimate.  

ǒ A saving of up to 10% of the contract value through clash detections.  

ǒ Up to 7% reduction in project time.  

Table 3.6 includes the BIM benefits that have been identified by scholars and construction 

practitioners in a typical construction project. 

Table 3.6: Benefits of BIM implementation  

Benefits References 

Improved decision-making process 

(better visualisation and Ψwhat ifΩ scenarios) 

Construction Users Roundtable (CURT) 
(2010); Eastman et al. (2008); Fox and 
Hietanen (2007); Lu et al. (2015); Manning 
and Messner (2008); Sacks et al. (2010); 
Yan and Damian (2008) 

Better design and multi design alternatives 

Aranda-Mena et al. (2009); CRC 
Construction Innovation (2007); CURT 
(2010); Eastman et al. (2008); Fox and 
Hietanen (2007); Sacks et al. (2010); Saxon 
(2013) 

Predictive analysis of performance 

(finite-element, energy analysis and code 
analysis) 

Eastman et al. (2008); Fox and Hietanen 
(2007); Lee et al. (2015); Sacks et al. 
(2010); Taylor and Bernstein (2009) 

Improve collaboration in design and 
construction 

Bolpagni (2013); Lee et al. (2015); Lu et al. 
(2015); Sacks et al. (2010); Saxon (2013); 
Taylor and Bernstein (2009); Young et al. 
(2008); Wu and Issa (2014) 

Reduced project time and costs 

Bolpagni (2013); Bynum et al. (2013); CURT 
(2010); Hergunsel (2011); Saxon (2013); 
Suermann and Issa (2009); Yan and Damian 
(2008); Azhar et al. (2008); Young et al. 
(2008) 

Improved quality 
Bolpagni (2013); CURT (2010); Sacks et al. 
(2010); Suermann and Issa (2009); Yan and 
Damian (2008); Young et al. (2008) 

Improved construction process and efficiency 
(less reworking and fewer document errors 
and omissions) 

Aranda-Mena et al. (2009); Barlish and 
Sullivan (2012); Boktor et al. (2014); CRC 
Construction Innovation (2007); CURT 
(2010); Dossick and Neff (2010); Eastman 
et al. (2008); Hergunsel (2011); Sacks et al. 
(2010); and Suermann and Issa (2009); 
Redmond et al. (2012) 

Improved safety 
Ku and Mills (2010); Sacks et al. (2010); 
Sulankivi et al. (2010); Zhang et al. (2012) 
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Reduced claims or litigation 

(risks) 

Bolpagni (2013); Aranda-Mena et al. 
(2009); CURT (2010); Eastman et al. (2008); 
Saxon (2013) 

Improved operations and maintenance 

(facility management) 
Azhar (2011); CRC Construction Innovation 
(2007); CURT (2010) 

Sustainability enhancement  
Krygiel and Nies, (2008); Redmond et al. 
(2012) 

Sustainability enhancement is the focus of this research and research suggests BIM 

supports sustainability in many ways, in the case of informed decisions regarding energy 

performance and embodied carbon dioxide (CO2 in the early stages by assessing the 

ōǳƛƭŘƛƴƎǎΩ ŜƴŜǊƎȅ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ŜƳōƻŘƛŜŘ /h2) (Krygiel and Nies, 2008; Redmond et 

al., 2012). Section 3.5 discusses in detail the BIM support for sustainability over the 

buildingsΩ project lifecycle and sustainability assessment.  

3.3.2 BIM Barriers  

Despite the numerous BIM benefits for project stakeholders, there are many barriers to 

BIM implementation. BIM barriers were classified by Bernstein and Pittman (2004) into 

three main categories: Human/organisational, technical and business barriers. Business 

barriers were investigated further by Kiviniemi et al. (2008) and expanded to become the 

business and legal barriers. Table 3.7 represents the BIM barriers identified in the 

literature under each of these categories.   

Table 3.7: Barriers to BIM implementation 

Barriers 
categories  Barriers description  References 

Business and 
Legal Problems 

Additional resources and 
expenses (high economic 
investment software)  

Dedrick et al. (2003); Young et al. (2008); 
Yan and Damian (2008); Aranda-Mena et 
al. (2009); Bolpagni (2013); Hergunsel 
(2011) 

Fragmented procurement 
approaches  

Becerik-Gerber and Kensek (2010); 
Bolpagni (2013); Sackey et al. (2015) 

Increased risk and liability  
Young et al. (2008); Becerik-Gerber and 
Kensek (2010); Azhar (2011) 

Lack of a comprehensive 
framework or 
implementation plan  

Azhar (2011); Jung and Joo (2011); 
Bolpagni (2013); Saxon (2013); Lu et al. 
(2015) 

Lack of a legal framework 
(model ownership and legal 
contract)  

Aranda-Mena et al. (2009); Becerik-
Gerber and Kensek (2010); Azhar (2011); 
Olatunji (2011) 
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Technical 
Problems 

 

Lack of standards  

Pittman (2004); London et al. (2008); 
Howard and Bjork, (2008); Succar (2009); 
Manning and Messner, (2008); Taylor and 
Bernstein (2009); Eastman et al. (2011) 

Lack of interoperability  

Aranda-Mena et al. (2009); Prins and 
Owen (2010); Becerik-Gerber and Kensek 
(2010); Azhar (2011); Hergunsel (2011); 
Bolpagni (2013); Saxon (2013) 

Human/ 
Organisational 
Problems 

Attitude and awareness 
(resistance to change from 
2D drafting practices)  

Yan and Damian (2008); Young et al. 
(2008); Aranda-Mena et al. (2009); 
Becerik-Gerber and Kensek (2010); Gu 
and London (2010); Prins and Owen 
(2010); McCuen et al. (2012) 

Complexity (long hours to 
develop a BIM model)  

Goedert and Meadati (2008); Becerik-
Gerber and Kensek (2010); Prins and 
Owen (2010) 

Cultural change  Azhar et al. (2008); Bolpagni (2013); 
Saxon (2013) 

Employees lack BIM skills, 
education and training 
(design, engineers and 
subcontractors)  

Cook (2004); Young et al. (2008); Aranda-
Mena et al. (2009); Becerik-Gerber and 
Kensek (2010); Prins and Owen (2010); 
Saxon (2013); Wu and Issa (2014) 

Organisational challenges 
among construction 
professionals  

Taylor and Bernstein (2009); Won et al. 
(2009); Dossick and Neff (2010); Saxon 
(2013); Boktor et al. (2014); Lee et al. 
(2015)  

ǒ Business and Legal Problems: 

The absence of a universal BIM standard resulted in having customised BIM standards by 

different construction project stakeholders, which are unclear on the type of information 

within LODs that needed to be exchanged with the other stakeholders (Langdon, 2012). As 

a result, the roles and responsibilities, which have been clearly defined in conventional 

construction projects, are not well defined in BIM-based construction projects (Ilozor and 

Kelly, 2012). Therefore, the legal and contract issues related to certain risks have arisen. 

Legal and contractual risks in BIM-based construction projects include (Azhar, 2012): 

1. Un-defined intellectual property of a BIM model, which includes ownership and 

copyright (Holzer, 2007). Rosenberg (2007) suggested that setting ownership rights 

and responsibilities in the contractual documents is the best solution to prevent 

copyright disagreement issues.  

2. Controlling the data entry and inaccuracies responsibilities: this is a BIM 

contractual issue where being responsible for updating the project information 
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model data and keeping the data accuracy about a project lifecycle entails a high 

risk.   

3. The BIM integrated concept blurs responsibility levels to the limit that risk and 

liability might be increased.  

Azhar (2012) suggested that one of the most effective ways to deal with such risks is to 

have a procurement approach that is integrated and collaborative in nature.  

ǒ Technical problems  

A lack of BIM standards for model integration and managing multidisciplinary teams is 

amongst the significant technology-related barriers. Multidisciplinary information 

integration into a single BIM model needs to have access available to multiple users, which 

in turn gives the need to have BIM protocols to ensure consistency in information and 

formatting styles (Azhar, 2012). In the absence of a standard protocol, each stakeholder 

uses his/her standard which could lead to inconsistencies and inaccuracy of the BIM 

models.  

Other technological-related risks, as expressed by Azhar (2012), are interoperability issues 

and licensing issues. Interoperability issues can be defined as problems relating to the data 

exchange between different applications to avoid data re-entry and to facilitate 

automation. Common languages such as Industry Foundation Classes (IFC) and XML 

Schemas have considerably helped to overcome interoperability issues (Smith and Tardif, 

2009).   

ǒ Human/Organisational Problems 

It has been argued in the literature that human/organisational problems are derived from 

the other two types of BIM problems. According to Hardin (2009) and Eastman et al. 

(2011), the current fragmented practice of the construction industry is the main cause of 

human/organisational problems that effect BIM implementation. Therefore, increased 

collaborative and integrated construction practices and cultural changes are required to 

implement BIM effectively (Hannele et al., 2012; Succar, 2009).  

Cultural change is one of the main requirements for effective BIM implementation, which 

can be achieved by changing the mind-set of the stakeholders towards embracing new 

technologies, changing the working environment to being cooperative instead of 
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adversarial, increasing the awareness of the BIM benefits and adopting a Ψƴƻ ōƭŀƳŜΩ 

culture (Porwal and Hewage 2013; Smith 2014). 

3.4 BIM STATUS  

3.4.1 BIM Global Status  

The perceived benefits of BIM implementation have resulted in an increase of BIM 

adoption worldwide in the last few years. In the US, BIM adoption by the contractors has 

increased significantly from 2007 to 2012 (McGraw Hill, 2014). Between 2007 and 2012, 

there was a surge of 54% of BIM adoption in the construction value in the US construction 

industry (Lee et al., 2014). Moreover, BIM adoption by the construction industry 

practitioners has increased in European countries to 36% in 2010 (McGraw-Hill, 2010b).  

National Building Specification (NBS) conducted an international BIM survey in 2015 to 

investigate the BIM adoption within the international design community. The respondents 

were from design firms, consultants, general contractors, subcontractors or suppliers and 

research institutes. This report shows the implementation percentage of BIM in 2015 in 

the UK, Canada, Denmark, the Czech Republic and Japan. In the UK, BIM usage in the 

construction projects has increased by 9% between 2013 and 2015. Canada moved from 

64% in 2013 to 67% in 2015. Table 3.8 shows the BIM implementation percentages in 

construction projects in these countries. Another report (McGrawHill, 2014) confirmed 

that BIM usage was projected to increase sharply in the construction industry, especially in 

the contractorsΩ firms in many countries, as shown in Table 3.9; this is due to the 

realisation of the potential of this technological and procedural evolution within the 

construction industry (Gerges et al., 2017).  

Table 3.8: BIM implementation percentages in construction projects (NBS, 2016) 

Country  2015 

The UK 48% 

The Czech Republic 25% 

Denmark 78% 

Canada 67% 

Japan 46% 
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Table 3.9: BIM implementation percentage in contractorsΩ firms in 2013 and 2015 (McGraw, 2014) 

Country  2013 2015 

Germany  37% 72% 

The United States  55% 79% 

Brazil  24% 73% 

France  39% 71% 

Australia  33% 71% 

Japan 27% 43% 

New Zealand  23% 50% 

South Korea  23% 52% 

3.4.2 BIM in the Public Sector in Jordan  

One of the main drivers that has influenced BIM implementation is the political pressure 

applied to the construction industry, as has occurred in many countries; BIM has been 

pushed and mandated by certain public bodies such as UK government (Won, 2013). Many 

researchers have investigated BIM adoption and implementation worldwide, and where 

some focused on the public sector, others did so on the private sector or on the whole 

construction industry including both private and public sectors. At the same time, the 

main focus of these researchers was on standards, guidelines, reports, visions and 

roadmaps of BIM implementation or the roles and responsibilities of the stakeholders 

when implementing BIM.  

Succar (2009) listed all the reports, visions and guides that related to BIM and which are 

publicly available in the US, Denmark, Australia, Finland, Norway, Netherlands and a 

consortium of organisations in Europe. Other researchers discussed the roles of both 

sectors that are the public and private sectors in Norway, Singapore, Finland and Denmark 

in promoting and providing support for BIM implementation. Jauhianian (2011) presented 

examples of BIM adoption in the public sector in three countries: the General Services 

Administration (GSA) in the US, the Senate Properties in Finland and the Statsbygg in 

Norway. Wong (2011) compared the governmental guidelines, standards, policies and 

implementation status in the US and Hong Kong.  

Martin (2012) conducted a comparative review of the BIM national guidelines in the UK, 

the US, Norway, Finland, Australia, Sweden and Denmark. Cheng (2015) compared the 

different kinds of roles and efforts made by the public sector for BIM adoption in four 

main regions: Europe, the US, Asia and Australia. By highlighting the successful BIM 
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implementation strategies and identifying the gaps, it was surmised that the public client 

has six roles to play for BIM adoption. These include driver and initiator, educator, 

regulator, researcher, demonstrator and funding agency. Cheng (2015) and Wong et al. 

(2009) concluded that the public sector has a primary role in BIM adoption. Many 

countries around the globe have realised the vital role of the public authorities in 

promoting BIM, such as in the UK and the US (Won, 2013). Therefore, many governments 

including the US (Wong et al., 2009), Australia (BuildingSMART, 2012) and the UK (HM 

Government, 2012) have set implementations strategies for the use of BIM on 

construction projects. 

In the US, the DŜƴŜǊŀƭ {ŜǊǾƛŎŜǎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ όD{!ύ άŀƴ ƛƴŘŜǇŜƴŘŜƴǘ ŀƎŜƴŎȅ ƻŦ ǘƘŜ 

United States government, was established in 1949 to help manage and support the basic 

ŦǳƴŎǘƛƻƴƛƴƎ ƻŦ ŦŜŘŜǊŀƭ ŀƎŜƴŎƛŜǎέΣ ŎƻƳƳƛǘǘŜŘ ǘƻ ŀŘƻǇǘƛƴƎ о5Σ п5 ŀƴŘ .La ǘŜŎƘƴƻƭƻƎƛŜǎ ƻƴ ŀ 

strategic and incremental levels to bridge the adoption gap since 2003 (Cefrion, 2011).  

In Australia, the Cooperative Research Centre (CRC) for Construction Innovation and the 

Australian Institute of Architects have collaborated in the development of a conceptual 

framework for BIM implementation; this framework provided the key elements of a BIM 

evolutionary process as well as a roadmap for the higher levels of BIM (CRC for 

Construction Innovation, 2007). Moreover, a range of actions was also suggested for the 

government and the industry in Australia (Porwal and Hewage, 2013): 

ǒ National strategies for BIM implementation to be developed and include national 

priorities and stimulation of the involvement of the government and private 

clients. 

ǒ New procurement approaches to be developed and implemented for BIM. 

In the UK, BIM adoption and implementation were among the main principle objectives of 

ǘƘŜ ΨDƻǾŜǊƴƳŜƴǘ /ƻƴǎǘǊǳŎǘƛƻƴ {ǘǊŀǘŜƎȅ όD/{ύ нлмсΩ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ƴŀǘƛƻƴŀƭ ƛƴŦrastructure. 

The following are the main principle objectives of this strategy: 

ǒ Embedding and increasing the use of digital technology, such as BIM Level 2. 

ǒ Deploying collaborative procurement approaches.  

The UK government has also mandated BIM since 2016 for all the public projects that 

exceeded £5 million as per the ΨSmart Market ReportΩ to reduce project delays and cost 



61 
 

overruns (Lee et al., 2014). This has led to an increase in BIM adoption in the UK from 19% 

to 39% between 2010 and 2012 (NBS, 2013). Francis Maude (2012), the Minister for the 

Cabinet Office, stated the following: 

¢ƘŜ ƎƻǾŜǊƴƳŜƴǘΩǎ ŦƻǳǊ-year strategy for BIM implementation will change the 

dynamics and behaviours of the construction supply chain, unlocking new, more 

efficient and collaborative ways of working. This whole sector adoption of BIM will 

put us at the vanguard of a new digital construction era and position the UK to 

become the world leaders in BIM. (McGough, Ahmed & Austin, 2013, p. 396) 

The UK governmental construction strategies have increased the importance of BIM 

adoption and implementation in the UK. Thus, various construction professional 

organisations have released standards, protocols and guidelines for effective management 

and integration of construction information. Table 3.10 shows these standards, protocols 

and guidelines (NBS, 2015; NBS, 2016). 

Table 3.10: UK BIM Standards, protocols and guidelines (NBS, 2015; NBS, 2016; Kim, 2014) 

Organisations BIM Standards and Protocols 

 

 

 

 

BSI 

άt!{ ммфнπнΥнлмоΣ ǎǇŜŎƛŦƛŎŀǘƛƻƴ ŦƻǊ ƛƴŦƻǊƳŀǘƛƻƴ ƳŀƴŀƎŜƳŜƴǘ ŦƻǊ ǘƘŜ 

capital/delivery phase of construction projects using building information 

modeƭƭƛƴƎέ 

άt!{ ммфнπоΥнлмпΣ ǎǇŜŎƛŦƛŎŀǘƛƻƴ ŦƻǊ ƛƴŦƻǊƳŀǘƛƻƴ ƳŀƴŀƎŜƳŜƴǘ ŦƻǊ ǘƘŜ 

ƻǇŜǊŀǘƛƻƴŀƭ ǇƘŀǎŜ ƻŦ ŀǎǎŜǘǎ ǳǎƛƴƎ ōǳƛƭŘƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ ƳƻŘŜƭƭƛƴƎ .Laέ 

ά.{ ммфнп-4:2014 - Collaborative production of information. Part 4: Fulfilling 

ŜƳǇƭƻȅŜǊΩǎ ƛƴŦƻǊƳŀǘƛƻƴ exchange requirements using COBie (Construction 

Operations Building Information Exchange) ς /ƻŘŜ ƻŦ ǇǊŀŎǘƛŎŜέ 

άt!{ ммфн-5:2015; Specification for security-minded building information 

management, digital built environments and smart asset management. 

Provides guidance on how to secure the intellectual property, the physical 

asset, the processes, the technology, the people, and the information 

ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ŀǎǎŜǘέ 

ά.{ уросΥнлмрΤ CŀŎƛƭƛǘƛŜǎ aŀƴŀƎŜƳŜƴǘ όCaύ ōǊƛŜŦƛƴƎ ŦƻǊ ŘŜǎƛƎƴ ŀƴŘ 

construction. For thŜ ōǳƛƭŘƛƴƎΩǎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ƎǳƛŘŀƴŎŜ ǳǇƻƴ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ 

of required social, environmental, and economic outcomes as well as the 

ǇǊƻŎŜǎǎ ƻŦ ŀŎƘƛŜǾƛƴƎ ǘƘƻǎŜ ǊŜǉǳƛǊŜŘ ƻǳǘŎƻƳŜǎέ 

.{ урпмΤ wŀƴƎŜ ƻŦ ǎǘŀƴŘŀǊŘǎ ŦƻǊ άƭƛōǊŀǊȅ ƻōƧŜŎǘǎ όŀǊŎƘƛǘŜŎǘǳǊŀƭΣ ŜƴƎƛƴŜŜǊƛƴƎΣ 

ŀƴŘ ŎƻƴǎǘǊǳŎǘƛƻƴύέ 

CIC BIM Protocol, Standard Protocol for use in projects using Building 

Information Models 

RIBA BIM Overlay to the RIBA Plan of Work 



62 
 

RIBA Plan of Work 2013 Construction 

RIBA and NBS ά¦ƴƛŎƭŀǎǎнлмрΦ ! ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ǎȅǎǘŜƳ ǘƘŀǘ Ŏŀƴ ōŜ used to organise 

ƛƴŦƻǊƳŀǘƛƻƴ ǘƘǊƻǳƎƘƻǳǘ ŀƭƭ ŀǎǇŜŎǘǎ ƻŦ ǘƘŜ ŘŜǎƛƎƴ ŀƴŘ ŎƻƴǎǘǊǳŎǘƛƻƴ ǇǊƻŎŜǎǎέ 

 

BIM Task 

Group 

GSL (Government Soft Landings) ς Developed to champion better outcomes 

ŦƻǊ ǘƘŜ ¦YΩǎ ōǳƛƭǘ ŀǎǎŜǘǎ ŘǳǊƛƴƎ ǘƘŜ ŘŜǎƛƎƴ ŀƴŘ ŎƻƴǎǘǊǳŎǘƛƻƴ ǎǘŀƎŜǎΣ ǇƻǿŜǊŜŘ 

by BIM, so as to ensure that value is achieved in the operational lifecycle of 

an asset 

Construction Operations Building Information Exchange (COBie) UK 2012  

Mandating BIM adoption and implementation by the UK government had a positive 

impact on BIM adoption in the Middle East due to the significant economic relationship 

between the Middle East and the UK, which has led to the dominance of British architects, 

consultants, contractors and project managers in the Middle East (Gerges, 2016). 

Therefore, BIM adoption and implementation in the Middle-East region is expected to rise. 

Other significant factors for increasing the BIM adoption rates in the Middle East are:  

ǒ The existence of multi-national firms with multiple offices across the Middle East 

region, which in turn have imposed the adoption and implementation of BIM in the 

Middle East (Gerges et al., 2017).  

ǒ The rapid growth of mega and complex projects in many of the Middle Eastern 

countries was one of the main motivators for increasing BIM adoption and 

implementation (Gerges et al., 2017).  

ǒ The widespread use of some of the UK BIM Standards, protocols and guidelines 

mentioned in Table 3.10 in the Middle East. For example, the RIBA Plan of Work 

ŜǎǘŀōƭƛǎƘŜŘ ŀƴ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŎƘŀǇǘŜǊ ŎŀƭƭŜŘ ΨwL.! DǳƭŦ /ƘŀǇǘŜǊΩ ŦƻǊ ƳŜƳōŜǊǎ ƛƴ 

Jordan, UAE, Bahrain, Saudi Arabia, Kuwait and the Sultanate of Oman. This 

chapter is one of eleven international RIBA chapters. The RIBA Gulf Chapter is 

actively engaged with a diverse and very significant number of RIBA and non-RIBA 

practitioners to support and communicate with RIBA overseas members and 

arrange activities, such as networking events (RIBA Gulf Chapter, n.d).  

Despite these influences, most of the Asian countries are still lagging behind the US and 

Europe in general in BIM adoption (Cheng et al., 2015). In the Middle East, Jordan and the 

Gulf Cooperation Council (GCC) countries were surveyed in (2011) by BuildingSMART to 

report on the adoption of BIM in the Middle-East region. This survey showed that 25% of 

the ǇŀǊǘƛŎƛǇŀƴǘǎ ǿŜǊŜ ΨŦŀƳƛƭƛŀǊΩ with BIM processes, but only 5% were using it 

(BuildingSMART, 2011). It was also stated that the use of BIM had improved productivity 
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and quality control and reduced design errors (ibid). Another study was conducted by 

Gerges (2016) on BIM implementation in the Middle East, particularly in Kuwait. He 

reported that many of the BIM benefits in the region included improving communication, 

encouraging collaboration, thus mitigating project risks, and monitoring the status of the 

project throughout the project phases, facilitating stakeholders in a transparent way. 

In 2014, another survey took place and reported that 10% of the construction 

professionals in the Middle East are using BIM with an increase of only 5% from the 

previous survey in 2011 (CW Staff, 2014). This could be because the use of BIM is not 

mandatory in the region (BuildingSMART, 2011). On the other hand, BIM has been 

implemented mainly for basic tasks, such as drawing extraction, 3D visualisation and rarely 

for planning (Awwad, 2013).  

Recently, a survey was conducted by Gerges et al. (2017) to investigate BIM 

implementation in the Middle East, including Jordan, the GCC, Egypt and Lebanon. 297 

questionnaires were sent out with a 67.34% response rate. The findings revealed that 20% 

of the AEC organisations in the Middle East were using BIM, but Jordan was one of the 

countries with the least BIM projects (Gerges et al., 2017). Comparing the findings from 

Gerges Ŝǘ ŀƭΦΩǎ όнлмтύ research with .ǳƛƭŘƛƴƎ{a!w¢Ωǎ (2011) studies, it seems clear that 

BIM adoption in the Middle East is rising. However, the surveyed respondents from Jordan 

totalled only 3% of the overall response to the questionnaire distributed by Gerges et al 

(2017).   

As stated above, BIM adoption in the Middle East has slowly increased, but it is lagging 

behind the rate of BIM adoption in the aforementioned developed countries. Awwad 

(2013) explained that the main reason is that no steps have been taken by the public 

sector to implement BIM. The Jordanian government, on the other hand, was the first in 

the Middle East to take the BIM oath. MPWH and the JEA have signed an agreement with 

BuildingSMART and the BIM Journal to establish the BuildingSMART Forum in Jordan and 

to promote BIM adoption and implementation (Middle East Construction News, 2011). 

However, since signing the agreement, there have been no steps taken toward achieving 

its targets.  

Recently, the Jordanian government showed an increased interest in BIM implementation 

on its building projects by starting to request the use of BIM to deliver significant public 

buildings. For example, the Al Tafaileh Governmental Hospital (Matarneh and Hamed, 
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2017) and the new airport terminal were requested to be designed and delivered using 

BIM. Therefore, it can be said that the Jordanian government is in the process of 

requesting BIM for its public building projects.   

However, the literature revealed a lack of studies on BIM adoption and implementation in 

Jordan in both the private and public construction sectors. Adding to the aforementioned 

BIM survey conducted in 2011 by BuildingSMART on the GCC and Jordan, Al Awad (2015) 

conducted research to provide insight into the context of IT and BIM adoption by small 

and medium-sized enterprises (SMEs) in construction in Jordan; his research was the first 

ŀŎŀŘŜƳƛŎ ǿƻǊƪ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ .La ƛƴ WƻǊŘŀƴΣ ŀƴŘ ƛǘ ǿŀǎ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ά.LM adoption 

among construction SMEs in Jordan is virtually non-existentέ (Al Awad, 2015, p. 207). 

Moreover, AutoCAD was found to be the main design tool. Al Awad (2015) also found that 

one of the main barriers to implementing .La ƛǎ ǘƘŜ Ψculture and traditiƻƴ ƻŦ ǿƻǊƪΩΣ which 

he suggested needs to be overcome along with other barriers; there is a need for 

management change, communication, training and streamlined processes. There are 

limitations in his work in that there were a small number of surveyed participants and the 

focus was not the public construction sector in Jordan.  

At the time of writing up the thesis, the most recent research was conducted by Matarneh 

(2017) to identify BIM experiences and the perceived benefits, values and challenges of 

BIM adoption and implementation in Jordan. The findings from the research revealed that 

BIM adoption and implementation in Jordan is still in a primitive phase.  

Despite the crucial role of the public client in Jordan (see Section 2.5.2.2), the public 

construction sector was not investigated in any of the above studies. Therefore, this 

demonstrates a gap in the research on the BIM status, benefits, barriers and feasibility in 

the Jordanian public construction sector. This research will try to fill this gap by 

investigating the current status of BIM in the public sector in Jordan.  

3.5 BIM-SUSTAINABLE BUILDINGS NEXUS 

Sustainability enhancement is among the main benefits of BIM implementation. The main 

objective of this chapter is to investigate the impact of adopting BIM approaches for the 

design and delivery of sustainable building projects. Therefore, this section will discuss the 

BIM support for delivering sustainable buildings.  
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Delivering sustainable buildings bears not only building performance-related 

considerations, but also addresses the economic, social and environmental impacts of the 

building industry; this adds extra layers of necessary information, and so it is desirable to 

have efficient information-technological solutions. BIM was identified as the most 

promising solution in terms of improving sustainability and meeting the global need for 

sustainable buildings (Kumanayake and Bandara, 2012) since BIM supports the supply, 

management and integration of such requisite information throughout the lifecycle of a 

building (Häkkinen and Kiviniemi 2008). Moreover, although BIM is not a new technology 

within the construction industry, recently, the potential for BIM and its relationship to 

sustainability is beginning to be realised as the demand is increasing annually (Bynum et 

al., 2013). As such, practitioners believe that BIM can achieve sustainable construction 

outcomes more efficiently than non-BIM approaches (McGraw-Hill, 2010a), and that such 

benefits accrue in projects across the globe (Mihindu and Arayici, 2008).  

Love and Smith (2003) sent 100 questionnaires to AEC practitioners and academics in the 

UK and the US to ask about BIM benefits. It was found that BIM can improve sustainability 

and increase creativity in addition to reducing cost and time and improving quality. 

Khosrowshahi and Arayici (2012) surveyed respondents from the UK construction industry 

to find the issues that BIM can address; they found that BIM implementation can improve 

sustainable design, construction, risk management, the reliability of the facilities, asset 

management, coordination of client changes to the design, and reduce errors, reworking 

and waste.  

In order to provide a holistic understanding and critical reflection on the nexus between 

BIM and sustainable buildings, Figure 3.5 presents the ΨSustainable BIM TriangleΩ. As can 

be seen, two central themes reflect the nexus between BIM and sustainable buildings: 

BIM, if managed, can supports the lifecycle of sustainable buildings. And BIM supports the 

sustainable building analysis and assessment. 
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Figure 3.5: Sustainable BIM Triangle taxonomy adapted from Lu, Wu, Chang and Li (2017) 
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3.5.1 BIM Supports the Lifecycle of Sustainable Buildings  

BIM can contribute to sustainable construction over the facility lifecycle from the early 

stages to demolition, and through facilitating important decisions (Azhar and Brown, 

2009). BIM can also support sustainability in the construction supply chain by making 

construction and procurement processes more effective and efficient, and reducing 

construction waste materials throughout a project lifecycle (Crosbie et al., 2011; HM 

DƻǾŜǊƴƳŜƴǘΣ нлмнΤ aŎDǊŀǿπIƛƭƭΣ нлмлύΦ The following sections represent the contribution 

of BIM to sustainability over the various building stages.  

3.5.1.1 BIM Supports Sustainable Strategic Planning and Briefing  

Well defined, in-place strategies enable organisations to adapt to on-going changes in the 

external world. Therefore, a strategy that takes the ƻǊƎŀƴƛǎŀǘƛƻƴΩǎ ŀōƛƭƛǘƛŜǎ ŀƴŘ ǘƘŜ 

opportunities presented by the environment is essential in order to be viable (Jennings 

and Wattam, 1998).  

In terms of project sustainability, the planning stage is significant as it creates the highest 

impact on the environmental, economic and social aspects (Chong et al., 2017). It has 

been argued in the literature that sustainability considerations and assessments should 

firstly take place in the strategic planning and briefing phases. This is because it is essential 

to develop a plan for sustainability within the project scope that identifies the 

sustainability goals of a project (Hardin, 2009). Table 3.11 shows the sustainability 

considerations, as reported by Zanni (2017) and Mulvihill and Jacobs (1998).     

Table 3.11: Plan for Sustainability 

(Zanni, 2017) (Mulvihill and Jacobs, 1998)     

Project summary Establishing and refining the project vision and objectives 
based on sustainable development principles and 
ǎǘŀƪŜƘƻƭŘŜǊǎΩ ƴŜŜŘǎ 

Accreditation goal summary Establishing common values 

Local recycling resources Identification of contextual issues that influence the problem 
definition 

Local municipal sustainability 
initiatives 

Identification of significant assessment issues based on social 
values and professional judgment 

Project limits Development of terms of reference for the stages of the 
assessment process 

Project initiatives Scheduling all critical decision-Ǉƻƛƴǘǎ ƛƴ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƭƛŦŜŎȅŎƭŜ 
along with the identification of the information needed 

Evaluation N/A 
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Effective BIM implementation in the planning and procurement stages will reduce cost 

variation and make the project more accommodating, thus more socially sustainable 

(Holzer, 2009). According to Zuo and Zhao (2014), social sustainability affords a healthy 

and safe environment for all the involved stakeholders. Moreover, BIM implementation 

can enhance the efficiency and effectiveness of the project development processes mainly 

by eliminating unnecessary waste from the re-planning and re-working (Gibbs et al., 2015).    

To solve planning issues around climate conditions, site information, site location, 

transport infrastructure and ecological value, the civil 3D, Auto-CAD and BIM software 

were used alongside other environmental software packages to deliver the Tent Hotel in 

Hengshan NaShan village (Bonenberg and Xia, 2015). Moreover, a Development Strategy 

Simulator (DSS) and Development Strategy Formulation and Evaluation Methodology 

(DSFEM) are automated BIM systems, which were created to support the ǎǘŀƪŜƘƻƭŘŜǊǎΩ 

decision-making in the planning phase by evaluating alternative plans based on a 

visualisation of the actual design and construction retrieved from the integrated system 

(Kim, Kim, Fischer & Orr, 2015). These studies were conducted to improve the 

environmental, economic and social aspects of sustainability through optimising decisions 

using BIM in the planning phase.     

Chong et al. (2017) conducted a review of publications between 2011 and 2016 to 

ŘŜǘŜǊƳƛƴŜ άthe current state-of-the-art of BIM ŘŜǾŜƭƻǇƳŜƴǘ ŦƻǊ ǎǳǎǘŀƛƴŀōƛƭƛǘȅέ. Ninety-

one studies and thirty-six standards and guidelines were found. He concluded that despite 

the importance of the planning phase, there is still a lack of innovative research about BIM 

implementation in the project planning and procurement systems for sustainability.  

3.5.1.2 BIM Supports Sustainable Design  

The design is the core of both BIM standards and guidelines where sustainability depends 

on the matter of design (Chong et al., 2017). A study by Lim (2015) showed that 

sustainability simulation through BIM during the pre-design stage or early in the design 

phase is crucial for evolving a sustainable building design. BIM can virtually construct 

buildings before the construction phase, which effectively assesses their constructability 

and resolves any uncertainties during the process that could affect building sustainability 

performance. Moreover, BIM facilitates ǘƘŜ ǳǎŜ ƻŦ ΨǊŜŘǳŎŜ ŀƴŘ ƻǇǘƛƳƛǎŜΩ ŀǇǇǊƻŀŎƘes by 

the design team, which helps achieve sustainability goals (Kumanayake and Bandara, 

2012). Sustainability goals for a project can be categorised into three overlapping 
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dimensions corresponding to the triple bottom line of sustainability, namely the 

environment, economy and society (see Figure 3.6).  

In the environmental dimension, most of the BIM applications were developed to tackle 

environmental sustainability issues in the design phase with the focus on building 

performance analysis, such as integrated building performance optimisation (Asl et al., 

2015), lighting simulation (welle et al., 2012), CO2 emission analysis (knight, 2011; Basbagill 

et al., 2013) and energy performance analysis (Wong and Fan, 2013; Schlueter and 

Thesselling, 2009; Shrivastava and Chini, 2012; Kim and Anderson, 2012). These 

applications can lead to better and more efficient designs that optimise energy usage, 

promote passive design strategies and limit wasted resources (Eastman et al., 2008) by 

providing, in the early design stage, increased visualisation and integration in the views of 

building performance.  

Environmental Factors:
Site and Land Use 
Energy
Water
Materials
Air

BIM implementation:
Orientation 
Shadow
Light Path 
Heating and Cooling 
Energy performance Analysis

Economic Factors:
Innovation
Capital efficiency
Growth 
enhancement  
Long-term 
Resources 
Productivity 
Low running Costs 
Operating Cost
Maintenance Cost 
Revenue
Risk management 

BIM implementation 
Cost Estimation 
Quantity Surveying
Enhance collaboration 

Social Factors:
Dependent
Health
Well-being 
Comfort  

BIM implementation 
Orientation 
Shadow
Light Path 
Heating and Cooling 
Load Analysis 

Independent 
Social and Cultural Values 
Human Design 
Community

Environment 

Economic Social

BearableEquitable

Sustainable 

Viable

 

Figure 3.6: Triple sustainable factors and BIM implementation, adapted from Pearce, Han Ahn and 
Global (2012) 
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Hartmann et al. (2012) stated that BIM has a direct, significant impact on the economic 

dimension of sustainable construction through the process of risk management and cost 

estimation during the design phase. For risk management, project managers can 

incorporate the fourth dimension of BIM (time) in their analysis to estimate the ǇǊƻƧŜŎǘǎΩ 

risks more effectively and make them more cost-effective and progressive, which will have 

an impact on reducing project costs (Zhang and Hu, 2011). Despite the benefits associated 

with this process, it cannot be considered as a sustainable approach until it includes the 

environmental benefits and promotes the quality of life concepts in its calculations; social-

oriented values and human well-being should be included in their priorities (Sassi, 2006).   

Moreover, other aspects of BIM implementation can influence the economic efficiency by 

ŜƴƘŀƴŎƛƴƎ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ŀƴŘ ŎƻƭƭŀōƻǊŀǘƛƻƴ, which leads to promoting 

building management, saving time and reducing wastage, and thus reducing project cost 

(Hartmann et al., 2012; Eastman et al., 2011).  

The occurrence of social sustainability has been defined by the Western Australia Council 

of Social Services (WACOSS) as: 

When the formal and informal processes; systems; structures; and relationships 

actively support the capacity of current and future generations to create healthy 

and liveable communities. Socially sustainable communities are equitable, diverse, 

connected and democratic and provide a good quality of life. (WACOSS, 2000) 

The improvement of social sustainability is considered within the improvement of the 

economic and environmental aspects of sustainability, which results in comfort and health 

as well as promoting human well-being (Sassi, 2006; Eere, n.d). Soltani (2016) classified 

the interaction between social sustainability and BIM into two categories: dependent and 

independent features. Dependent features can be quantified and measured through 

environmental assessments, which BIM can support, such as lighting and energy 

performance. Therefore, improving some environmental features in the process of 

sustainable design can promote health and enhance performance while negative 

environmental conditions can lead to health disorders, such as discomfort, stress and 

absenteeism. Independent features from other variables which are mainly qualitative in 

nature, such as community, social and cultural values and human design-related features, 

also have a role to play (Sassi, 2006). Improved environmental quality, knowledge transfer, 

minimised risks from pollutants associated with building energy use and neighbourhood 
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restoration are other ways to improve quality of life on the social scale through the design 

stage (Eere, n.d).             

3.5.1.3 BIM Supports Sustainable Construction  

Many standards especially in the US have encouraged and stipulated the use of BIM in the 

construction phase. The Los Angeles Community College District (LACCD) (2016) has 

encouraged the contractors to issue a schedule based on a 3D BIM model that is linked to 

the sequence of construction. The Port Authority (TPA) (2016) stipulated that BIM 4D 

(time) and 5D (cost) should be used for logistic planning, interface management and 

project forecasting.  

The construction phase has a significant effect on the environment in terms of many 

aspects, such as carbon emissions (Mah et al., 2011), resource consumption, noise 

pollution and waste generation (Liu et al., 2011; Chang et al., 2017). BIM provides various 

effective solutions for mitigating such environmental impacts as BIM can facilitate project 

information. Zhang et al. (2016) found that the information embodied in BIM is suitable 

for fabricating modular units, which will reduce site disturbance, wastage from the costly 

construction materials, air pollution and enhance design change flexibility and re-use 

(Zhang et al., 2016).  

For construction planning support, a BIM-based automated framework has been created 

to generate dynamic site layout models (Kumar and Cheng, 2015). The aim was to 

optimise the travel distance of construction personnel and equipment for this framework 

by using an algorithm with genetic algorithms. It was found that the use of information 

embedded in the BIM models have helped achieve a 13.5% reduction in the total travel 

distance compared to conventional methods.  

The performance gap is that which exists between design intent and the actual building 

which could reduce the chances of delivering a sustainable building design. The reasons 

for this gap have been widely studied (Menezes et al., 2012; Zero Carbon Hub, 2014; 

Bordass et al., 2001). The substitution of products on-site is one of the major reasons for 

such a gap, which could lead to improvising certain modifications that are detrimental to 

the fabric performance and also creating less thermal efficient materials (Carbon Hub, 

2014). BIM contributes by monitoring the construction progress. The ΨScan-vs-BIMΩ 

technique was created by Bosche et al. (2015) to track the mechanical, electrical, and 
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plumbing (MEP) elements between as-planned and as-built. Matthews et al. (2015) also 

created a cloud-based BIM to provide real-time information on the reinforced concrete 

structure on-site. As having access to information of the performance of a building project 

will help improve the decision-making of both the contractors and designers, thus 

ensuring project deliverability are met and the performance gap is minimised (ibid).   

3.5.1.4 BIM Supports Sustainable Operation s and Maintenance 

The operation phase has a significant role in maintaining the sustainability of the built 

environment. In ǘƘŜ ƻǇŜǊŀǘƛƻƴ ǇƘŀǎŜΣ ƛǘ ƛǎ ŜǎǎŜƴǘƛŀƭ ǘƻ ƳƻƴƛǘƻǊ ǘƘŜ ōǳƛƭŘƛƴƎǎΩ ǎǳǎǘŀƛƴŀōƭŜ 

performance to verify the actual performance compared to the design phase set targets 

(Lu et al., 2017). This task is complicated due to the need for collecting the building's 

information from different stakeholders over various phases (Chong et al., 2017). 

Bernstein (2010) found that in the operation phase, BIM is an invaluable tool for 

monitoring the buildingsΩ sustainability performance. This is because BIM can contribute 

the ability to support the integration, supply and management of information over the 

building lifecycle (Häkkinen, 2008).  

BIM is also an adequate tool for supporting the data for maintenance (Akbarnezhad, 2012; 

Eastman et al., 2011; Cheng and Ma, 2013) due to its ability to manage the building 

information accurately (Liu and Issa, 2012), thus reducing the building maintenance costs. 

A strategy framework was proposed by Adeyemi et al. (2014) that incorporated zero 

emissions, lean thinking and green building into the BIM to minimise the maintenance 

costs.   

3.5.1.5 BIM Supports Sustainable Renovation and Demolition   

Globally, buildings consume 45% of the world energy (see Table 2.2). Moreover, it has 

been estimated that more than half of the existing building stock will still be in use in 

2050. Also, despite the focus on reducing emissions from new buildings, the existing stock 

remains mostly untouched, missing opportunities to reduce emissions and deliver zero or 

near-zero carbon buildings (Carbon Trust, 2008). Renovating the existing building stock is 

one of the most effective ways to minimise the carbon emissions by reducing the energy 

consumption in these buildings. This, in turn, will improve the indoor climate by mitigating 

the air pollution, which will lead to healthier living (Kyilili et al., 2015). 
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BIM applications were found to be beneficial in addressing these sustainability issues on 

the project renovation phase by providing feasible solutions (Bernstein, 2010). A number 

of researchers have demonstrated BIM usage on retrofit/renovation projects. For 

example, a research framework was proposed to improve BIM roles in energy-driven 

retrofits (Khaddaj and Srour, 2016). A sustainable deconstruction strategy was proposed 

by Akbarnezhad (2014) which uses BIM-sourced information to retrieve the capital and 

energy invested in building components. Cheng and Ma (2013) created an integrated BIM-

based system to estimate the amount of waste generated from construction, renovation 

and demolition; therefore, it contributes to improving the sustainability of renovation and 

demolition projects to support project control.  

3.5.1.6 Summary: BIM Supports Sustainable Project Lifecycle 

As a summary, BIM can support sustainable buildings over the project lifecycle, including 

strategic definitions and briefing, design, construction, operation and maintenance and 

renovation and demolition (see Figure 3.7). Based on the current research, BIM can 

contribute to the sustainable building lifecycle in three ways: 

ǒ Visualisation is one of the primary applications of BIM, as mentioned in Section 

3.3.3. Therefore, the first BIM contribution is the ability to provide visual 

information that relates to building and process performance. This includes 3D 

models and walkthrough features. This will make stakeholdersΩ decisions more 

sustainably oriented.  

ǒ Secondly, the ability to exchange data embedded in BIM among multi-disciplinary 

users with different sustainability analysis tools and the automation of the design 

evaluation processes (Lu et al., 2017). 

ǒ Finally, BIM contributes by improving the collaboration and communication 

between various stakeholders during sustainable design, construction and 

operations (Grilo and Jardim-Goncalves, 2010). A new paradigm of a shared vision 

for all stakeholders working on the same project is offered by this integrated 

platform (Azhar et al., 2012).  
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Figure 3.7: BIM-supported sustainable projects lifecycles 

Despite these benefits of BIM over the different phases, there is still a lack of research 

about BIM implementation in some of these phases, such as project planning and 

procurement approaches for sustainability (Chong et al., 2017) and BIM for facility 

management (Dong et al., 2014). This research will investigate different procurement 

approaches adopted in the public sector in Jordan for better BIM implementation to 

achieve sustainability.  

3.5.2 BIM Supports Sustainable Building Assessment and Evaluation  

ΨSustainability analyses or building performance analysesΩ refer to various types of 

evaluation and assessment methods for determining the environmental performance of a 

building; these analyses include internal ones, such as the HVAC system optimisation and 

contextual analyses, as in site orientation, building massing and day lighting (Azhar and 

Brown, 2009). Fragmented information in the traditional delivery approaches causes the 

discontinuity of these sustainability analyses systems (Eastman et al., 2011). BIM 

contributes through the use of such technology as a database for data exchange and 

integration (Steel, 2012). Specifically, throughout the design process, BIM creates the 

opportunity to incorporate the sustainability measures by allowing multi-disciplinary 

information to be superimposed on one model (Autodesk, 2012), thus BIM can be used to 

analyse the buildings as fully integrated dynamic systems and adjust their construction 

process to enhance their sustainability (Holness, 2008). 

In BIM, much of the necessary data for sustainability are in the coordinated data sets of 

information that are naturally captured over the project lifecycle in the building 

information models. Furthermore, BIM integration with other performance analysis 
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software significantly simplifies these rigorous analyses (Azhar and Brown, 2009). Such 

integration could take the form of combining an energy-simulation tool with Revit 

Architecture. For instance, the lifecycle impact tool ATHENA impact estimator and Green 

Building Studio can be employed to study the use of different building materials and their 

impact on energy performance (Ajayi et al., 2015). Grafosoft, EcoDesigner and Archicad 14 

BIM were used by Tahmasebi et al. (2011) to calculate the energy consumption and 

carbon footprint of glazed windows, as a result to any changes made to the building.  

To integrate the sustainability software with BIM to perform a lifecycle analysis (LCA), 

direct access to BIM information is needed (Anton and Diaz, 2014). The typical flow of 

information in BIM-based sustainability analyses and BIM functions for such analyses are 

presented in Figure 3.8. Building BIM-based sustainable analysis can be performed based 

on the basic information embodied in BIM, such as building systems, building materiality, 

building geometry and internal load as well as the additionally entered information in the 

performance analyses software (Azhar and Brown, 2009). Based on previous research, the 

impact of BIM on these analyses can be categorised into eight main types: carbon 

emission, thermal comfort, acoustics analyses, water usage analyses, solar radiation and 

lighting analyses, natural ventilation system analyses, energy performance analyses and 

whole life cost analysis (Lu et al., 2017).  

As mentioned in Section 2.4.3, sustainable building assessment methods, such as BREEAM, 

GREEN, BEAM Plus and LEED, were issued by different countries to address building 

sustainability. Most of these assessment standard methods were criticised as they are 

based on the predicted performance, rather than the actual one (Tuohy and Murphy, 

2015). For example, it was found that 28% to 35% of the LEED buildings consume more 

energy than their άŎƻƴǾŜƴǘƛƻƴŀƭ ŎƻǳƴǘŜǊǇŀǊǘǎέ, as per floor area (Newsham et al., 2009). 

BIM can enhance the efficiency of such assessment methods through estimating and 

ƛƴǘŜǊǇǊŜǘƛƴƎ ŘƛŦŦŜǊŜƴǘ ƳŜǘƘƻŘǎΩ ŎǊŜŘƛǘǎ, ǿƘƛŎƘ ŎƻǳƭŘ ŜƴƘŀƴŎŜ ǘƘŜ ǎǘŀƪŜƘƻƭŘŜǊǎΩ 

understanding of these credits, thus ensuring the achievement of certification 

requirements. Moreover, stakeholders can choose more effective strategies through BIM 

to achieve the required building certification (Wu and Issa, 2014). BIM can also assist in 

applying and maintaining the certificates associated with different sustainable building 

assessment methods through facilitating the required documentation management (Lu et 

al., 2017).  
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Figure 3.8: BIM-based building sustainability analyses; typical information flow and BIM functions, adapted from Azhar and Brown (2009) and Lu et al. 
(2017) 
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3.6 CHAPTER SUMMARY  

Through the literature review, it was revealed that public sectors worldwide play a primary 

and significant role in implementing BIM through various national implementation 

strategies and plans. However, a lack of full commitment to BIM by public sector clients in 

Jordan was reported. This affects its status in both the private and public sector in Jordan 

as recent studies stated that BIM is still in a very primitive phase in Jordan. It could be said 

that the main reason is the paucity of studies on BIM adoption and implementation in the 

public sector in Jordan. Therefore, it is anticipated that this research will provide a unique 

insight into the current state of BIM usage in the public sector in Jordan. This would be 

achieved by exploring the extent of the adoption of BIM among the government, public 

contractors and consultants. In addition, this study attempts to measure the relative 

significance of BIM benefits and barriers to the public construction sector in Jordan.  

Research suggests BIM can help overcome many of the issues reported in the public 

buildings in Jordan, such as time delays, cost overruns and a lack of sustainability 

performance. Indeed, sustainability enhancement is among the main BIM benefits. 

Therefore, this chapter introduced the Sustainable BIM Triangle, which provides evidence 

that BIM adoption and implementation supports sustainability on different project phases 

from planning to demolition in addition to sustainability assessment.      

However, there are barriers to utilising BIM. These barriers are categorised under three 

main headings: business and legal, human/organisational and technical barriers. Current 

procurement strategies, which fall under the business and legal barriers, are considered 

among the most significant challenges to BIM implementation in the public sector. Thus, 

when many public clients around the world propose a range of actions to implement BIM, 

deploying collaborative procurement approaches seems to be the optimal solution. The 

next chapter discusses BIM implementation under various procurement approaches.  
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CHAPTER 4: THE IMPLICATION OF CONSTRUCTION PROCUREMENT 

ON BIM IMPLEMENTATION AND SUSTAINABILITY CONSIDERATIONS 

4.1 INTRODUCTION 

Public buildings in Jordan have been criticised due to their lack of design performance, 

especially in sustainability. This is because of political, cultural and economic reasons (see 

Chapter 2). BIM as an innovative technology can contribute and enhance buildings 

performance, especially in sustainability (see Chapter 3). However, construction 

procurement has been considered to be one of the principal business and legal BIM 

implementation challenges to the public sector. The key objective of this chapter is to 

review the literature that is pertinent to construction procurement and to analyse the 

implications of this on BIM implementation and sustainability. 

This chapter is comprised of six main sections: 

ǒ An overview of construction procurement. 

ǒ The implications of construction procurement on BIM implementation. 

ǒ The need for innovative procurement approaches to implement BIM. 

ǒ The implications of construction procurement on sustainability considerations. 

ǒ Construction procurement in Jordan.  

ǒ The justification for carrying out this research.     

4.2 AN OVERVIEW OF CONSTRUCTION PROCUREMENT  

Construction procurement is termed by several researchers and practitioners in the 

construction industry under different terms, such as the procurement approach, 

procurement systems, procurement methods, procurement delivery methods or project 

delivery methods. In recent years, these terms have become common and fashionable 

phrases in the construction industry (Rwelamila and Edries, 2007; Jin Lin et al., 2015). It is 

considered as a fundamental parameter that contributes to the success of the 

construction project and client satisfaction (Love et al., 2008; 2012). In principle, the 

procurement approach determines the overall framework for allocating the authorities 

and responsibilities of project stakeholders in the construction project (Rwelamila and 

Edries, 2007). 



79 
 

4.2.1 CONSTRUCTION PROCUREMENT DEFINITIONS  

Many definitions have been given for procurement in construction in the literature 

(Francom, Asmar & Ariaratnam, 2014). This is due to the misconception about the clear 

nature of procurement, and whether it is purchasing or a contract. Grilo and Goncalves 

(2011) have clearly stated that it includes both purchasing and contract providing services 

and merchandise. Table 4.1 represents the different definitions found in the literature.  

Table 4.1: Definitions of procurement in construction 

Construction procurement definition   Source  

The strategy that the clients adopt to buy resources and 

activities from specialists in the building industry to deliver 

a new building. 

(Root and Hancock, 

1996) 

άA process in which the ŎƭƛŜƴǘǎΩ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ 

objectives are elicited throughout the project life cycle, 

moreover, forming the power structureέ. 

(Dalgliesh et al., 1997) 

άŀ procurement system is an organizational system that 

assigns specific responsibilities and authorities to people 

and organizations, and defines the relationships of the 

ǾŀǊƛƻǳǎ ŜƭŜƳŜƴǘǎ ƛƴ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ŀ ǇǊƻƧŜŎǘΦέ 

(Love, Skitmore & Earl, 

1998, p. 221) 

άA collective process for the achievement of mutual 

benefit, where it adds value to the clients and profits for 

the participants through the contractual structureέ. 

(Koolwijk & Vrijhoef, 

2005) 

άA system that represents the organizational structure 

adopted by clients for the implementation of project 

processes and eventual operation of the projectέ. 

(Chan, 2007) 

άA comprehensive process by which designers, 

constructors, and various consultants provide services for 

design and construction to deliver a complete project to 

ǘƘŜ ƻǿƴŜǊέ. 

(Molenaar et al., 2009)  

άThe set of relationship, roles, and responsibilities of 

project team members and the sequence of activities 

ǊŜǉǳƛǊŜŘ ŦƻǊ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ŎŀǇƛǘŀƭ ǇǊƻƧŜŎǘέΦ 

(Park et al., 2009) 
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άA mechanism for linking and coordinating members of 

the building team throughout the building process in a 

unique systematic structure, both functionally and 

contractually. Functionally via roles, authority and power, 

contractually via responsibilities and risks. The main aim is 

to deliver a project that meets its objectives and fulfil the 

ŎƭƛŜƴǘ ŎǊƛǘŜǊƛŀ ŀƴŘ ŜȄǇŜŎǘŀǘƛƻƴǎέΦ 

(Naoum, 2011) 

άAn organisational structure that arranges specific relationships 

and authorities to the participants, defines the relationship of 

key elements in the construction project and acts as a 

management framework to the client for the management of 

ŘŜǎƛƎƴΣ ŎƻƴǎǘǊǳŎǘƛƻƴ ŀƴŘ ŜǾŜƴǘǳŀƭƭȅ ƻǇŜǊŀǘƛƻƴ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘέΦ 

(Gamage, 2011) 

άA strategy to satisfy client's development and/or 

operational needs with respect to the provision of 

constructed facilities for a discrete lifeŎȅŎƭŜέΦ 

(Poplic et al., 2014) 

άA comprehensive process by which a facility is designed 

and constructŜŘέ  

(Francom et al., 2014) 

άǘƘŜ ǇǊƻŎŜǎǎ ōȅ ǿƘƛŎƘ ǇǊƻŘǳŎǘǎ ŀƴŘ services are acquired 

from an external provider for incorporation into the 

ǇǊƻƧŜŎǘΣ ǇǊƻƎǊŀƳƳŜ ƻǊ ǇƻǊǘŦƻƭƛƻέ 

(APM, online) 

ΨǘƘŜ ǎǘǊŀǘŜƎƛŎ ǇǊƻŎŜǎǎ ƻŦ Ƙƻǿ ŎƻƴǘǊŀŎǘǎ ŦƻǊ ŎƻƴǎǘǊǳŎǘƛƻƴ 

ǿƻǊƪ ŀǊŜ ŎǊŜŀǘŜŘΣ ƳŀƴŀƎŜŘ ŀƴŘ ŦǳƭŦƛƭƭŜŘΩ 

(Hughes et al., 2015, p. 

11) 

It can be concluded from the various definitions in Table 4.1, that there is no single 

commonly accepted construction procurement definition. These definitions suggest that 

construction procurement consists of a wide range of processes which are interrelated 

and sequential in nature. Depending on the various definitions and descriptions in Table 

4.1, this research defines construction procurement as a set of tasks that govern the 

activities undertaken by clients, consultants and contractors to plan, design, assess, 

purchase and construct projects in order to deliver the required end-product to the client.  

This definition is adopted to ensure that this research tackles any aspect of construction 

procurement that could influence BIM implementation.  
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4.2.2 Construction Procurement Approaches   

Many construction procurement approaches have been developed over the last few 

decades (Jin Lin et al., 2015). Construction procurement approaches (see Figure 4.1) can 

be classified into four main categories: cooperative and separated, management-oriented, 

integrated procurement and innovative approaches (Mante et al., 2012; Love et al., 2008; 

Bolpagni, 2013).  

Construction Procurement 
approaches 

Cooperative 
and separated 

Management 
Oriented Integrated

¶ Sequential approach 
Design-Bid-Build 

(DBB)

¶ Construction management 
(CM)

¶ Management Contracting 
(MC) 

¶ Design and Build 
(DB)

¶ Integrated Project Delivery (IPD)
¶ Early BIM Partnering (EBP)
¶ Project Alliancing (PA)
¶ Cost Led Procurement (CLP)
¶ Two Stage Open Book
¶ Project Alliancing (PA)

Innovative

 

Figure 4.1: Procurement approaches classification Bolpagni (2013), Love et al. (2008) and 
Rwelamila and Edries (2007) 

4.2.2.1 Cooperative and Separated Procurement Approaches  

In these types of procurement approaches, consultants and contractors carry out the 

project development activities in a sequential order, one after another (Nikou et al., 2014). 

Project activities start from feasibility studies, design and construction activities to handing 

over the project (Rwelamile and Edries, 2007). The main characteristics of such 

approaches are the separation between the design and construction phases in which little 

or no interaction between consultants and contractor organisations occurs (Mante et al., 

2012). In these approaches, the client signs two separate contracts with the consultants 

and contractors in which the majority of the design and drawings preparation are 

ŎƻƳǇƭŜǘŜŘ ǇǊƛƻǊ ǘƻ ǘƘŜ ǎƛǘŜ ǿƻǊƪǎΩ ŎƻƳƳŜƴŎŜƳŜƴǘ όwǿŜƭŀƳƛƭŀ ŀƴŘ 9ŘǊƛŜǎΣ нллтύ.   

4.2.2.2 Management Oriented Approaches  

In these approaches, an organisation is appointed to manage and coordinate the design 

and construction phases of a project. It has been stated that: 
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Under a management-oriented procurement system, the management of the 

project is carried out by an organisation working with the designer and other 

consultants to produce the designs and to manage the construction work which is 

carried out by contractors. (Thwala and Mathonsi, 2012, p. 16) 

The most common approaches are construction management and management 

contracting. The main difference between the two is that the former is based on managing 

the trade contracts in which the client is responsible for placing the contracts. The latter is 

where management contractors are contracting works contractors directly.  

4.2.2.3 Integrated Approaches  

In these approaches, the main feature is that both the design and construction work are 

carried out in parallel (Migliaccio et al., 2009). The responsibility for the design and 

construction are integrated or combined into a single contracting organisation. According 

to Konchar and Sanvido (1998), having a single contracting organisation that is responsible 

for both the design and construction is the main benefit of these approaches for the client.  

4.2.2.4 Innovative Procurement Approaches  

Innovative procurement approaches are new approaches that have become popular in the 

AEC/FM industry in order to enhance collaboration between the different parties involved 

in the process. There are six main approaches identified in the literature: integrated 

project insurance (IPI), project alliancing (PA), integrated project delivery (IPD), two-stage 

open book, cost led procurement (CLP) and early BIM partnering (EBP) (Bolpagni, 2013). 

IPD and PA have been established to create a cooperative environment and to form 

collaboration environment between the construction project stakeholders that reaches a 

new level. CLP, IPI and two-stage open book were established and trialled by the UK 

government to enhance collaboration and integration aimed at reducing the public 

projectsΩ cost and enhancing sustainability. EBP was established according to the existing 

procurement in the public sector in Canada, and it aims to smoothly introduce BIM to the 

current working processes.    

4.2.3 Tendering Procedures  

The terms procurement and tendering are usually used interchangeably without looking at 

the actual meaning of both. According to Garner (2014), this led to confusion about the 
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differences between the meanings of these terms. Different procurement approaches are 

defined in Section 4.2.1. Tendering, on the other hand, is a stage in the construction 

procurement. It can be defined as a process of purchasing or the bidding process in order 

to obtain a price and appoint a contractor (Garner, 2014). Appointing a qualified 

contractor is amongst the critical issues for delivering a successful project (Mohemad et 

al., 2011). The general tender process includes the tender specification preparation, 

invitation to the tender, submission of the tender documents by the bidders, evaluation of 

the proposals and tender awarding (see Figure 4.2). The mediator could be the consultant, 

project manager or construction manager. The provider could be the main contractor or 

trade contractors.  This depends on the procurement approach adopted.  

Owner Mediator Provider

Initiate project 
Tender specification 

preparation 

Invitation to tender 
View tender 

advertisement 

Tender aggregation 

Fill tender 
documents 

Purchase tender 
documents

Submit tender 
documents

Interest

Open tenders 

Assess tenders and 
select provider 

candidates

Short listed 
candidates 

Tender awarding Sign contract

End

Yes

No

 

Figure 4.2: Usual tendering process adapted from Mohemad at al., (2011) 
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There are three common types of tender strategy in the construction industry: single-

stage, two-stage and negotiated tendering (Garner, 2014). These strategies can be used 

within most of the procurement approaches; therefore, the chosen procurement 

approach should not affect the tendering strategy.  

4.2.3.1 Single-Stage Tendering   

The single-stage tendering strategy is frequently chosen; in this approach, the clients 

conduct a single-stage competitive tender to obtain a price for the construction work 

(Garner, 2014). A number of contractors compete by bidding for a project based on the 

same tender documentation. This occurs at the end of the design phase where the bidding 

contractors have a predetermined time for preparing and submitting their bids. The bids 

are then analysed in terms of their cost and quality, and a single contractor is assigned to 

ŘŜƭƛǾŜǊ ǘƘŜ ǘŜƴŘŜǊŜǊΩǎ ǿƻǊƪǎ όƛōƛŘύΦ   

4.2.3.2 Two-Stage Tendering   

The two-stage tendering strategy has become more common in recent years. This strategy 

is used if the design process benefits from the contractorΩǎ technical inputs. The basis of 

choosing the preferred contractor is based on the quality of the ŎƻƴǘǊŀŎǘƻǊΩs bid, their 

team, preliminary prices, profits and overhead allowances (Garner, 2014). Then, the 

preferred contractor is involved in the design stage on a consultancy basis using a pre-

construction services agreement (PCSA) to complete the design together before 

presenting a bid. 

For instance, the use of two-stage tendering under a traditional procurement approach is 

called the accelerated traditional procurement approach. The ultimate goal of this 

approach is to appoint the contractor earlier in the design phase on the basis of an 

agreement to undertake the pre-construction services (stage 1) with the intention that the 

parties will enter into a contract with a target cost, following a period of negotiation (stage 

2) (Donovan, 2017). 

In stage 1, the client tenders the project during the design stage on a competitive basis, 

but based on an incomplete design, outline price and programme of the works, prepared 

by the client design team. The contractors then submit a proposed method statement, 

construction programme, price of the preliminaries and overheads and the percentage of 
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the profits (Donovan, 2017). This stage includes a competitive tendering of the already 

designed work packages in addition to a lump sum for the pre-construction services and 

design fees. The client then appoints a ΨǇǊŜŦŜǊǊŜŘ ŎƻƴǘǊŀŎǘƻǊΩ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ a separate 

PCSA or the provision of an identified contract (ibid). 

In the second stage, the client is in a ŦƻǊƳ ƻŦ ŎƻƴǘǊŀŎǘ ƴŜƎƻǘƛŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ΨǇǊŜŦŜǊǊŜŘ 

ŎƻƴǘǊŀŎǘƻǊΩΦ ¢ƘŜ ǎŜŎƻƴŘ ǎǘŀƎŜ ƛǎ ǘȅǇƛŎŀƭƭȅ ŎƻƴŎƭǳŘŜŘ by an agreement on a lump-sum 

contract (Rawlinson, 2006). Figure 4.3 represents the process of the two-stage tender.  

Pre-qualification (main contractor 
tenderers)

Compile first-stage tender 

Identification of preferred contractor 

Sub-contractors selection 

Compile second-stage tender 

Agreement second-stage lump sum 
tender 

Awarding the main contract 

Programme

Method statement 

Pre-construction fee 

Preliminaries

Overheads and profits

Initial pricing and packages

First stage contractor

Agreement of subcontract terms

Risk allowances 

 

Figure 4.3: Two-stage tender process, adapted from Rawlinson (2006) 

4.2.3.3 Negotiation Tendering   

A negotiation tender is a single-stage tender with one contractor. In this tender strategy, 

the contractor proposes an initial tender price, and then a negotiation between the client 

and the contractor is carried out in order to reach a final price for the construction works 

(Garner, 2014).           
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4.3 THE IMPLICATION OF CONSTRUCTION PROCUREMENT APPROCHES ON 

BIM IMPLEMENTATION 

The construction industry is behind in the necessary transformation to improve 

technological development, sustainability, productivity and sufficient returns on 

investment (ROI) for the clients (Mostafa, 2016). The application of 2D CAD has a 

significant impact on improving the construction industry and the communication among 

projects stakeholders. However, it has been criticised for its inefficiency in dealing with 

issues such as sustainability, cost analysis and value engineering. These analyses are 

usually performed by the contractor after the completion of the design phase. 

Consequently, the required changes and inconsistencies are determined too late (Eastman 

et al. 2011). BIM has been introduced as a response to these issues, and it has been 

considered as one of the most effective organisational and technological innovations in 

the AEC (Succar, 2015). BIM is also considered as a potential solution for overcoming the 

current fragmentation in the construction industry (Hardin, 2009). BIMΩǎ various potential 

benefits are presented in Sections 3.3.1 and 3.5. 

To implement BIM effectively, the current construction processes should be altered at 

every level: the industry, organisation and project levels (Arayici et al. 2011). It has been 

argued that profound process changes are needed for effective BIM implementation on a 

project level (Volk et al., 2014), particularly to create a collaborative environment between 

multiple stakeholders over the project lifecycle (Pcholakis 2010; Laishram, 2011). Early 

stakeholder involvement will reduce any conflict of interest and will add their inputs to the 

design phase, which is indeed not achievable under the traditional procurement methods, 

such as DBB (Azhar et al., 2012). Therefore, it is suggested that clients should change the 

way that they procure buildings when implementing BIM to ensure a fully integrated, 

ŎƻƭƭŀōƻǊŀǘƛǾŜ .LaπŜƴŀōƭŜŘ ǿƻǊƪ ǇǊƻŎŜǎǎŜǎ (Foulkes, 2012). 

Ghassemi and Becerik-Gerber (2011) have identified the following aspects, which 

differentiate a collaborative procurement approach from a traditional method: (i) early 

and continuous involvement of key stakeholders; (ii) clear roles, responsibilities and 

communication lines; (iii) integrated project team consisting of clients, designers, 

constructors, specialist suppliers and facilities managers; (iv) common goals and 

collaborative decision-making; and (v) an integrated design process where design, 

construction and operations are considered as a whole.  
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A collaborative procurement approach will unlock the usefulness of BIM for clients by 

treating BIM as a shared resource for the facilities over their whole lifecycle; this will be 

from design conception through to the construction, operation phases, adaptive re-use 

and any alterations until the end of their useful operating lifecycle (Laishram, 2011). 

However, to date, procurement approaches were not chosen for their ability to deliver 

collaborative environments. For instance, in the UK (a country which is comparatively 

mature in BIM adoption), in a survey of construction experts from 70 organisations across 

the UK undertaken by the law firm Pinsent Masons in 2013, 66% of the respondents 

suggested that the selected procurement approaches were not fit for a BIM-enabled world 

(Withers, 2014). Therefore, BIM has been used in a relatively isolated way, with limited 

collaboration between designers and contractors within the projects. In order to reap BIM 

benefits in the construction industry, traditional procurement approaches need to be 

challenged from inception to completion and also demolition. 

The following subsections will investigate the implications of BIM implementation under 

various procurement approaches. According to Masurier et al. (2006), Molenaar et al. 

(2009), Love et al. (2012) and Nikou et al. (2014), the most common and preferable 

procurement approaches in the public sector are traditional DBB and DB whilst the CM 

method is the least favoured one compared to the other two approaches. Each of the 

procurement approaches will be discussed and explored in order to find their advantages 

and disadvantages for BIM implementation. IPD is also discussed as it has been defined in 

the literature as the optimum procurement approach for BIM implementation.  

4.3.1 Traditional (DBB)  

This approach is the oldest, but it is still the most popular amongst the separated and 

cooperative approaches (Eastman et al., 2011, p. 4; Francom et al., 2014); therefore, it is 

called the ΨtǊŀŘƛǘƛƻƴŀƭ ƳŜǘƘƻŘΩ όTurner, 1990, p. 48; Lahdenperä, 2001). This method has 

been widely used all over the world for many decades for delivering public and private 

sector projects (Thwala and Mathonsi, 2012). The main principle of this approach is that 

the design and construction phases are separated, as are the ǎǘŀƪŜƘƻƭŘŜǊǎΩ ǊŜǎǇƻnsibilities 

(Shrestha et al., 2012). Despite this separation between the client, consultants and 

contractors, this approach allows for cooperation between them. This is why this approach 

earned its other name Ψǎeparated and cooperativeΩ (Masterman, 2002). Figure 4.4 

represents the project organisational structure for the traditional procurement approach.  
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Client 

Consultants Contractor 

Sub-contractorsSuppliers Architect Other consultants 

 

Figure 4.4: Project organisational structure for the traditional procurement approach (Maricopa, 
2011) 

In the DBB approach, the design should be completed, followed by an (open) competitive 

tendering for contractor selection, signing the contract and then proceeding with the 

construction phase (Eriksson and Westerberg, 2011; Pishdad-Bozorgi et al., 2012). Bids can 

be opened either publicly or privately depending on project type, and usually the 

contractor with the lowest responsible bid is selected under DBB (Eastman et al., 2011). 

Selective and negotiation tender procedures can also be implemented under DBB instead 

of the open competitive tender procedure (Rosmayati et al., 2010; Thwala and Mathonsi, 

2012). The mains steps under the DBB approach are as follows (Turner, 1990, pp. 48, 50): 

ǒ Client defines the need to build and the work purpose. 

ǒ Client defines the requirements of the technical proposals.  

ǒ Design team develops design drawings and cost control. 

ǒ Client approves the design work. 

ǒ Preparing tender documentation. 

ǒ Inviting tenders to tender. 

ǒ Contractors prepare their proposals. 

ǒ Selecting a tender, thereafter signing a contract. 

ǒ Contractor proceeds with constructing the building. 

ǒ Testing the building.    

The main advantages and disadvantages of adopting a DBB approach are represented in 

Table 4.2.  
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Table 4.2: Advantages and disadvantages of the DBB approach (Morledge et al., 2006; Turner, 
1990; Hardin 2009; Eastman et al., 2011) 

Advantages Disadvantages 

All the tendering contractors are 

bidding on the same basis, thus there 

is a competitive fairness  

The processes are sequential, which affects 

the project duration to be longer than 

other delivery approaches  

The client can facilitate a high level of 

functionality and bespoke quality in 

the design as this approach is design 

led where the client is able to have a 

direct influence  

The design is developed away from the 

technology and build ability as the 

contractor is involved late in the process 

after the design is 100% completed  

¢ƘŜ ŎƭƛŜƴǘΩs financial commitment is 

known at the tender stage before 

commencing the construction   

Contractors often bid a low price to win 

the project with the intention of 

compensating the difference through 

raising variation claims at a later stage, 

which will cause disputes between the 

client and the contractor 

DBB procedures are well known, thus 

instilling confidence in the 

stakeholders  

Although the designer should include 

sufficient information and details in the 

tender documents, they tend to include 

minimal details, which cause errors and 

disputes on fabrication  

Client changes in the design phase are 

reasonably easy  

Collecting information for facility 

management after completing the 

construction phase is not an easy task    

Reasonable price certainty at contract 

award  

 

The integration between the different stakeholders is limited due to the fact that the 

responsibility of the design and construction are separated; the architects and engineers 

are responsible for the building design, and the construction phase is the contractorǎΩ 

responsibility. These stakeholders do not work together efficiently as they usually have 

competing interests and because of a lack of information interoperability, which 



90 
 

influences the communication, integration and coordination (Lu et al., 2014). Love et al. 

(2012) described the cause of the issues under DBB as follows:  

DBB procurement has contributed to the so-called (procurement gap) whereby 

design and construction processes are separated from one another. This 

procurement gap is considered to inhibit communication, coordination, and 

integration among project team members and can adversely affect project 

performance. (Love et al., 2012) 

BIM Implementation Issues under DBB 

In 2009, 32.7% of the BIM-based projects in the US were delivered through the DBB 

approach, and according to Cao et al. (2015), 88.7% of the BIM-based construction 

projects in China were delivered through DBB. However, the full benefits of BIM cannot be 

achieved under DBB because of the structures of this approach (Salmon, 2012). The late 

contractor involvement under the DBB approach is not ideal for implementing BIM 

processes as their input in the design phase is not taken into consideration (Eastman et al., 

2011). As a result, a disconnect will occur between the consultantsΩ and the contractorsΩ 

BIM models. The consultants may make assumptions about the contractorsΩ BIM 

requirements, which means that the contractor might not receive the necessary 

information (Holzer, 2015). Therefore, problems can arise from the design defects and 

materialsΩ selections in the construction phase, which could lead to time delays, overhead 

costs and increased tension between the project stakeholders (Talebi, 2014).   

Another problem with this approach is that BIM adoption in the tender stage is limited, 

and the BIM model is not treated as an official tender document. Therefore, the tenderers 

cannot rely on it, which could lead to a compromise in its application (Bolpagni, 2013).  

Designers under the DBB approach should describe the content of the BIM model and 

should limit the restriction of the model in order to allow the tenderers to use it, add 

specifications and check the compliance between the 2D drawing and the model (COBIM, 

2012). Moreover, so that the contractor can use the design of the BIM model, common 

languages such as IFC should be used in developing it. Porwal and Hewage (2013) stated 

that IFC is the most common format that supports BIM software; however, in places 

where BIM is still in its infancy, 2D drawings should be used alongside the BIM model in 

the tender document.   






























































































































































































































































































































































































































































































