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ABSTRACT 

The global construction industry's significant resource consumption and 

environmental impact underscore the urgency of sustainability. This research 

emphasizes the intersection of sustainability and construction, focusing on 

ecological, economic, and social considerations. It highlights Building Information 

Modelling (BIM) as a key enabler of sustainability within the construction value 

chain. 

Construction, vital to economic and societal development, necessitates 

sustainability as a core project objective. Efficient resource utilization, compliance 

with evolving sustainability standards, and effective collaboration among 

stakeholders are crucial. However, communication challenges often impede 

shared understanding and data integration. BIM emerges as a digital solution, 

unifying project phases, facilitating collaboration, and informed decision-making. 

In response to the global sustainability mandate, construction projects worldwide 

are adopting more effective approaches. BIM plays a pivotal role in enhancing 

efficiency, performance, and productivity. This research addresses a gap by 

presenting a framework to assess how building materials impact energy 

consumption within the BIM environment. 

The research aims to develop a comprehensive framework for promoting 

sustainability in construction projects through BIM. This involves investigating 

sustainable practices, assessing BIM's role in sustainability, selecting optimal 

engineering calculations, and creating an integrated framework. The framework's 

effectiveness will be evaluated through a hypothetical case study. 

Key research questions include BIM's alignment with sustainability, expected 

improvements in addressing sustainability issues, and the value of sharing 

sustainability calculations within the construction value chain. The thesis 

comprises seven chapters, including a literature review on sustainability and BIM, 

a detailed research methodology, a hypothetical case study, analysis of 

conduction heat transfer calculations, the development of a sustainable 

construction framework, and discussions, conclusions, and future directions. This 
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research seeks to empower the construction industry with a practical framework 

for embedding sustainability within the BIM environment, driving efficiency, 

environmental responsibility, and societal well-being. 

Keywords: Sustainability issues in construction, BIM Environment, Revit 

software, Heat transfer, Embodied carbon footprint, BIM collaborate Pro.  
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1 IDENTIFICATION AND SIGNIFICANCE OF THE 

RESEARCH PROBLEM 

1.1 Research Background 

The proportion of natural resources consumed by the global construction industry 

is considerable. For instance, it uses 16% of the water, 25% of the timber and 

40 % of the raw materials consumed, and approximately 40% of all the energy 

generated (Iyer-Raniga, 2019). It is also responsible for 35-40% of CO2 emissions 

and produces 30-40 % of waste (Safinia et al., 2017; Tokbolat et al., 2020). Thus, 

it is not surprising that sustainability in the construction industry is high on the 

agenda of governments, practitioners, and the academic community. Sustainable 

construction is considering ecological and environmental, economic (e.g., 

competition, costs, and construction time) and social (e.g., health and safety, 

local community needs) factors to be taken into account (Elawi et al., 2016). 

These last considerations can be grouped as “technical sustainability”, dealing 

with concepts that are related to the performance, quality, and service life of a 

building or structure and, typically, sustainability in construction is viewed in terms 

of the tripartite domains: environment, economy and society (Cruz et al., 2019). 

It also, of course, requires mechanisms for critically evaluating the success, or 

otherwise, of sustainability in construction projects.  

The construction industry has been considered a dominant factor in the 

sustainable development of economies and societies, nationally and 

internationally. This means sustainability generally is directly linked to the 

sustainability performance of construction related projects, which means 

sustainability should be a project goal (Cruz et al., 2019). Therefore, sustainability 

is an important factor in infrastructure projects in terms of durability, cost 

reduction, and involves multiple stakeholders with varying expectations.  

It is a requirement for the construction project manager to use the available 

resources efficiently to meet new standards and legislation introduced in respect 

of resource consumption and sustainable standards. Many actors are involved in 

construction projects, including contractors, clients, designers, architects, and 
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suppliers (Flores et al., 2018). In a construction project, different organizations 

are involved at different stages. Each stakeholder has their own perspective and 

vision for the final asset. The use of different tools, such as software packages 

and in-house techniques, can create communication challenges between these 

stakeholders. This can hinder a shared understanding of the project, as well as 

the integration of data and information. For this intention, Building Information 

Modelling (BIM) is a digital process that integrates different phases of a 

construction project into one coordinated working structure. This allows 

stakeholders to collaborate more effectively and make better decisions 

throughout the project lifecycle (Ahuja et al., 2020; Kreider & Messner, 2013). 

BIM uses a shared digital representation of a built asset to capture and manage 

information about the asset's design, construction, and operation. This 

information can be used to improve communication, coordination, and decision-

making (ISO 19650, 2018). The use of BIM can help construction projects by 

providing a deeper understanding of the project and its requirements. This can 

lead to better decision-making throughout the supply chain, as stakeholders have 

access to more accurate and up-to-date information. BIM can also help to 

redefine the construction process and the relationships between key 

stakeholders, saves time and cost and provides the most efficient design with 

customized tools for the customer to adjust outcomes of the project to their needs.  

In response to the growing concern regarding the need for increased 

sustainability, many construction projects around the world have endorsed the 

construction sector’s use of more effective approaches in projects (Correia, 

2019). An increasing awareness exists in the different elements in the 

construction value chain that embedding good practices regarding sustainability 

will increase efficiency, performance and productivity. For example, when 

working toward sustainability during the construction process, BIM can be used 

to facilitate the selection of material suppliers. 

The information that can be incorporated in BIM objects is already specified by 

existing guidelines and standards (ISO 19650, 2018). However, there is a lack of 

emphasis on sustainable dimensions and how such information should be 
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presented based on the level of development of the project. Currently, it is crucial 

not only to make the project's sustainable information accessible, but also to 

make that information accessible in a suitable way. This research presents a 

framework of addressing the sustainability issue of how, within the BIM 

environment, the materials used in the design of a building affect energy 

consumption to obtain better performance of the building. 

1.2 Research Aims and Objectives 

The aim is to develop a framework to enhance the sustainability of a construction 

project as part of the value chain based on the application of Building Information 

Modelling (BIM). This aim will be achieved by: 

1. Critically investigating the application of good practices in the construction 

sector regarding sustainability. 

2. Understanding how BIM applications are currently addressing 

sustainability in construction projects.  

3. Identifying and selecting the optimum engineering calculations to address 

the most common sustainability issues. 

4. Developing a framework for integrating sustainability good practices in a 

BIM environment.  

5. Evaluating the framework via a hypothetical case study. 

1.3 Research Questions 

1. How, currently, are BIM and its related dimensions and standards 

addressing sustainability?  

2. How will the applications of BIM improve the manner in which the identified 

issues regarding sustainability in construction are addressed? 

3. The value of sharing sustainability calculation result in BIM among the 

construction value chain? 

1.4 Thesis Structure 

The thesis comprises seven chapters as shown in Figure 1-1, with multiple 

sections and subsections included in each chapter. Chapter Two (Literature 
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review) presents an overview of sustainability and implementation of sustainable 

practices in the construction industry. Additionally, the chapter provides an 

overview of BIM practices throughout the construction value chain, as well as a 

review of sustainability research conducted within the BIM environment. Chapter 

Three (Research methodology) outlines the various phases of the study based 

on the research objective, with each phase containing key tasks and deliverables. 

Chapter Four (The case study) presents the detailed structure of the hypothetical 

case study. The results of the experiments are then analysed and discussed. 

Chapter Five (Conduction heat transfer calculation) concerns the calculation of, 

and discussion about, the heat transfer rate in the case study. Chapter Six (The 

development of a sustainable construction framework based on BIM) presents a 

construction sustainability framework in the BIM environment and validates its 

application regarding the carbon footprint results for the case study. Finally, 

Chapter Seven (Discussions, Conclusion & Future work) summarises the findings 

of the thesis and suggests possible avenues for future work. 
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Figure 1-1 Thesis Structure 

1.5 Closing Remarks 

 By laying out the aim and objectives of the research, this chapter has set the 

stage for the rest of the study. This chapter also identifies the rationale for 

conducting research into developing a framework to enhance the sustainability of 

a construction project as part of the value chain based on Building Information 

Modelling. Moreover, the discussion provides an outline of the methodology used 

in the current study to attain its objectives. The next chapter looks at the relevant 

literature to help focus the research topic. 
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2  LITERATURE REVIEW  

2.1 Introduction  

This chapter provides an overview of the latest developments in sustainability 

and BIM research in the construction industry. It covers key aspects such as the 

implementation of sustainability and common issues encountered in the sector. 

It also discusses ISO standards and various BIM applications. The chapter 

highlights the importance of incorporating multiple elements into the management 

of information across the construction value chain to ensure that best practices 

are utilized. This approach serves as the foundation for developing an effective 

sustainable construction framework in BIM for managing construction projects. 

2.2 Overview of Sustainability and Sustainable Construction 

2.2.1 Definition of Sustainability 

The term "sustainability" encompasses various perspectives and definitions, 

particularly in the context of addressing global environmental challenges. One 

common interpretation, as articulated by Yates (2013), defines sustainability as 

economic growth that meets the needs of the present generation without 

compromising the ability of future generations to meet their own needs. 

Additionally, sustainability has been employed to promote the concept of the triple 

bottom line, emphasizing the interconnectedness of social, environmental, and 

financial aspects in corporate society, as advocated by (Glass, 2012). 

In the context of this research, the focus on sustainability aligns with the broader 

consensus among scholars, including (Awadh, 2017a; Elmqvist et al., 2019; 

Jum’a et al., 2022; Moore et al., 2017; Virtanen et al., 2020). Sustainable 

development, as understood within this framework, entails several key elements 

for achieving a high quality of life for both current and future generations. These 

elements include the responsible protection of the environment, efficient 

utilization of natural resources, social progress that meets the diverse needs and 

desires of all individuals, and the maintenance of robust economic growth. At its 

core, sustainable development is characterized by a holistic perspective that 

integrates economic, social, and environmental factors. This encompasses 
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practices such as cleaner production, pollution prevention, and the design and 

implementation of environmentally conscious architectural and structural 

solutions for buildings, as advocated (Virtanen et al., 2020). 

2.2.2 Concept of Sustainability in Construction. 

To achieve sustainability, responsible construction is required which develops the 

notion of sustainable construction. This can be defined as the search by those 

participating in a project for alternative ways of undertaking activities to align with 

the principles of sustainability, see section 2.2.3. This underscores how important 

the notion of sustainable development has become in the construction industry. 

However, there are several different ways in which sustainable construction can 

be defined. Typically, it is defined as having zero impact which essentially means 

that construction activities do not exert a negative impact on the environment, 

society, or the economy (Mavi et al., 2021).  

Different ways of examining how sustainability have been addressed in 

construction projects. For instance, a seminal study by Marcelino-Sádaba et al., 

(2015) illustrated how such projects are implemented to ensure buildings and 

infrastructure have a greater level of sustainability. Sustainability is less 

concerned with accruing profits and more with the possible benefits to society, 

(Shen et al., 2010). However, this may create tensions between short-term 

economic goals and long-term benefits to the environment. Therefore, to attain a 

mutually advantageous equilibrium, a balance must be struck between them. To 

facilitate this, prior to conducting a project, a feasibility study should be performed 

that includes elements of sustainability, as this will help determine the overall 

success of the project (Shen et al., 2010). Sustainability is an undertaking driven 

by processes that have no single fixed path and can be attained through a variety 

of activities (Bridson et al., 2020). Developed in 1994, the concept of the triple 

bottom line indicates that sustainable construction can be achieved by focusing 

on social, environmental, and economic performance as equally vital dimensions 

in delivery of a project (Bamgbade et al., 2017). Thus, embedding a sustainability-

oriented element when creating a methodical workflow will form the foundation 

for the processes and practices that follow within a project. This will establish a 
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sustainable structure through which to deliver sustainable construction outcomes. 

Awadh, (2017), Chan & Lee, (2008), and Darko & Chan, (2017) have offered the 

following descriptions of sustainable construction with respect to environmental, 

social, and economic sustainability: 

• Environmental sustainability: This involves reducing energy consumption, 

and amount of waste produced through the effective and efficient use of 

natural resources; of managing structures or facilities in such a way as to 

reduce adverse impacts on the environment. 

• Social sustainability: This concerns promoting social harmony and 

establishing a safe and healthy environment for everyone by taking 

account of people’s needs throughout the duration of the construction 

process, including the subsequent life of the structure. 

• Economic sustainability: This involves creating cost-efficient structures 

that are fit for the purpose and/or meet users’ needs by reducing the 

operating costs and extending the service life of structures through 

efficacious, quick repair and maintenance systems. It also concerns 

elevating profits by best utilisation of construction resources such as 

labour, and materials such as water. 

2.2.3 Principles of Sustainability in Construction. 

Djokoto et al. (2014) proposed six principles vital to the success of sustainable 

construction practices or processes. These are as follows: 

• Utilising renewable and recyclable resources or materials. 

• Establishing a non-toxic and healthy environment. 

• Maximising reuse of resources.  

• Minimising consumption of resources.  

• Safeguarding the natural environment. 

• Ensuring high quality construction processes. 

(Harish Raju.P, Krithika, 2016) identified the following reasons why owner or 

programme managers may decide to practise sustainability: 

• Reduced liability. 
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• Reduced costs. 

• Productive and efficacious management and disposal of materials. 

• Improved community image. 

• Short-term and long-term corporate responsibility. 

Figure 2-1 depicts the benefits of sustainable construction offered by the triple 

principles. The key components of the triple bottom line are the following (Cruz 

et al., 2019; Goh et al., 2020a): 

Fitness for purpose: Each structure or facility that is built should fulfil the needs 

of users or society. 

Encourages the local community: This considers the local communities’ needs 

and ensures that they are fully engaged in the process of development. 

Encourage social cohesion: This nurtures social relationships, i.e., ensures 

equal employment opportunities for ethnic minorities, women, and people with 

disabilities: 

• Quality of life: enhanced for both current and future generations. 

• Culture and heritage: improved or existing culture and heritage preserved 

in a way that takes local styles of architecture into consideration; new 

projects should align with local, cultural, and historical contexts. 

• Whole lifecycle cost: it is essential to consider this when building a 

structure or facility. 

• Training and education: these should be provided to project participants 

and there ought to be a focus on sustainable construction subjects.  

• Land usage: promote the use of the most suitable sites for development 

and encourage mixed land usage. 

• Biodiversity: the long-term effects of construction on biodiversity should be 

considered. Biodiversity should be protected and improved, whereas 

threats to sites of special scientific interest, protected species, and local 

environmentally sensitive sites should be avoided. 

• Prevent pollution: reduce air pollution and the risk of water pollution and 

avoid/lessen the effect of emissions. 
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• Prevent the reduction of natural resources: limit their use, utilise them 

more efficiently, use renewable and sustainably sourced materials, 

avoiding those that have a negative impact on either people or the 

environment. 

• Reduce the effect of waste: limit the amount sent to landfill, reuse and 

recycle materials. 

 

Figure 2-1 Triple line principle (Ghaffarianhoseini et al., 2013) 

2.2.4 Construction Sustainable Design 

Sustainable design is a system that takes into account the life cycle of a project 

and its effect on energy resources and the environment. Thus, a core objective 

of sustainable design is to reduce the consumption of resources and materials, 

principally through sustainable construction (Kivilä et al., 2017). Sustainable 

design has a substantial role to play in lessening or at least preventing any 

increase in the effects of climate change and in controlling risks via the process 
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of adaptation. This is the first step on the path to attaining sustainable 

construction (Reading et al., 2012). In summary, to attain the best environmental, 

social, and economic outcomes, the principles of sustainable construction and 

sustainability must be enacted in a cohesive manner while addressing regional 

variation.  

Because sustainable construction practice is comparatively new, several issues 

still need to be addressed in order to know how to operate within the parameters 

set by the tenets of sustainable construction (Tabassi et al., 2016). For example, 

the positive effects of setting goals pertaining to one principle can offset the 

negative effects of others. Therefore, for sustainable construction, there is no 

universal panacea, which means it is essential that relevant stakeholders strive 

to achieve overall compliance by devising a feasible plan. 

2.3 Perception of Sustainability within a Construction Project 

Within the construction sector there is a range of disparate stakeholders whose 

emphasis on factors such as cost, time, and quality may vary from one to another. 

Emphasising one factor can mean doing so at the expense of others. In the 

majority of cases, stakeholders’ views of the role of sustainable construction in a 

project will vary with their view of how the components of sustainable construction 

accord with the aims of the project. Projects can therefore be undertaken using a 

variety of methods and approaches without certainty. Yılmaz and Bakış (2015) 

argue that such diversity of emphasis can make it problematic for project 

stakeholders to identify, with any clarity, the sustainable development 

requirements, or aspects they want to attain. Yet gaining agreement on 

substantive issues such as climate change, resource depletion, material 

utilisation, energy, and biodiversity that form the basis of sustainable 

development goals is vitally important to both current and future generations (Li, 

2011).  

2.3.1 Implementation of Sustainability in Construction Projects. 

In the contemporary construction industry, it is believed that acknowledging the 

elements that determine whether a project is successful are intertwined with the 
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activities undertaken during a particular assignment. Project participants 

responsible for enacting sustainability principles need to consider the entire 

process from the conceptual design stage to completion (Correia, 2019). Thus, 

sustainable construction should be implemented by emphasising both the 

advantages and negative effects that occur throughout the course of a project.  

Based on the life cycle of buildings and similar construction works, Ukaga et al., 

(2010) have identified and set in place the core tenets for ensuring sustainable 

construction which can be achieved by promoted and fulfilling six objectives. 

These are: (a) adopting a proactive stance; (b) enhancement of the construction 

industry; (c) decoupling economic growth from expanding negative effects; (d) 

innovation; (e) reconciling diverse interests that involve making short-term and 

long-term decisions; and (f) reducing negative effects, even when striving to 

improve values. By contrast, Bauer et al., (2010) and Kibert (2016) postulated 

nine goals that need to be attained in the (ISO 19650, 2018) to promote and 

implement sustainable construction. 

• Holistic approach: with regard to the life cycle of the construction project, 

this encompasses all areas of sustainability. 

• Equity: this consists of inter-regional and inter-generational 

considerations, ethics, and the triple bottom line. 

• Responsibility: this refers to moral responsibility for all actions undertaken. 

• Transparency: information about the materials and decision-making 

process should be truthful, all-encompassing, easily understood, and 

accessible. 

• Long-term thinking: this includes the long-, medium-, and short-term 

effects of decisions made. 

• Global thinking and local action: this consider global effects at a local level 

and how global policies and techniques affect local issues. 

• Involvement of interested parties: stakeholders should consider the roles, 

importance, timing, and opinions of all those involved. 

• Risk management: this should be applied in construction-related work to 

ensure all due precautions are taken. 
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• Continual improvement: there should be gradual improvements in the 

sustainability element of construction works. 

2.3.2 Construction Sustainability Issues. 

The most significant elements related to sustainability in construction projects are 

illustrated in the matrix presented in Table 2-1, with the relevant references given. 

Embodied Carbon footprint: Climate change and global warming are serious 

issues for the construction industry which is estimated to be responsible for 

emission of 30 per cent of CO2 and greenhouse gases. This is due to the 

extraction and manufacturing of construction materials, transportation, 

installation, maintenance and disposal of construction products and materials. 

The construction sector is making a great effort to adopt green practices – for 

instance, by selecting raw materials which have low embodied energy (Ajayi et 

al., 2019; Landolfo et al., 2022; Shurrab et al., 2019).  

Energy efficiency: The construction industry is estimated to be responsible for 

40 per cent of the world’s energy consumption. The lifecycle environmental 

impact of a building is significantly affected by energy savings obtained by using 

appropriate technological methods – for instance, the utilisation of solar panels 

and energy efficient air-conditioning, lighting and heating systems. The UK 

government has established a goal of attaining a 60 per cent energy reduction by 

2050. Buildings which consume a lower amount of energy, thereby leading to an 

enhanced living environment, are certified under the green rating system (Doan 

et al., 2017; Shurrab et al., 2019).
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Table 2-1  Different sustainability issues related to an asset. 

Element 

of 

Sustaina

ble good 

practice 

 

 

 

Referenc

e 

Embodie

d Carbon 

footprint 

Minimize 

the use of 

resource

s 

Sustaina

ble 

construct

ion site 

Embodie

d impacts 

and 

material 

life costs 

Supply 

chain 

reduced 

costs 

Water 

efficiency 

eco-

refurbish

ment of 

existing 

buildings 

Financial 

incentive 

and 

innovativ

e fiscal 

arrangem

ents 

Improved 

energy 

efficiency 

(Heat 

transfer) 

Off-site 

construct

ion 

methods 

Waste 

control  

Dinh & 

Dinh, 

2021 

 
x x x x x 

  
x 

  

Shurrab 

et al, 

2019 

x x 
    

x x x x 
 

Yılmaz & 

Bakış, 

2015) 

x x 
   

x x 
 

x 
 

x 
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Danso, 

2018 

x x x x 
 

x 
  

x 
 

x 

Pham & 

Kim, 2019 

x x x x x 
   

x 
 

x 

Sitota et 

al., 2021 

x x 
 

x x 
   

x 
 

x 

Zuo, Jin, 

& Flynn, 

2012 

x x x 
  

x 
  

x 
  

Al-Osta et 

al., 2022) 

x x 
 

x 
    

x 
 

x 

Cruz, 

Gaspar, & 

de Brito, 

2019 

x x x 
 

x 
 

x 
 

x 
 

x 

Olubunmi

, 2016 

     x  x    

Ajayi et 

al., 2019 

x x x x  x x   x  
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Waste control: Waste management policies are now adopted by the majority of 

principal contractors (Li et al., 2022). Construction creates a massive amount of 

waste, ranging from manufacturing and application of materials to demolition and 

disposal of structures. A systematic method at an operational standard ought to 

be applied by sustainable construction and should include the use of recyclable 

and renewable construction materials (Al-Osta et al., 2022; Shi et al., 2013).  

Cost control: Reduced transportation and energy costs, which are of long-term 

benefit to the environment, result in sustainable materials generating long-term 

savings in overall cost. Moreover, low-maintenance systems lead to a reduction 

in maintenance, repair, and replacement costs. The government offers monetary 

incentives to reduce the cost burden and motivate the private sector to become 

more sustainable. Such encouragement includes tax incentives, reduced 

development application fees, and direct grants. For instance, those who own 

green buildings are either granted tax deductions, or even offered complete 

exemption from paying taxes (Danso, 2018; Olubunmi et al., 2016; Sitota et al., 

2021). 

Water efficiency: Water conservation strategies and technologies are more 

frequently overlooked than any other element in a whole-building design strategy. 

However, the construction industry has the capacity to introduce water 

conservation methods into both new-build projects and refurbishments. This 

includes water efficient technology, such as reduced flow taps, low-water flush 

toilets, and domestic appliances, all of which can enhance energy and resource 

conservation (Akadiri et al., 2012; Dinh & Dinh, 2021). 

Minimize Resources: Locally available and manufactured materials such as 

clay, grass, sand, stones, thatches, timber, clay blocks and clay bricks ought to 

be prioritized when building houses, helping satisfy housing demand while 

optimizing the environmental performance of materials by lifecycle assessment 

(LCA). Of course, adaptive re-use, should also be considered (Cavalliere et al., 

2019; Park et al., 2017; Sizirici et al., 2021). 
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While the literature review highlighted the environmental, economic, and social 

sustainability practises in the building industry, BIM and construction managers 

were also interviewed, and the latter highlighted the challenges in selecting for 

sustainability, see Table 2-1. For example, selection of materials to minimise heat 

transfer, maximise energy efficiency and lower resource consumption which, in 

turn, can be incorporated into environmental concerns, such as CO2 reduction. 

The necessary information on the material provider, material type and material 

properties is an essential component of any administrative data system 

supporting a construction project. 

The embodied carbon footprint is a crucial sustainability issue because it 

accounts for a significant portion of a building's lifetime emissions. Reducing 

embodied carbon can contribute substantially to meeting climate goals, making it 

a key focus area for sustainable construction. Moreover, heat transfer in buildings 

directly impacts energy efficiency. Effective insulation and design measures can 

significantly reduce the need for heating and cooling. 

In summary, focusing on both embodied carbon footprint and heat transfer in 

construction is essential for advancing sustainable construction practices, 

reducing environmental impacts, and enhancing occupant comfort. These issues 

are recognized as critical by scholars and researchers, underscoring their 

importance in addressing sustainability challenges in the built environment. 

2.4 Overview of Building Information Modelling (BIM) 

2.4.1 BIM Definition 

BIM is an innovative modelling technology introduced in the architectural, 

engineering, and construction industries which includes all digital data throughout 

the life cycle of a construction project (Wan Mohammad et al., 2018). It was 

introduced by Charles Eastman in the 1970s, since when it has expanded in 

scope (Aryani et al., 2014). The construction industry in the USA had significantly 

increased its use of BIM by the late 1990s, following which it was introduced in 

other countries such as Singapore and the UK (Lee & Borrmann, 2020). 

Governments across the globe have acknowledged the potential of Building 
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Information Modelling (BIM) to reduce construction costs, save time, and 

minimize waste. Consequently, many governments have implemented 

regulations to promote and enhance the use of BIM in the construction industry. 

The UK, for instance, has made it mandatory, since 2016, for all public projects 

to employ BIM. Table 2-2 presents a list of countries that have implemented 

regulations regarding BIM, along with the dates of their first implementation. USA, 

Singapore, Denmark, Norway and Finland are regarded as early adopters, while 

France has been comparatively slower to adopt BIM. 

Table 2-2 Sample Governments Requiring Use of BIM (Author). 

 

2007 2010 2011 2012 2014 2015 2016 2019 

UK 

      

X 

 

Netherlands 

   

X 

    

Norway 

 

X 

      

Singapore 

 

X 

      

Denmark X 

       

USA X 

       

Hong- Kong 

    

X 

   

South Korea 

      

X 

 

Finland X 

       

France 

       

X 

As detailed in Table 2-3, BIM has been defined in different ways by a broad range 

of researchers and organisations. 

Table 2-3 Various definitions of BIM (Author). 

Reference Definition 

(Kumar, 2015) BIM is a technology and corresponding group of processes 
employed to develop communication and analyse information 
for the construction value chain. 
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(Gurevich, Sacks, 
and Shrestha, 
2017) 

BIM is a set of processes aimed at enhancing understanding of 

the project, enabling participants in the supply chain to 

communicate with each other and their clients. 

(Chong, Lee, and 

Wang, 2017) 

BIM is a process that handles the functioning of the 

construction value chain that denotes the physical and 

functional features of a building. 

(Musa, et al., 

2018). 

BIM is a set of processes aimed at enhancing comprehension 

of the project and facilitating communication between value 

chain, designers, contractors, and maintenance teams, also 

their clients and the public. (König, Koch, and 

Beetz, 2018) 

BIM refers to a wealth of in-depth information produced by 

stakeholders at all stages of a project life cycle from initial 

conception to final demolition. 

(König, Koch, and 

Beetz, 2018) 

BIM refers to the exchange of knowledge information resources 

between stakeholders throughout the life cycle of a project. It 

can be updated as and when needed. 

(Amuda-Yusuf, 

2018). 

BIM is a 3D model constructed to digitally encompass all data 

from the construction chain to enhance the extent to which 

asset solutions are optimised, as well as increasing the value 

before starting the project. physically. (Nanisa, et al.,  

2021) 

BIM is an intelligent digital 3D model designed to improve the 

project plan by denoting the physical and functional attributes 

of an asset. 

This researcher’s 

definition 

Presented in a single ‘BIM federated model’, BIM refers to the 

digital representation of an asset and manages the information 

relating to construction projects. 

Construction projects involve multiple parties such as designers, contractors, and 

clients. However, they often work independently and utilize different software, 

resulting in a lack of common understanding potentially leading to delays, 

additional costs, and discrepancies between the client's vision and reality. To 

address these challenges, the construction community has introduced the 

concept of Building Information Modelling (BIM), which aims to create a single 

integrated digital representation of the asset. BIM promotes collaboration and 

communication among all parties involved in the project and enables them to 

share a common vision, resulting in a more efficient and effective construction 

process as shown in Figure 2-2. 
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Figure 2-2 The Importance of BIM in construction industry (Author). 

2.4.2 BIM Objects 

A BIM object represents one single part of an asset, such as a door, wall, floor, 

or pipe. The geometric data, technical data and admin data can be added, 

updated or modified as illustrated in Figure 2-3. With clearer and more accurate 

information the BIM objects allow different members of the construction value 

chain to collaborate more efficient in carrying out an effective project plan (BIM 

Object - Designing Buildings, 2022). 

• Geometric Data: is used for formal geometric modelling (1D wireframes, 

2D surfaces, and 3D solids) to represent the different shapes of an object, 

whether a building space or a building. To build the BIM object libraries for 

a construction project a company must first locate the digital structure and 

physical characteristics of required objects (Al-Saeed et al., 2020). To link 

an objects’ data to lifecycle analysis in individual software applications, a 

direct, unique, and unambiguous name should be created for each entity 

whether a product or a space, or a construction activity. It is essential that 

the information related to each named entity is fully defined, and that each 

entity contained within the database is correctly paired with a BIM object 

(Pavan et al., 2019). 
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Figure 2-3 Illustration of the BIM object “window" (Author) 

• Technical information: is associated with the geometric data to provide 

engineering data (i.e., properties of the materials; surface finish, thermal 

conductivity, structural strength, etc.). In the process of building a BIM 

model, technical information is an essential element in completing the 

classification of an object and to capture its relationships with other objects 

(Issa and Olbina, 2015). Providing accurate details of parametric objects 

can accelerate the process of architectural model creation (Baik et al., 

2014). 

• Admin. information: Refers to the non-geometric data associated with a 

BIM object such as the object's name, description, manufacturer, model 

number, and other relevant attributes that are not related to the object's 

physical geometry. Admin. information helps to classify and organize BIM 

objects and provides crucial information to stakeholders throughout the 

construction project's lifecycle. (RIBA Enterprises Limited, 2017; 

McPartland, 2017).  

In the early stages of any project, designers must concern themselves with safety 

and its impact on, for example, constructability. The cross-linkages available in 

BIM models will greatly enhance this process. The information of the BIM object 

is clarified in BIM dimensions such as 2D, 3D, 4D, 5D, 6D and 7D and each BIM 



 

22 

object contains important information in each of these dimensions (Abbas et al., 

2022). 

2.4.3 BIM and Autodesk Revit 

Revit is a CAD system developed by a small company in Massachusetts, and 

then bought by Autodesk and dedicated to architecture and construction 

applications. It has now become one of the core CAD systems in the BIM 

environment. Like all BIM tools, it offers integration through applications such as 

Revit Structure, Revit Architecture, and Revit MEP. Architect designers and 

construction engineers can use these to construct their own model as each 

software program is standalone, although a common RVT extension can be used 

to link all the files (Memon et al., 2014). 

Regardless of the stage at which information is required, Revit provides data on 

both the design and quantities of the project. Also known as families, parametric 

elements denote the foundations for the design of all construction components 

under Revit (Shi & Xu, 2021). 

Revit has only the capacity to handle primary aspects of design such as 

architecture, structure, and MEP (Bellido-Montesinos et al., 2019). For all other 

cases, connections are available with particular applications that make use of the 

same BIM model. 

Revit is designed to work with other applications in the BIM process, allowing 

architectural designers and construction engineers to exchange data with 

different software programs and collaborate with other stakeholders involved in 

the construction project. Moreover, it has built-in tools that facilitate inter-

operability, and it supports a variety of file formats, making it possible to integrate 

with other BIM applications such as Industry Foundation Classes. Revit supports 

IFC files, allowing users to exchange data with other BIM applications that 

support the IFC format (Ignatova et al., 2018). 

Various exchange interfaces provided by Autodesk ensure inter-operability of all 

the aforementioned software. Revit is also compatible with other BIM software 

programs and can import and export data in a variety of formats, such as DGN, 
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DWG, DWF, DXF, SAT, and SKP. The software is used in a variety of industries, 

including architecture, engineering, construction, and facilities management, 

making it a versatile tool for building professionals. To enable every project 

stakeholder to participate, all the readers, videos, and images that Revit 

generates can be exported to common extension files such JPG, TIF, BMP, PNG, 

TGA, or AVI (Vonthron et al., 2018). 

2.4.4 BIM Dimensions 

BIM dimensions are adopted at each stage to enhance the level of the 

collaboration and information exchange among the participants in the 

construction value chain (Abdel-Hamid & Abdelhaleem, 2021). These dimensions 

are defined to support the project data to be added to the BIM model using the 

CAD system. Figure 2-4 demonstrates the combinations of BIM dimensions that 

enables the project team to visualise, analyse and communicate problems to 

improve productivity (Charef, 2022; Montiel-Santiago et al., 2020). The BIM 

dimensions are defined as: - 

 

Figure 2-4 BIM Dimensions (Charef, 2022; Montiel-Santiago et al., 2020) 
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• 2D - is the earliest stage of construction building. In this stage the design 

model is made by hand or with a computer aided design, using two 

dimensions, such as width and height. 

• 3D - is a shared information model (BIM) that creates the graphical and 

non-graphical data which will be shared through the common data 

environment.  

• 4D – Scheduling represents time and space, which will be added to the 3D 

model. 4D provides a clear representation of how the project is operating, 

often in a graphical way by using a visualised data format to improve 

construction quality management and effective collaboration over the 

lifetime of the project. It also allows optimal utilisation of resources (Charef 

et al., 2018). 

• 5D – Cost: Using competitive cost management within the BIM model 

enables better budget management, life cycle costing, and cost planning 

as well as evaluating the financial impacts of alternative scenarios that 

enhance the 4D BIM (Moses et al., 2020). 

• 6D – Sustainability: Monitoring and management in the BIM environment 

can be combined to build a comprehensive life cycle (GhaffarianHoseini 

et al., 2017). The utilisation of models provides for more accurate 

assessments of energy consumption, including updates which 

accommodate changes in building occupation and should lead to reduced 

energy consumption (Montiel-Santiago et al., 2020). 

• 7D – Facilities Management: Using the available project information 

combined with specific data from the operation and management of the 

project enables the BIM model to be extended to include facilities 

management. This enables the management of subcontractors and/or 

suppliers to be extended to the entire life cycle of the facility (Reizgevičius 

et al., 2018). 

2.4.5 BIM Standards 

The UK government has developed a strategy for implementing and introducing 

BIM Level 2 in 2011. Several Standards have established, such as BS 1192-4. 
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PAS 1192-2:2013, and PAS 1192-3:2014 (Pidgeon & Dawood, 2021). Table 2-4 

Classifies the BSI and ISO standards. These standards are for companies 

working at Level 2 (Dadmehr and Coates, 2019). ISO 19650 is an international 

standard for managing the data across the construction value chain which has 

the same principles and requirements as the BSI standard. In addition, ISO19650 

describes the concept and principles of model management as well as the 

delivery phase of the asset. ISO19650-1, 2018 outlines the concept and 

principles of the information delivery process for the construction value chain 

(Miceli Junior et al., 2020). 
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Table 2-4 Identifies relevant standards issued by the British Standards Institution 

(BSI) and International Organisation for Standardization (ISO) (Author).  
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2.4.6 BIM Level 

The adoption of technological developments into company practices, has taken 

the industry from the traditional approach into the digital era (Abbasnejad et al., 

2020). Nevertheless, the UK, Singapore and the US have realised that the full 

integration of the construction industry will be progressive and measured in terms 

of Levels 0 to 3 (Abdulkadir & Godfaurd, 2015), as shown in Figure 2-5. 

 

Figure 2-5 BIM Maturity Levels. PAS1192-2:2013 

Different companies have organised themselves to accomplish different levels in 

these elements and also different levels of integration (Oyesode et al., 2022). In 

the BIM environment, Levels 0 to 3 are called BIM maturity levels classified 

according to related available standards. 

• Level 0: The lowest level of integration which represent a lack of BIM, it is 

an incomplete level based on 2D and paper. The data in this level is 

exchanged through paperwork (Habib & Kadhim R., 2020). 

• Level 1: Pre-formed level, has a mix of 2D and 3D formats. The former for 

drafting and the latter for concept work. CAD standards are managed to 
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BS 1192:2007 (BSI, 2007). Level 1 can be improved to Level 2 by including 

technical and admin data (Musa et al., 2018). 

• Level 2: Is a 3D CAD model, in which all participants of the construction 

value chain collaborate to reach a common understanding throughout the 

project lifecycle, to achieve one single vision of a build (Fabozzi et al., 

2021). BIM level 2 uses different BIM softwares such as, Revit, ArchiCAD, 

SketchUp, etc., to design a project (architectural, structural and system 

design), which provides a significant change in the construction industry. 

In addition, the UK government claims to have reduced by waste in 

construction projects by 20% (Shafiq, 2021). BIM level 2 enhances the 

management of the environmental impacts such site waste (Jallow et al., 

2019) and improves the building project through cost, time and material 

savings (Blay et al., 2019). One way in which BIM level 2 enables 

construction companies to save cost and time is through a clash detection 

process carried out in the early stage of the construction value chain, 

another is to reduce the time spent on sharing the information across the 

construction value chain (Chahrour et al., 2021; Zieliński & Wójtowicz, 

2019). 

In the design stage, different models, such as an architectural design model, a 

structural design model, and a system design model are combined into a single 

model called the BIM Federated Model. A BIM federated model, even at the 

lowest Level of Development (LOD), requires the participants to have in place 

geometrical, technical and admin data which are combined in a common data 

environment which can then be accessed by all, which leads to improved design 

collaboration and a clearer strategy, since the participants are working on a 

single, shared model. An accurate clash detection service which is integral to BIM 

federated models reduces the likelihood of inconsistencies and identifies missing 

information. With more information available it becomes easier to estimate 

projects costs and timings. 

The LOD is a theoretical concept to help and support BIM model development, it 

enables the participants to specify with a high degree of precision the content and 
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reliability of a BIM at a given stage of development. The level of the LOD defines 

the properties of the model based on the depth of information contained in the 

model in terms of the geometry, technical and admin data (Butkovic & Oloke, 

2019; Cavalliere et al., 2019). LOD is divided into five categories, some of which 

have sub-categories: 

• LOD100: represents general geometric information. 

• LOD200: represents specific geometry of elements, such as shape and 

dimension. 

• LOD300: represents the model as a specific system, it represents 

objects in terms of size, form, location, and orientation. 

• LOD350: is LOD300 interfaced with column and foundation building 

elements. 

• LOD400: represents information on fabrication, assembly, and fitting. 

• LOD500: represents the real model as built. 

The LOD (from LOD100 to LOD350) starts in the design phases (architectural, 

structural, system design) of the construction value chain, and optimises the data 

until it approaches the top of the implementation processes in the construction 

plan, 4D and 5D (time scheduling, cost estimation and material resources). 

LOD400 is used in the construction phase to support the contractors with detailed 

information on fabrication, assembly and fitting. LOD500 is BIM dimensions 6D 

and 7D, detailed information on sustainability and facilities management, 

including maintenance. The inclusion of 6D BIM information allows the owner to 

make decisions regarding the whole life-project at an early-stage in the 

construction value chain to drive the project to a better outcome (Dadashi Haji et 

al., 2021). 

• Level 3: The UK construction industry was expected to expand by 70% by 

2025. However, the challenges of Brexit and the Covid-19 pandemic have 

caused a deceleration in the process of the process of creating a 

continuous collaborative environment and there is still confusion over 

defining BIM level 3 requirements (HM Government, 2015). Current 

literature has assessed the following as challenges for BIM level 2 



 

30 

implementation that must be resolved: BIM obligation rights and risk 

allocation which are not yet clearly defined. BIM level 3 has not been 

reached yet as there are no existing standards for a construction company 

to work on BIM Level 3 which is considered as the fully integrated level. 

However, there are also technological barriers such as the BIM 

commercial software application which has yet to achieve accurate data 

exchange without relying on the Industry Foundation Class format (Shafiq, 

2021). 

2.4.7 BIM Libraries 

BIM object libraries are an invaluable resource for professionals in the 

construction industry, including architects, engineers, and contractors. They offer 

a vast collection of 3D models, components, and other design elements that can 

be used in BIM software to create highly accurate and detailed building models. 

The objects are available in various formats, including Revit, ArchiCAD, and 

SketchUp. Table 2-5 shows some of the most popular open-access BIM object 

libraries available: 

Table 2-5 List of open access BIM object libraries (Author). 

 

These open-access BIM object libraries provide an excellent resource for 

construction professionals to access a vast array of BIM objects and components 

to support their design work. 
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2.5 Review of Sustainability Research within the BIM 

Environment 

Regulations have recently been implemented by a number of countries adopting 

resource and energy efficiency aims and promoting the reduction of emissions 

through new building developments and retrofitting programmes (Carvalho et al., 

2019). To that end, various technologies and procedures have been developed, 

and a multitude of rating techniques have been implemented in numerous 

countries to assess the environmental performance of buildings. Such techniques 

include the Leadership in Energy and Environmental Design in the United States 

and the Building Research Establishment Environmental Assessment 

Methodology in the UK (Carvalho et al., 2021; Solla et al., 2016). 

As awareness of global sustainability is growing, a rapidly expanding area of 

research is focusing on managing and reducing carbon emissions and energy 

consumption throughout the life cycles of buildings (Gustavsson et al., 2010; 

Smith, 2014). For instance, one strand of research focuses on how sustainable 

constructions that satisfy global challenges can be met by the use of construction 

information technologies, primarily BIM.  

Sustainability within the construction industry alludes to the provision of a safe, 

healthy, and favourable environment for subcontractors, contractors, owners, 

end-users, and designers (Zuo & Zhao, 2014). However, it is essential to 

emphasise that the purpose of BIM guidelines and principles is to ensure smooth 

project delivery and not to replace the basic contract and delivery of the project 

(Haruna et al., 2021). Within the guidelines, environmental, economic, and social 

sustainability depends on the design.  

Previous research indicates that a sustainable building design requires a BIM-

based sustainability simulation at the early or pre-design stage (Lim, 2015). Using 

BIM encourages project participants to exchange information on design errors 

that visualisation is more likely to detect. This enhances financial control of the 

project and is better adapted to the needs of clients. (Niu et al., 2015) developed 

an energy data visualisation method to envisage the design of an urban energy 

landscape using a web-based BIM-GIS. To increase the sustainability of 
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infrastructure projects, (Kim et al., 2016) employed BIM and GIS to visually 

represent the walkability of the existing ‘Safe Routes to School’ programme. 

Assisting in the shift towards sustainability, BIM has also been used in aiding the 

selection of materials for construction activities (Koutamanis, 2020) and it has 

been proposed that an information delivery manual should be used by BIM for 

off-site construction processes. The information acquired from BIM can also be 

used to manufacture modular units (Zhang et al., 2016) which enhances design 

flexibility and re-use, limits wastage of costly materials, and lessens air pollution 

and site disturbance.  

With respect to maintenance and operation, (Eleftheriadis et al., 2017) revealed 

that to maintain long-term value, the facility management department must 

ensure cost-effective and robust maintenance environment for assets. In 

buildings that currently exist, there are immense benefits to be gained in 

extending the BIM function to real-time building operations and facilities 

management as this will serve to eliminate waste and ineffective facilities 

(McArthur, 2015). 

Previous studies have revealed that the information required to visualise the 

energy performance of a building at an early stage, is lacking (Elbeltagi et al., 

2017). Although several thermal simulation applications have been employed to 

assess building energy performance (Tian et al., 2019), these have necessitated 

the use of a building geometry information retrieval process developed using CAD 

with the capacity to access BIM and thermal modelling data(Jeong et al., 2016). 

Simulation of the detailed energy performance occurs in separate software with 

information obtained from an external database. Thus, one contribution this 

research makes to existing knowledge is to highlight sustainability issues in each 

single object within BIM. 

A platform known as the Real-Time Replay System (RTRS) was created by 

(Chiang et al., 2015) to replay electricity usage events using the information 

produced by Revit, Unity 3D, and a Wi-Fi power socket sensor. To facilitate 

measures for conserving energy, the interactive smart system allows consumers 

to identify operations that are wasteful, which can also be suggested by the 
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RTRS. Furthermore, RTRS can define events and present energy-saving 

alternatives. This creative and novel technique may assist end users in managing 

electricity consumption, reducing both the effort and time needed to identify and 

make sense of raw information (Chong et al., 2017a).  

One efficient way to reduce carbon emissions is to renovate existing buildings in 

order to reduce energy consumption. This will lead to healthier lifestyles as a 

result of an improved indoor climate and a reduction in air pollution. In addition, 

to estimate the amount of waste produced by construction, renovation, and 

demolition, an integrative BIM-based method has been developed (Kylili et al., 

2016). This procedure extracts information from the BIM model and estimates the 

volume of waste produced at each stage of the project. Such research has been 

vital in improving project control and the extent to which renovation and 

demolition projects are sustainable (Al Hattab, 2021). 

2.5.1 The Benefits and Advantages of Sustainability within BIM 

BIM builds the asset in a virtual form before the physical construction, any 

proposed changes can be made to the virtual model prior to introducing them into 

the physical building process. This allows the effects of the changes to be 

assessed, possibly saving the cost of actually making the changes (Tang et al., 

2017). The use of BIM enhances the possibility of making strategic changes in 

construction firm strategies (commercially, technically, and leadership) enabling 

better communication, which reduces the number of conflicts, while giving better 

time optimisation and building sustainability (Olawumi et al., 2018). BIM has the 

potential to improve the design, improve team communication and to create a 

more integrated proposal to provide a better material database, introduce a 

planning process and to discover errors in the design. BIM can accurately detect 

changes in building data in terms of discovering incompatibilities between 

components and the equipment specified for the project (Mellado & Lou, 2020) 

as indicated in Table 2-6. 
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Table 2-6 Integration of BIM and sustainability benefits (Author). 

Reference       Sustainability integration 

with BIM 

(Abbasnejad et al., 2020) BIM application support a wide range of 

data 

(Arantes et al., 2015) Improved lifecycle management 

(Blay et al., 2019) Improved maintenance of project 

infrastructure.  

(Borges Viana & Marques 

Carvalho, 2021) 
Risk mitigation 

(Chahrour et al., 2021) Controlling cost performance and reduction of 

construction works. 

(Dadashi Haji et al., 2021) Optimisation of schedule compliance and 

planning. 

(Antón & Díaz, 2014) Exchange, collaboration and sharing of data 

between stakeholders. 

(Habib & Kadhim R., 2020) Automated collaborative solutions minimise 

the risk of project coordination errors. 

(Ismail et al., 2021) High level of flexibility to facilitate building 

layout. 

(Khanzadi et al., 2020) 3D visualization and testing of the 

constructability of the design within the model 

before real construction. 

(Raheem, 2021) Conflict detection and reduction in errors. 

(White & Marasini, 2014) Sustainable design and analysis at an early 

stage. 

According to Mohammed (2022), early decision making in the design process is 

important for improving the quality and reducing the cost of a building during its 

life cycle. BIM can help with this by providing a digital model of the building that 

can be used to predict building performance. This prediction can be used to 

identify potential problems and make changes to the design early on, which can 

save time and money. Chong et al., (2017b) agree that BIM-based sustainability 



 

35 

analysis software can be used to achieve the triple bottom line of sustainability, 

which includes economic, environmental, and social aspects. 

Economic Aspects: BIM help to optimize the design of a building, minimizing 

whole life cycle costs and capital by improving material and energy efficiency. It 

can also improve teamwork and communication, leading to lower project costs 

and less construction waste. wastage (Goh et al., 2020b).  

Environmental Aspect: BIM can be used to assess the environmental impact of 

a building, helping to reduce resource consumption (water, materials, and 

energy). It can also improve the efficiency of the project delivery process, further 

reducing environmental impact. 

Social Aspect: BIM can be used to improve the quality of the design and 

construction of a building, enhancing the living environment for occupants. It can 

also be used to simulate the performance of a building, helping to ensure that it 

meets the needs of its users (Janjua et al., 2020). 

2.5.2 Construction Value Chain in a BIM Environment 

Construction companies began using BIM as a key element in their strategies 

because BIM brings an important change in the way that the different parties 

involved in the construction project work together, making the working 

environment more collaborative (Papadonikolaki et al., 2019). The construction 

value chain in the BIM environment is the whole project team working together 

across the value chain from early design stage to demolition (Kamel & Memari, 

2019). The very idea of BIM brings all the participants in the construction value 

chain together in the project lifecycle, it becomes an integrated element for all its 

stakeholders. 

Following a review of the published papers regarding the construction value 

chain, the primary phases have been identified, as have the essential 

stakeholders or actors for the project. Numerous components of the construction 

value chain which separately add value to the construction project, have to 

consider the sustainability issues presented in Figure 2-6. The authentic 

construction value chain comprises a network of relationships which are not linear 
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despite the perfect construction value being linear with low complexity. The 

following principal phases have been identified: design and engineering, 

construction, operation, maintenance and renovation, and demolition. Presently, 

BIM can design and analyse the following: the assets, the structure (analysing 

the finite elements) and the building systems; for example, plumbing, electrical 

and mechanical, IT, as well as the climatic and acoustic. 

User experience needs to be a component of the design phase to produce the 

optimal solution. Both the main contractor and the subcontractors utilise the BIM 

paradigm which supplies the same information to everyone, and permits on-site 

construction, thereby reducing the duration and cost of the project with reduced 

risk. The owner of the building and its operator should be supplied with all asset 

information for the purpose of managing the building efficiently. BIM provides an 

accurate maintenance plan to more effectively avoid failures, and to eliminate 

them promptly when an incident occurs. Demolition contractors may use BIM in 

order to establish the optimal method of demolition (Begić & Galić, 2021; BSI 

PAS 1192-2, 2013; Malleson, 2016). 

 

Figure 2-6 Construction Value Chain in a BIM Environment (Author). 
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2.6 Research Gap 

The growth of BIM within construction industry around the world is a significant 

and noticeable. BIM has the potential to improve sustainability in the built 

environment. Subsequently, the literature review highlighted the following 

research gaps: 

1. There is a lack of research of addressing the sustainability issues in the 

BIM environment. 

2. There is a need to represent sustainability good practices in the BIM 

object. 

3. There is a need for a practical framework that integrate the required project 

information, BIM database, stakeholders within the construction value 

chain and a platform to calculate different construction sustainability 

issues.  

These identified research gaps not only underscore the challenges associated 

with integrating BIM into building sustainability assessment, as highlighted by 

Onososen & Musonda (2022), but also emphasize the imperative for a critical 

review of existing green BIM development to bridge gaps between industry 

requirements, available academic research, and conceptual understanding of 

deficiencies, as articulated by Ibrahim & Mohd (2022). Moreover, the insufficiency 

of information required for early-stage visualization of a building's energy 

performance, as elucidated by Elbeltagi et al. (2017), further accentuates the 

need for comprehensive research in this area. The mention of sustainability 

analysis as the sixth dimension in 6D BIM by Villena-Manzanares et al. (2020), 

without detailed elaboration, underscores the research gap in providing a robust 

emphasis on sustainable dimensions within the BIM framework. These gaps 

collectively form the foundation for the research problem at hand and necessitate 

focused investigations to advance the integration of BIM in building sustainability 

assessment and sustainable construction practices. 
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2.7 Closing Remarks 

This chapter has presented the importance of addressing sustainable 

construction in a BIM environment. The literature review highlighted the 

embodied carbon footprint and heat transfer for better energy performance as the 

most sustainable practices in the construction sector. The literature review shows 

that the current BIM Level 2 object structure contains no detailed sustainability 

data. This thesis will present a framework that integrates project information 

management, construction value chain and construction sustainability issues 

within the BIM environment. Therefore, a stakeholder in construction value chain 

will have access to sustainability information in addition to geometrical, technical 

and admin information.  

The next chapter presents the methodological approach to achieve the 

sustainability of a construction project in a BIM environment. 
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3 RESEARCH METHODOLOGY 

3.1 Introduction  

This chapter presents the overall research methodology of the thesis. It is crucial 

to understand that the research method and methodology are two important parts 

of the study. Saunders et al. (2009) created the 'research onion,' which was 

updated in Saunders et al. (2016) and is presented in Figure 3-1. The 'research 

onion' depicts multiple layers of research methodologies and checkpoints for 

researchers to follow. The discussion in this chapter begins by briefly examining 

the literature on research philosophies, approaches, methodical options, 

strategies, time frames, and selecting and justifying the most suitable for this 

study. The approach to the methodology to be used is divided into four phases, 

each of which has different key tasks and deliverables. The phases provide a 

structured approach for conducting the aim of this thesis, ensuring that the 

research process is transparent, replicable and reliable in relation to the 

construction industry. 

 

Figure 3-1 Research onion model 
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The research onion consists of six main layers: 

1. Research philosophy – provides the foundation of the research by 

defining ontology (the nature of reality), epistemology (the nature and 

sources of knowledge or facts), and axiology (values, beliefs, and ethics) 

(Saunders et al., 2019). 

After a thorough review of literature on research philosophy, this study selects 

critical realism as its research philosophy. The critical aspect involves the 

practical implementation of sustainability practices in the BIM environment, which 

follows a design science approach. This approach aims to create and evaluate 

new solutions, methods, or models to address practical problems, here the 

problems are in construction and building design. The focus is on finding practical 

solutions and evaluating their effectiveness through case studies, 

experimentation, and implementation in real-world projects. The ultimate goal is 

to enhance sustainability performance in the built environment through the use of 

BIM technologies and methodologies. Hence, it is crucial to collect data related 

to sustainable construction projects in BIM. This thesis requires qualitative data 

to understand the reality of sustainable practices in BIM and quantitative data to 

further evaluate the reality of BIM.  

2. Approach to theory development – There are three main approaches to 

theory development: deduction, induction, and abduction. Deduction starts 

with an existing theory, then raises a question or hypothesis, and collects 

data to confirm or reject the hypothesis. Induction starts with observations 

and data collection, leading to description and analysis to form a theory. 

Abduction starts with an empirical phenomenon and moves between 

induction and deduction to find the most likely explanation (Saunders et 

al., 2019; Tengli, 2020). 

3. Methodological choice – The third layer of the "research onion" is the 

methodological choice, which decides whether to use quantitative or 

qualitative methods or a combination of both. For example, it involves 

building a BIM model based on sustainable practices for a construction 
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project and collecting both quantitative and qualitative data for validation 

(Melnikovas, 2018).  

4. Strategy – The fourth layer is the strategy for collecting and analyzing 

data, which includes options such as experiment, survey, archival 

research, case study, ethnography, action research, grounded theory, and 

narrative inquiry. This thesis uses the case study strategy because it aims 

to develop and validate sustainable construction practices in the BIM 

environment. In this study, a hypothetical case, constructing one-bedroom 

house is chosen to validate the effectiveness of sustainable construction 

in BIM. The case study strategy is suitable for this study because it enables 

an in-depth analysis of project objectives within the construction industry 

and the adoption of sustainable practices using BIM.  

5. Time horizons. Saunders et al., (2019) have as the fifth layer of the 

research onion the time horizon, which defines the duration of the study. 

It can be either cross-sectional or longitudinal, meaning collection of data 

sets at a specific point in time or repeatedly over a long period, 

respectively. For this study, a cross-sectional time horizon was chosen, as 

the goal is to validate the structure of sustainable practices in BIM through 

a hypothetical case study. Experts in the construction industry will provide 

their opinions on the proposed framework model, which will be a one-time 

occurrence. 

6. Techniques and procedures. The final layer of the research onion 

involves the techniques and procedures for data collection and analysis, 

such as using primary or secondary data, selecting sample groups, 

creating questionnaire content, and conducting interviews (Melnikovas, 

2018; Tengli, 2020). 

The case study methodology was chosen for this research due to its suitability 

for gaining an in-depth understanding of a complex and context-dependent 

phenomenon. By focusing on a single or a limited number of cases, this approach 

allows for a thorough exploration of the intricate relationships, unique factors, and 

real-world intricacies associated with the research topic. Additionally, it aligns with 
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the study's qualitative data collection methods, such as interviews and content 

analysis, providing a structured framework for analysing and interpreting rich, 

qualitative data. This choice enables the research to delve deeply into the specific 

case, uncover patterns, generate insights, and contribute to the broader body of 

knowledge in the field. 

3.2 Project Approach: 

The methodological approach adopted in this research is divided into four phases 

to ensure the accomplishment of goals and objectives rationally, as shown in 

Table 3-1. 

Table 3-1 Research Approach  

phases Key tasks Deliverables 

1. Construction 

sustainability 

practices   

  

1.1 Extensive literature review 

1.2 Capturing current good 

practices regarding industrial 

sustainability.  

• Construction 

sustainability good 

practices. 

2. Sustainability in 

a BIM 

environment  

2.1 Sound understanding of BIM 

and its related standards.  

2.2 Study Revit software as a 

primary CAD system for a BIM 

environment.  

2.3 Understanding the structuring 

of BIM objects.  

• The fundamentals of 

BIM 

• Revit BIM capabilities  

  

3. Sustainability 

engineering 

calculations 

3.1 The formulation of detail 

construction case study. 

3.2 The engineering calculation of 

heat transfer as a sustainability 

issue. 

3.3 The engineering calculation of 

embodied carbon as a 

sustainability issue. 

•  Sustainability 

engineering results. 

4. Sustainable 

construction 

4.1 The development of the BIM 

framework 
• Integration into BIM 
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The following sub-sections are presenting each of the research methodology 

phases: 

3.2.1 Construction Sustainability Practices   

A comprehensive literature review is an essential component of the research 

methodology, as it helps identify and define research gaps in present knowledge. 

In this research, the researcher will identify different sustainability good practices 

in the construction industry. First, conducting a comprehensive search of relevant 

literature using academic databases such as Scopus, Web of Science and 

ScienceDirect. The researcher will use a combination of keywords, phrases, and 

subject headings to refine the search and identify relevant articles, books, and 

reports. Then, evaluate the quality of sources and this includes considering 

factors such as the relevance to the research question, the status of the journal 

in which the publication appears, the author's credentials, the publication date, 

and the research methodology used. Then the researcher will organize the 

information collected into a structured format, to identify the key sustainability 

practices in construction. The final step will be to synthesize the findings from the 

literature review and summarize the key themes and practices identified. Overall, 

capturing industrial sustainability good practices is crucial for promoting 

sustainability in the construction industry and creating a more sustainable future 

for all. The findings from the literature have been identified and documented in 

Section 2.3.2, Table 2-1. 

The identified sustainability issues in Table 2-1 were highlighted and endorsed 

by the construction industry through the interview with:  

1- (Director, Building Engineering. “IDOM” advance design & Analysis Dpt.) 

2- (Quality and BIM Compliance Director. Voestalpine Metsec plc) 

framework 

based on BIM.  4.2 Case study integration of 

embodied carbon results in BIM  

5. Validation & 

evaluation  
5.1 Case study validations  • Validated framework  
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The outcomes of the interview represented as follows:  

Q1: Do you believe that addressing the research questions would contribute 

effectively to the support and advancement of the BIM community? 

1- I believe Identification of specific questions or areas of inquiry that have 

strong support within the BIM community, potentially guiding your research 

focus. 

2- Insights into potential collaborators or stakeholders within the BIM 

community who share a common interest in addressing sustainability. 

Q2: From your perspective, what level of progress has been achieved in 

addressing the 6D aspects of sustainability within BIM? 

1- There are still a lot of works to be done in addressing sustainability. 

However, a benchmark of the current state of sustainability integration in 

BIM, allowing you to assess whether further efforts are needed and where 

improvements can be made. 

2- Knowledge of any similar case studies or best practices in the field of BIM 

and sustainability, which can serve as valuable references for your work. 

Q3: Could you elaborate on the current market demand for sustainability-related 

initiatives in the context of BIM? 

1- Understanding of whether there is a growing market for sustainable BIM 

solutions, helping you to evaluate business opportunities or potential areas 

of investment. 

2- Insight into specific sustainability-related challenges or opportunities that 

are currently prominent in the market. 

Q4: In your expert view, what are the fundamental best practices in sustainability 

that should be a focal point for my research? 

1- I believe embodied carbon footprint, energy efficiency and waste control 

are the most pressing issues. 

2- I could say the focus should be more on embodied carbon footprint, water 

efficiency and energy efficiency. 
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Q5: How much you as a construction industry interested in addressing the 

sustainability issue? 

1- We have a strong interest in sustainability within the construction industry, 

driven by ethical and economic considerations. 

2- Interest in sustainability varies, but awareness is growing as we see its 

benefits for our industry. 

Q6- Do you think that more challenges have to be solved before the construction 

industry can move towards level 3? 

1- Yes, there are still several critical challenges that need to be addressed 

before the construction industry can effectively transition to Level 3 BIM. 

These challenges may include data interoperability, standardized 

processes, and widespread digital adoption throughout the industry. 

2- While there are challenges to overcome, the construction industry has 

made significant progress in moving toward Level 3 BIM. Many of the 

foundational issues have been addressed, and with continued 

collaboration and innovation, Level 3 BIM can become a reality in the near 

future. 

Q7- Do you think the sustainability in BIM environment is a valuable subject for 

the industry and BIM community? 

1- Absolutely, sustainability in the BIM environment is of paramount 

importance. It aligns with global efforts to reduce environmental impact 

and enhance efficiency in construction. Addressing sustainability within 

BIM can lead to cost savings, improved resource management, and a 

more environmentally responsible industry. 

2- While sustainability is an important topic, some in the industry may 

prioritize other aspects of BIM. However, there's a growing recognition that 

sustainability is a valuable subject that can contribute to long-term viability 

and competitiveness, making it increasingly relevant for the industry and 

BIM community. 
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3.2.2 Sustainability in a BIM Environment. 

In sustainable construction, BIM can be used to evaluate the environmental 

impact of design decisions, such as the energy efficiency of building materials 

and systems. It also allows simulation of the building's energy performance, water 

consumption and indoor air quality and identify areas that need to be improved 

to meet sustainability goals. Therefore, defining BIM levels, dimensions and the 

related standards is required by the researcher, including ISO 19650 which is a 

comprehensive BIM standard that provides a framework for the management of 

information throughout the lifecycle of a built asset. According to (Dadmehr, N 

and Coates, 2019), ISO 19650 was developed to provide a common language 

and set of processes for BIM projects, helping to improve collaboration and 

reduce errors and misunderstandings. However, if BIM Level 2 guidelines are 

followed full collaboration is achievable.  

Another important factor in the study of sustainability in BIM is understanding 

Autodesk Revit software which is the primary CAD package built for BIM. 

Therefore, a case study of a one-bedroom house will be demonstrated in Revit. 

The house is rectangular with total area = 10 𝑚 (length) x 5 𝑚 (width) = 50 𝑚2. 

The four walls forming the perimeter are 3 𝑚 high, giving a total wall area of 90 

𝑚2, with two walls each of area 30 𝑚2.  and the other two wall each having an 

area of 15 𝑚2. The one-bedroom house has three windows with dimension of 

1.05 𝑚 x 1.2 𝑚 and a front door with dimension of 2.134 𝑚 x 0.915 𝑚, the areas 

of which are deducted from total wall area to calculate the number of bricks and 

plasterboards and the amount of mortar needed. 

Since the model is designed in Revit, it is necessary to understand how objects 

in Revit are related to each other through their placement in the model, a process 

which defines their spatial relationships. For example, walls are placed in relation 

to other walls, floors, and ceilings, while doors and windows are placed in walls. 

As explained above, BIM objects in Revit are defined by a set of parameters that 

specify their dimensions, materials, and other properties. These parameters can 

be linked to other BIM objects in the model, allowing for changes to be made 
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across multiple objects at once. For example, if a wall is resized, the windows 

and doors in that wall will automatically adjust to fit the new dimensions. 

BIM objects are typically structured with three main components: geometry, 

administrative information, and technical information. Consequently, a wall object 

in a building model contains: 

1. Geometry: The geometry of the wall object would include 3D modelling of 

its shape, size, and position in relation to other objects in the building 

model. The wall object's dimensions would be defined by parameters such 

as height, length, and thickness, which can be adjusted as needed to 

reflect changes in design or construction. 

2. Administrative Information: The administrative information for the wall 

object would include its name, description, and location within the project. 

For example, the wall object may be named "Exterior Wall" and described 

as a load-bearing wall located on the east side of the building. 

3. Technical Information: The technical information for the wall object would 

include data on its physical properties, such as its materials, performance 

characteristics, and construction details.  

3.2.3 Sustainability Engineering Calculations 

The first step is to determine the number of bricks needed to cover the surface 

area. This involves considering factors such as the size of the individual bricks, 

the thickness of the mortar joint, and the overall area of the wall to be covered. 

The standard size of brick used in the UK 215 𝑚𝑚 x 102.5 𝑚𝑚 x 65 𝑚𝑚 with 10 

mm thick mortar joints as illustrated in Figure 3-2. The volume of one brick is 

0.001432 𝑚3, the volume of one brick including mortar is 0.0017297 𝑚3, and the 

face area of the brick – including mortar – is 0.225 x 0.075 = 0.016875 𝑚2. The 

number of bricks needed can be calculated from the areas of the four walls after 

subtraction of window and door areas: (90 – 5.73)/0.016875 = 4996. 
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Figure 3-2 Bricks description 

• Quantity of Cement, Sand and Water for Brickwork. 

There are different mortar mix ratios (cement to sand ratios) for each element of 

the building construction. The mortar mix ratio for concrete bricks for building 

construction external and internal walls is in the ratio 1:4 (cement: sand), with the 

water/cement ratio, 0.5. 

• Quantity of Plasterboards. 

Thermally insulated plasterboard has been used, this type of plasterboard 

combines plasterboard with insulation material already attached to it. Insulated 

plasterboard helps prevent heat escaping the space and this results in a warmer 

and more comfortable home which is also more energy efficient. This type of 

plasterboard also contains a vapour layer to prevent moisture transfer through 

the board into the wall. The plasterboard selected is Celotex PL4000 from Celotex 

Saint-Gobain with wallboard size of 2400 x 1200 x 37.5 𝑚𝑚, and thermal 

conductivity of 0.022 𝑊/𝑚𝐾, which meets national Building Regulations and 

guidance. 

3.2.3.1 Calculation of Heat Transfer - Sustainability Issue 

Fourier's law is a fundamental for the calculation of the rate of heat transfer 

through a solid material. It states that the rate of heat transfer through the material 

is proportional to the thermal conductivity of the material, the temperature 
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gradient across the material, and the surface area through which the heat is 

flowing, and is inversely proportional to the thickness of the material. The law is 

described mathematically as: 

Q = kA 
T1 − T2

L
   

= U A ∆T    

(3-1) 

where, (𝑄) is the heat transfer rate (in watts), (𝑘) is the thermal conductivity (in 

watts/meter-Kelvin), (𝐴) is the cross-sectional area perpendicular to the direction 

of heat flow (in square meters), (∆𝑇) is the temperature difference across the 

material (in Kelvin or Centigrade) and (𝐿) is the thickness of the material (in 

metres). 

The thermal conductivity of the material needs to be determined, usually from 

reference tables, and also the temperature difference across the material (usually 

a design specification). The temperature gradient can be determined by 

determining the temperatures of the two relevant faces, subtracting to find the 

temperature difference, and dividing by the distance between the faces. Once the 

thermal conductivity and temperature gradient have been determined, Fourier's 

law can be used. This information can be used to optimize the design of various 

systems to improve their energy efficiency and sustainability. 

3.2.3.2 Calculation of Embodied Carbon - Sustainability Issue 

Determining the embodied carbon in the given work at each stage of design 

enables engineers to target carbon reductions via material selection, 

specification, efficiency, and reuse. The Institution of Structural Engineers has 

released a guidance for calculating embodied carbon that focuses on life cycle 

modules A1-A5 (cradle to practical completion). The researcher found that the 

most important time to calculate embodied carbon is early in the design process. 

Typically, according to (Gibbons & Orr, 2020a) the fundamental element of an 

embodied carbon calculation can be done by multiplying the quantity of each 

material by a carbon factor, which is a measure of the amount of carbon dioxide 

emitted per unit of material. 
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Embodied carbon = Quantity of material x Carbon conversion factor (3-2) 

The quantity of each material is an estimate that becomes more precise as the 

design process progresses. The carbon factors are separated by lifecycle module 

and are estimates whose precision increases as more is learned about the 

project's procurement procedure. 

3.2.4 Sustainable Construction Framework Based on BIM. 

The researcher has presented a framework for integrating sustainability data in 

construction using BIM. The framework involves key information that includes 

customer information requirements, identifying sustainability goals, project 

details, planning, creating a sustainability issues library that contains lists of such 

issues as heat transfer for energy efficiency and embodied carbon footprint. Then 

conducting detailed carbon embodied engineering calculations for the case 

study. This involves calculating the carbon emissions associated with the 

production, transportation and disposal of the materials. The results, which 

include the quantity and embodied carbon value of each material and the total 

embodied carbon of the project will be exported in an Excel format. The Excel 

data is then imported into Revit through a Revit plugin application, DiRoots 

(TableGen), which is used to integrate the model design and the engineering 

calculations. Integrating the results of the embodied carbon calculations into the 

software involves importing data into Revit and syncing it with BIM Collaborate 

Pro offering an integrated BIM solution for managing the projects' design, 

construction, and operation. 

3.2.5 Validation Via Case Study. 

The validation process of the framework to be applied on embodied carbon 

footprint for the specified one-bedroom house requires the information 

management of the house which includes, costumer requirements regarding the 

house and sustainability concerns as well as the house project plan, also the 

construction value chain. Furthermore, defining the embodied carbon calculation 

parameters, calculating the embodied carbon using Excel, importing data into 

Revit, cross-checking the results, sharing results via BIM Collaborate Pro, and 
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then refining the calculations based on stakeholder feedback. This process 

ensures the accuracy and reliability of the embodied carbon calculations, which 

can help inform more sustainable building design and construction decisions. 

application 

3.3 Closing Remarks 

This chapter evaluates the literature on research methodology and identifies the 

appropriate methodology for this study. The methodological approach consists of 

four phases. Firstly, the study conducts an extensive literature review of 

construction sustainability practices to identify research gaps. Secondly, it 

investigates BIM in detail and its relation to sustainability in the construction 

industry. Additionally, a hypothetical case study is presented in Revit, which 

serves as the main CAD system in the BIM environment. Thirdly, the 

sustainability issues are selected, and related engineering calculations are 

carried out. Fourthly, the study presents a construction sustainability framework 

in the BIM environment. Finally, the validation of the study is carried out by 

applying the construction sustainability framework to the embodied carbon 

footprint of a, single floor, one-bedroom dwelling in the BIM environment.  

The next chapter demonstrates the details of the structure of the case study. 
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4 THE FORMULATION OF THE CASE STUDY BASED 

ON ONE-BEDROOM SINGLE STOREY HOUSE 

4.1 Introduction 

This case study will examine the materials and construction methods used to 

build a one-bedroom house, single storey house. The house, see Section 3.2.3 

has a rectangular shape with total floor area of 50 𝑚2 and the four perimeter walls 

are of common red bricks held together by mortar comprised of cement, sand, 

and water. The windows and door are made of wood and glass. The house is 

insulated with plasterboard, which helps to keep the heat in during the winter and 

out during the summer. The case study of one-bedroom house is providing the 

parameters and calculations that will be used in chapters 5 and 6 regarding 

sustainability issues calculations and framework. 

4.2 Case Study of One-Bedroom House 

As described above the one-bedroom house has a total floor area = 10 (length) 

x 5 (width) = 50 𝑚2, the four outer walls having a total area of 90 𝑚2, the two 

longer walls each having an area of 30 𝑚2 and the two shorter walls each having 

an area of 15 𝑚2. The house has three windows and a front door which are 

deducted from total wall area to calculate the number of bricks, plasterboards and 

the amount of mortar required. As shown in Figure 4-1, Wall 4 has the door, Wall 

3 has two windows, and Wall 2 has 1 window. 

The standard size of a single window is 1050 𝑚𝑚 high and 1200 𝑚𝑚 wide and 

the selected door has height 2134 𝑚𝑚 and width 915 𝑚𝑚. Thus, total area of the 

chosen windows and door are 3.78 𝑚2 and 1.95 𝑚2 respectively. 

The materials selected for building the wall are commonly used red bricks, 215 

𝑚𝑚 x 102.5 𝑚𝑚 x 65 𝑚𝑚 (Red & Red, 2011), and the number of bricks required 

is calculated. Second, the amount of cement, sand and water needed for the 

mortar for the given number of bricks for each wall is determined. Finally, the 

quantity of insulated plasterboard needed for each wall is calculated. 
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Figure 4-1 Case study design (Author) 

4.3 Wall Structure and Quantities of Materials 

4.3.1 Quantity of Bricks 

➢ Number of bricks in Wall 1: 

Area of Wall 1 = 30 𝑚2 

Dimensions of standard brick = 215 x 102.5 x 65 𝑚𝑚 

To compute the number of bricks needed to construct Wall 1. 

❖ First, allow for standard brick work, 10 𝑚𝑚 mortar joints should be added 

to the brick face area: 225 x 75 = 0.016875 𝑚2. 

❖ Area of Wall 1 = 30 𝑚2, so number of bricks needed = 30/0.016875 = 1778. 

❖ Thus 1 𝑚2 of wall area requires 1/0.016875 = 60 bricks per 𝑚2 (to the 

nearest whole brick). 

➢ Number of bricks in Wall 2: 

Area of Wall 2 = 15 𝑚2. 

Window area 1.05 𝑚 x 1.2 𝑚 = 1.26 𝑚2. 

Wall area after deducting the area of window = 13.74 𝑚2. 
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Number of bricks needed for Wall 2 = area of wall divided by face area of brick 

and associated mortar = 13.74/0.016875 = 815 bricks. 

➢ Number of bricks in Wall 3: 

Area of Wall 3 = 30 𝑚2. 

Wall area after deducting the area of both windows = 30 – 2.52 = 27.48 𝑚2. 

Number of bricks needed for Wall 3 = 27.48/0.016875 = 1629 bricks. 

➢ Number of bricks in Wall 4: 

Area of Wall 4 = 15 𝑚2. 

Wall area after deducting the area of door = 15 – 1.95 = 13.05 𝑚2. 

Number of bricks needed for Wall 4 = 774 bricks. 

To sum up, the total number of bricks for the four walls = 1778 + 815 + 1629 + 

774 = 4996. 

 

Figure 4-2 Wall dimensions 10𝒎 x 3𝒎 (Author) 

4.3.2 Quantity of Cement, Sand and Water for Brickwork. 

As described in Section 3.2.3 the mortar mix ratio for concrete bricks for building 

construction external and internal walls is in the ratio 1:4 (cement: sand) by 
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weight, with the water/cement ratio, 0.5. According to the Brick Development 

Association, (2018) this is the normal, most commonly used and best mix ratio 

for concrete bricks used for walling. 

➢ Calculation of quantities of cement, sand and water for brick work in 

Wall 1. 

❖ The ratio of 1:4 relates to the ratio of cement: sand. 

❖ Because adjacent bricks share a layer of mortar, we need consider only 2 

faces of the brick when determining the volume of mortar needed. So, for 

1 brick the area of mortar required = (215 x 102.5 + 65 x 102.5) = 

0.0287 𝑚2.  

❖ Volume of mortar for one brick = 0.0287 x 0.01 (thickness of mortar joint) 

= 0.000287 𝑚3. 

❖ Volume of mortar for Wall 1 = 0.000287 x 1778 = 0.51 𝑚3. 

❖ It follows that the volume of mortar per 1 𝑚2 of wall = 0.51/30 = 0.017 𝑚2. 

When water is added to the dry mix the total volume decreases because the voids 

in the sand containing air are displaced. Thus, the volume of mortar cited above 

must be increased if, after adding the water, the total volume is to be sufficient to 

build the wall. It is usual to multiply the value of the volume calculated as above 

by a correction factor of 1.33 to determine the volume of wet mortar required (see 

Figure 4-3). 

❖ The dry mortar volume (sand and cement only) for Wall 1 should be 0.51 

x 1.33 = 0.6783 𝑚3. 

 

 



 

56 

 

Figure 4-3 Brickwork process 

Quantity of cement: 

❖ Required cement volume = (0.6873 x 1) / 5 = 0.14 𝑚3, Required mass of 

cement = 0.14 x 1440 (cement density) = 201.6 𝑘𝑔. 

❖ Number of cement bags = 201.6 / 50 (weight of 1 bag) = 4.032 bag.  

❖ It follows that 1 𝑚2of wall will require 0.1344 bag of cement and 1 bag of 

cement is sufficient for 30/4.032 = 7.4 𝑚2 of wall. 

Quantity of sand: 

❖ Required volume of sand = (0.6873 x 4) / 5 = 0.55 𝑚3 

❖ Total weight of sand required = 28.8 x 30 = 864 𝑘𝑔 

❖ Volume of sand per 1 𝑚2.of wall = 0.55 / 30 = 0.018 𝑚3,  

❖ Weight of sand per 1 𝑚2 of wall = 0.018 x 1600 (sand density) = 28.8 𝑘𝑔 

Quantity of water: 
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❖ Water-cement ratio = 0.5 

❖ Required amount of water for Wall 1 = 201.6 x 0.5 = 100.8 𝐿𝑖𝑡𝑟𝑒,  

❖ Required amount of water per 1 𝑚2 of wall = 100.8 / 30 = 3.36 𝐿 

 

➢ Calculation of cement, sand and water for brick work in Wall 2. 

Following on from the calculations for Wall 1 above we have: 

❖ Volume of mortar for Wall 2 = 0.000287 x 815 = 0.234 𝑚3. 

❖ The dry mortar volume (sand and cement only) for Wall 2 should be 0.234 

x 1.33 = 0.311 𝑚3. 

Quantity of cement: 

❖ Required cement volume = (0.311 x 1) / 5 = 0.06 𝑚3. Required mass of 

cement = 86.4 𝑘𝑔. 

❖ Number of cement bags = 1.73 bags.  

Quantity of sand: 

❖ Required volume of sand = (0.311 x 4) / 5 = 0.25 𝑚3. 

❖ Total weight of sand required = 28.8 x 13.74= 396 𝑘𝑔 

Quantity of water: 

❖ Water-cement ratio = 0.5. 

❖ Required amount of water for Wall 2 = 86.4 x 0.5 = 43.2 𝐿𝑖𝑡𝑟𝑒. 

 

➢ Calculation of cement, sand and water for brick work in Wall 3. 

Following on from the calculations for Wall 1 above we have: 

❖ Volume of mortar for Wall 3 = 0.000287 x 1629 = 0.47 𝑚3. 

❖ The dry mortar volume (sand and cement only) for Wall 2 should be 0.47 

x 1.33 = 0.6251 𝑚3. 

Quantity of cement: 
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❖ Required cement volume = (0.6251 x 1) / 5 = 0.125 𝑚3, Required mass of 

cement = 180 𝑘𝑔. 

❖ Number of cement bags = 3.6 bag. 

Quantity of sand: 

❖ Required sand volume = (0.6251 x 4) / 5 = 0.5 𝑚3. 

❖ Total sand required - 28.8 x 27.48 = 791.4 𝑘𝑔. 

Quantity of water. 

❖ Water-cement ratio = 0.5. 

❖ Required amount of water for the wall = 180 x 0.5 = 90 𝑙𝑖𝑡𝑟𝑒. 

 

➢ Calculation of cement, sand and water for brick work in Wall 4. 

Volume of mortar for Wall 4 = 0.000287 x 774 = 0.22 𝑚3. 

The dry mortar volume (sand and cement only) for Wall 2 should be 0.22 x 1.33 

= 0.293 𝑚3. 

Quantity of cement. 

❖ Required cement volume = (0.293 x 1) / 5 = 0.059 𝑚3, Required mass of 

cement = 85 𝑘𝑔. 

❖ Number of cement bags = 1.7 bag.  

Quantity of sand. 

❖ Required sand volume = (0.293 x 4) / 5 = 0.23 𝑚3. 

❖ Total sand required = 376 𝑘𝑔. 

Quantity of water. 

❖ Water-cement ratio = 0.5. 

❖ Required amount of water for the wall = 85 x 0.5 = 42.5 𝑙𝑖𝑡𝑟𝑒. 

Therefore, the quantity of cement, sand and water for each wall is: 
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Wall 1: Quantities required to construct Wall 1, of 30 𝑚2: 1778 bricks, 201.6 𝑘𝑔  of 

cement, 864 𝑘𝑔 of sand and 100.8 𝑙𝑖𝑡𝑟𝑒 of water. 

Wall 2: Quantity required to construct Wall 2, of 13.74 𝑚2: 815 bricks, 86.4 𝑘𝑔 of 

cement, 396 𝑘𝑔 of sand, and 43.2 𝑙𝑖𝑡𝑟𝑒 of water. 

Wall 3: Quantity required to construct Wall 3, of 27.48 𝑚2: 1629 bricks, 180 kg of 

cement, 791.4 𝑘𝑔 of sand, and 90 𝑙𝑖𝑡𝑟𝑒 of water. 

Wall 4: Quantity required to construct Wall 4, of 13.05 𝑚2: 774 bricks, 85 𝑘𝑔 of 

cement, 376 𝑘𝑔 of sand, and 42.5 𝑙𝑖𝑡𝑟𝑒 of water.  

Total for the four walls: 4996 bricks, 553 𝑘𝑔 of cement, 2430.4 𝑘𝑔 of sand and 

276.5 𝐿 of water. 

4.3.3 Quantity of Plasterboards. 

Thermally insulated plasterboard has been used, this type of plasterboard 

combines the properties of plasterboard itself with those of the insulation material 

attached to it. Insulated plasterboard prevents heat escaping when the internal 

temperature exceeds the external and helps keep the interior cool when the 

exterior temperature exceeds the interior. This results in a warmer and more 

comfortable home which is more energy efficient. This type of plasterboard also 

contains a vapour layer to prevent moisture transmission into the wall. As stated 

above the plasterboard used was Celotex PL4000 which meets national Building 

Regulations and guidance (see Figure 4-4), (Celotex, 2011). 

 

Figure 4-4 Type of Plasterboard (Sheet, 2021) 
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➢ Plasterboard work for Wall 1. 

Wall area = 30 𝑚2, and board dimensions 2.4 𝑚 x 1.2 𝑚 = 2.88 𝑚2. 

Thus, total number of plasterboard sheets needed (30 / 2.88) = 11 sheets. 

➢ Plasterboard work for Wall 2. 

Wall area = 13.74 𝑚2, thus total number of plasterboard sheets needed = (13.74 

/ 2.88) = 5 sheets. 

➢ Plasterboard work for Wall 3. 

Wall area = 27.48 𝑚2, thus total number of plasterboard sheets needed = (27.48 

/ 2.88) = 10 sheets. 

➢ Plasterboard work for Wall 4. 

Wall area = 13.05 𝑚2, thus total number of plasterboard sheets needed (13.05 / 

2.88) = 5 sheets. 

4.4 The representation of One-bedroom house in BIM 

It is important to explain all the calculations related to the design of the asset from 

the point of view: materials (brick, cement, sand and water, plasterboard) and 

dimensions that will be the data needed for the sustainability engineering 

calculations and used in the framework of case study validation. Figure 4-5 is 

representing the one-bedroom house in BIM environment. 
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Figure 4-5: The representation of One-bedroom house in BIM (Author) 

4.5 Closing Remarks 

In conclusion, this case study has provided an overview of the materials used to 

build a simple one-bedroom, single storey house made from red bricks, mortar, 

wood, glass, and plasterboard. The walls were built in a traditional staggered 

pattern (the brick courses in the wall are staggered by half a brick relative to the 

courses immediately above and below) and the windows and door were installed 

after the walls were built. The house was insulated with plasterboard. This case 

study provides a good starting point for investigating sustainability issues related 

to the materials and construction methods used to build the house.  

The next chapter will extend the case study by discussing the heat transfer 

through the walls of the house. 
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5 COMPARATIVE CONDUCTION HEAT TRANSFER IN 

SIMPLE CONSTRUCTION ELEMENTS 

5.1 Introduction  

This chapter is presenting one sustainability issue regarding heat transfer which 

is related to energy efficiency highlighted in Table 2-1. It shows a paper base 

engineering calculations of heat transfer. It is going to present what typical 

engineering calculations that need to be used and what are the data of these 

different parameters to be obtained from Revit. Heat transfer rate through a wall 

is influenced by several factors, including the material properties, wall thickness, 

surface area and the temperature difference across the wall. Based on these 

factors the heat transfer rate through a brick wall and a precast concrete wall are 

likely to differ, and the more sustainable choice may depend on the specific 

design and operational requirements of the building. A hypothetical case study of 

the one-bedroom house as shown in Figure 5-1 will demonstrate how the 

calculation of heat transfer can add value to sustainability. 

The intension in this chapter is to evaluate how heat transfer through a simple 

wall structure can be investigated by examining the effect of constructing the wall 

with different materials. Here, for simplicity, the geometric, and admin information 

is the same for the different materials used, with the focus on determining how 

material selection can reduce heat transfer because the lower the thermal 

conductivity of an exterior wall, the less energy will be used for heating the 

enclosed space and that addresses one key sustainability issue. 
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Figure 5-1 Detailed description of the structure (Author) 

5.2 Conductive Heat Transfer Calculation for a Wall. 

Here we are concerned with the difference in heat flow rates through the wall for 

two types of construction, brick plus plasterboard and precast concrete. Thus, 

there is no need to consider heat losses through the windows, door, floor or 

ceiling provided the internal and external temperatures do not change. 

The thermal conductivity of a material is a property of the material and a measure 

of how well it conducts heat, so the rate of heat conduction is directly proportional 

to thermal conductivity of the material. Conduction is the transfer of heat through 

a solid material by molecular vibration. The following steps can be used to 

calculate the conductive heat transfer through a wall: 

1. Determine the temperature difference across the wall. This can be done 

by measuring the temperatures of the inside and outside surfaces of the 

wall. 

2. Determine the thermal conductivity of the walls, from their constituent 

parts, in this case, brick and plasterboard, and precast concrete. This 
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information is publicly available and can be found in the Revit, as shown 

in Figure 5-2. 

 

Figure 5-2 Different wall materials & parameters from Revit (Author) 

3. Determine the thickness of the wall. This will be immediately available from 

the design.  

4. Calculate the rate of heat conduction through a wall with multiple layers. 

This can also be done using Fourier's Law (Ali, 2020; Shahidian et al., 

2020; Zohuri & Fathi, 2015). 

Q = U A ∆T   𝑊𝑎𝑡𝑡𝑠 

For the wall alone, the U value is the overall thermal transmittance of 

the two layers: 𝑈 = 1/(
𝐿1

𝑘1
+  

𝐿2

𝑘2
) where 𝐿1 and 𝐿2 are the thicknesses of 

the two layers in metres and k1 and k2 their respective thermal 

conductivities in 𝑊/𝑚°𝐶. 

However, in any design office the actual formula for the heat loss 

through a wall is not as simple. In real life the designer must take into 

account the surface thermal resistances of the layer of air adhering to 

(5-1) 



 

65 

the inner face of the wall (typically 𝑅𝑖 = 0.13 𝑚2°𝐶/𝑊) and the layer of 

air adhering to the outer face of the wall (typically 𝑅o = 0.04 𝑚2°𝐶/𝑊) 

(CIBSE Environmental Design Guide A, Table 3.10, 7th edition). 

In the formula Q = U A ∆T, the value for U must include Ri and Ro.  

E.G., Ubrick wall = 1/(Ri + 
𝐿1

𝑘1
+  

𝐿2

𝑘2
 + Ro). 

Ubrick wall = 1/ (0.13 + 0.23/0.54 + 0.0375/0.022 + 0.04) = 1/ 2.30 = 0.435 

𝑚2°𝐶/𝑊.  

where,  

Q = Rate of heat transfer (𝑊). 

K = Thermal conductivity of material (𝑊/𝑚°𝐶). 

L = Material thickness (𝑚). 

A = Heat transfer area (𝑚2). 

U = Overall thermal transmittance (𝑚2°𝐶/𝑊). 

∆T = Temperature between the two faces of the wall (°𝐶). 

5.2.1 Calculation Data for a Brick Wall with Plasterboard. 

To calculate the heat transfer through a brick wall faced with a layer of 

plasterboard.  

Thermal conductivity of brick from Revit is 0.540 𝑚2°𝐶/𝑊. 

Thermal conductivity of Celotex PL4000 plasterboard is 0.022 𝑊/𝑚°𝐶 (Sheet, 

2021). 

Thickness of the brick wall is 230 mm, and the thickness of the plasterboard is 

37.5 𝑚𝑚. 

Length and height of Wall 1 are 10 𝑚 by 3 𝑚 respectively. 

The temperatures are taken to be 22 °𝐶 on the inside surface and 4°𝐶 on the 

outside. 
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Ubrick wall = 0.435 𝑊/𝑚2. °𝐶.  

For Wall 1 with brick and plasterboard, using Equation 5.1, Q = 0.435 x (30) x 

(22-4) = 235 𝑊. 

If all walls are external walls the total wall area is 84.27 𝑚2, so total rate of heat 

loss is 660 𝑊. 

5.2.2 Calculation Data for a Precast Concrete Wall. 

For comparison we calculate the heat transfer through a precast concrete wall 

with no insulation.  

Thermal conductivity of precast concrete from Revit is 1.040 𝑊/𝑚°𝐶. 

The dimensions of the wall remain the same, thickness is 230 𝑚𝑚, length = 10 

𝑚, and height = 3 𝑚. The internal and external surface temperatures remain 22 °𝐶 

on the inside surface and 4°𝐶 on the outside.  

Uconcrete = 1/ (0.13 + 0.23/1.04 + 0.04) = 1/ 0.391 = 2.56 𝑊/𝑚2°𝐶. 

For Wall 1 with concrete, using Equation 5.1, Q = 2.56 x (30) x (22-4) = 1382 𝑊.  

If all walls are external walls the total heat loss is 3.88 𝑘𝑊. 

Thus, using brick plus plasterboard rather than concrete for Wall 1 reduces the 

heat loss by just over 1 𝑘𝑊, and for all four walls by over 3 𝑘𝑊. 

5.3 Discussion 

The above results demonstrate that selection of materials for a structural wall, 

taking into account thermal properties can significantly reduce the overall heat 

transfer rate for the building in the given site environment. Brick walls are typically 

made of clay or clay-based materials and have low thermal conductivity, meaning 

that they are good at insulating against heat transfer. Whereas, precast concrete 

walls are made of a mixture of concrete, water, and aggregate materials, and 

have higher thermal conductivity. This means that precast concrete walls are not 

as good at insulating against heat transfer as brick walls.  
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In terms of sustainability, both brick walls and precast concrete walls can be 

sustainable, depending on the specific design and operational requirements of 

the building. Ultimately, the most sustainable option will depend on the energy 

consumption goals, climate, and other operational requirements of the building. 

Here the reduction in rate of heat loss for Wall 1 by replacing precast concrete by 

brick is about 1.1 𝑘𝑊 for the given wall area. Over the life of the building that 

might add up to a significant saving but how does it compare with change in cost 

of materials, maintenance, demolition and disposal. Applying the environmental 

heat transfer method to every wall in the asset can make the whole of the project 

more sustainable. Table 5-1 present the comparison of brick walls with 

plasterboard, and precast concrete walls regarding insulation and heat transfer: 

Table 5-1 Comparison of wall materials (Author) 

Feature Brick wall with plasterboard Precast Concrete Wall 

Insulation Good Poor 

Heat Transfer Slow Fast 

R-Value 2.3 0.391 

Plasterboard insulation is made of gypsum and paper. The selected type of 

plasterboard was discussed in Section 4.3.3. It is a good insulator because it 

traps air, which is a poor conductor of heat. When plasterboard is added to a brick 

wall, it significantly improves the wall's insulation and heat transfer properties. 

According to (Amro & Alibaba, 2020) The R-value is a measure of a material's 

ability to resist heat flow. The higher the R-value, the better the material insulates. 

Brick walls with plasterboard typically have an R-value in the range 2.3, while 

precast concrete walls without plasterboard have an R-value in the range 0.391. 
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5.4 Closing Remarks 

In conclusion, the calculation of heat transfer as the key sustainability issue 

through the case study wall showed important factors regarding the sustainability 

of the case study. Brick walls with plasterboard are better insulators than precast 

concrete walls. This means that brick walls with plasterboard are more effective 

at preventing heat loss or gain, which can lead to lower heating and cooling costs. 

When selecting a material for a structural wall, it is important to consider the site 

environment and the energy consumption goals of the building. In this case, brick 

walls with plasterboard may be the better option for reducing energy costs and 

improving sustainability. To conclude, this chapter demonstrated that in order to 

show sustainability when it is calculated in paper based is significant starting 

point. However, it is crucial to acknowledge that the true benefits and advantages 

of assessing sustainability calculations in BIM environment. 

The next chapter will demonstrate a framework of construction sustainability in a 

BIM environment. 
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6 THE DEVELOPMENT OF A SUSTAINABLE 

CONSTRUCTION FRAMEWORK BASED ON BIM 

6.1 Introduction  

The previous chapters achieved the following research objectives defined in 

Chapter One: reviewing relevant literature, identifying sustainability issues and 

demonstrating one case of a sustainability calculation. This chapter presents a 

framework that integrates key information, the construction value chain, the 

construction sustainability library, and required engineering calculation for each 

sustainable issue integrated into the CAD-Revit and BIM environment. This is to 

achieve the main aim of the research of enhancing the sustainability of 

construction projects. 

6.2 Construction Sustainability Framework in a BIM 

Environment 

A framework typically provides a conceptual structure or model for understanding 

and organizing complex phenomena or processes. It helps researchers 

conceptualize, categorize, and guide their thinking and analysis. 

Based on that Figure 6-1 presents a two-stage structure. This aligns with the 

characteristics of a framework because it provides a conceptual model for 

understanding and organizing the process of addressing sustainability issues in 

a construction project within a BIM environment. The two stages represent broad 

categories of activities and components rather than a detailed sequence of 

actions. 

The framework aims to address sustainability issues in a construction project in 

a BIM environment. The framework shown in Figure 6-1 is divided into two 

stages. Stage one involves managing the information related to the project and 

the construction value chain. In stage two, the focus is on addressing various 

sustainability issues and performing engineering calculations for each of them to 

establish a direct and integrated link with the CAD-Revit and BIM database. 
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Stage one: The BIM database is the core element of this stage, providing a single 

source of digital data about the construction project in real-time for all construction 

value chain phases and stakeholders as presented in Section 2.5.2 (Figure 2-6). 

Stage one is about information management, the three terms used at the top of 

the framework are defined as follows: 

A. Customer requirements: Are the requirements and wishes of the owner 

and may differ from those of the asset designers and construction 

contractors. These requirements could include location, area, overall 

conceptual design, number of rooms and floors, see Figure 6-1-A. 

B. Sustainability issue requirements: As this research project is about 

sustainability, so Figure 6-1-B has sustainability as a requirement. This 

include identifying key sustainability goals for the project also to track 

progress towards these goals and ensure that sustainability 

considerations are integrated throughout the project phases. 

C. Detailed project planning: All construction projects require detailed 

project planning of the asset as shown in Figure 6-1-C.  

D. Project start: All the contents of the construction value chain are given 

and presented to the key stakeholders. This process continues throughout 

the project as Illustrated in Figure 6-1-D. All stakeholders have real time 

access to the project information via BIM. Such information includes 

geometrical, technical and admin information. In this research, the author 

is proposing the addition of sustainability data in BIM which normally not 

available. 
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Figure 6-1 Illustration of a framework for managing sustainability issues in a BIM environment (Author).
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Stage two: Is focused on highlighting sustainability issues in an integrated 

manner and providing integration with Revit and BIM in a seamless way, and to 

achieve that will require: 

E. Construction sustainability library: Which involves a list of sustainability 

issues identified previously in Table 2-1 as shown in Figure 6-1-E.  

F. Sustainability issue engineering calculations: Provide the correct 

engineering calculations as shown in Figure 6-1-F to show that different 

sustainability issues will require different engineering calculations. Each 

calculation will involve material selection for, and dimensions, of the asset. 

In addition, the framework will also provide different parameters required 

for each engineering calculation in an easy-to-use format, which could be 

an Excel file or within the Revit CAD system from BIM database. 

G. TableGen: This is a Revit plugin application that allows the importation of 

the results of sustainability engineering calculations into Revit. It allows the 

user to import Excel spreadsheets to Revit as shown in Figure 6-1-G. 

Furthermore, Excel tables can be imported to Revit as drafting schedule 

views. It also brings images from Excel tables into Revit automatically 

synchronised with the Excel file. 

Finally, when the results from Excel are exported into the Revit model, the model 

will be uploaded, stored, visualized and read by BIM Collaborative Pro software. 

This allows stakeholders in the project value chain to easily understand, share 

and make informed decisions. 

Overall, the proposed framework will effectively address sustainability in a user-

friendly manner for companies to implement and do relevant calculations. The 

data will be transparently available to all construction value chain stakeholders. 

This generic construction sustainability framework in the BIM environment will be 

demonstrated in a hypothetical case study of calculating the embodied carbon 

emissions of the asset, see Section 6.3.    
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6.3 The Application of a Construction Sustainability Framework 

to the Embodied Carbon Footprint of a One-Bedroom House in 

a BIM Environment 

The development of the framework is validated for a specific sustainability issue, 

the calculation of the embodied carbon of the hypothetical case study of a one-

bedroom house as shown in Figure 6-2. The case is presented in the following 

sub-sections. 

6.3.1 Information Management. 

(A) Customer requirement of one bedroom house: The owner in this case is 

‘Mr Roy Smith’ who has to fill the requirement report shown in Table 6-1. The key 

information required is contained in a document that defines the project outcomes 

and sets out what the client is seeking to achieve.  It includes five main parts as 

follows: 

1. Project Overview: Describes the aim of the owner: to build a one-

bedroom house that can serve a single person or couple as occupants. 

2. Project Scope: Includes key elements for constructing the house 

according to the owner’s specification and sustainability concerns as 

shown in Table 6-1. 

3. Design requirements: Mr. Roy Smith has provided design preferences 

and requirements such as floor plan, number of bedrooms, number of 

doors, number of windows and adequate natural lighting where feasible. 

4. Technical requirement: Mr. Roy Smith expects the following technical 

specifications to be met: the overall square footage of the house, standard 

ceiling height, wall area to be constructed, Structural and insulation 

materials.  

5. Budget and timeline: The owner in this case has allocated a budget of 

£90,000 for constructing the house. The timeline for completion should be 

February 2024. 

(B) Sustainability issues requirement (Embodied carbon): The owner is 

environmentally conscious and emphasises the need to address the carbon 
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footprint of the house. Therefore, the sustainability issue of embodied carbon 

footprint must be calculated in detail in this project. 

Table 6-1 The owner information requirements (Author). 
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Figure 6-2 Illustration of the application of the BIM framework on embodied carbon of one-bedroom house (Author).
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(C) Detail project plan: Includes the set of key phases and activities as shown 

in Figure 6-3 and detailed as follows: 

1. Project Initiation Phase: Defines the objectives and requirements of the 

owner. 

2. Design and Planning Phase: Creates detailed architectural drawings and 

plans as well as the structural design of the one-bedroom house. Finalizes 

the house layout and material selection. Finally, the calculation of 

embodied carbon footprint of the house is completed.  

3. Pre-Construction Phase: preparing the construction site and ensuring 

the availability of utilities on site.   

4. Construction Phase: The foundation work is begun, followed by 

constructing the walls. Simultaneously, windows and door will be installed, 

and the roofing work will take place. The installation of plumbing, electrical 

system will follow. Once work on these systems is finished the flooring 

installation will take place. Finally, the installation of bathroom and kitchen 

fixtures will be carried out. 

5. Finalization and Closure Phase: A walkthrough with Mr Roy Smith will 

be conducted to review the finished house and address any concerns or 

final adjustments, ensuring documentation and paperwork are finalized. 

Finally, the keys and relevant documents will be handed over to Mr Roy 

Smith. 
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Figure 6-3 An example of detailed project plan of one-bedroom house (Author). 

6.3.2 Start of Construction Value Chain Work. 

1. Owner, as has been stated to be named, Mr Roy Smith.  

2. The design phase: In this hypothetical case the architect and structural 

designer undertake the design of the house. They have access to all the 

necessary design information via BIM to start designing the house as 

shown in Figure 6-4. 
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Figure 6-4 The overall design of the one-bedroom house (Author). 

The design information for the house includes the following details as shown in 

Figure 6-5:  

• Floor plans: The design shows the layout of the house's interior which is 

open floor plan, and includes the height and width of the windows and door 

as follows: 1050 𝑚𝑚 by 1200 𝑚𝑚, and 2134 𝑚𝑚 by 915 𝑚𝑚, respectively. 

The plan also shows the location of windows and door. 

• Elevations:  Show the exterior of the house from the front, back, and sides, 

including the dimensions of the house with total floor area of 50 𝑚2. It also 

shows the architectural style. 

 

Figure 6-5 Elevation and floor plan of the one-bedroom house (Author). 
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• Sections: These drawings show the interior of the house. They include the 

dimensions of the walls, the floor, and the ceiling, as well as the location 

of the beams, joists, and other structural elements. 

• Details: These drawings show specific details of the house, such as the 

construction of the roof, the installation of windows, and the finish of the 

walls. 

The structural designer ensures that the house well-structured and meets the 

standard regulations. The work starting with the following activity: 

• Selection of material:  

a. Brick of standard size (215 𝑚𝑚 x 102.5 𝑚𝑚 x 65 𝑚𝑚), and the quantity 

needed for construction is 4996 bricks.  

b. Plasterboard is Celotex PL4000 from Celotex Saint-Gobain with 

wallboard size of 2400 𝑚𝑚 x 1200 𝑚𝑚 x 37.5 𝑚𝑚, with 31 sheets 

needed for the walls. 

• The calculation of embodied carbon footprint for the one-bedroom house 

which will be explained in detail in Section 6.3.3. 

3. The construction phase: The actual construction is outside the scope of 

this research project, however the planning for the construction is provided 

as part of the project planning, as shown in Figure 6-3. 

4. The operation, maintenance and demolition phases are not included in this 

study. 

6.3.3 Embodied Carbon Footprint: Engineering Calculation 

Stage two: as shown in Figure 6-2-E the embodied carbon footprint is the major 

sustainability concern here. It has been selected from the construction 

sustainability library as the framework providing all the engineering calculations 

required plus details of all the parameters needed for the calculation. Figure 6-6 

presents the life cycle stages of a design and construction project that has been 

adopted from the Institution of Structural Engineers (Gibbons & Orr, 2020a).  
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Figure 6-6 Construction project life cycle information (Gibbons & Orr, 2020b) 

The concerns for this hypothetical case are the following: 

A1–A3 Stage of production carbon factors: Embodied carbon related to A1-

A3 modules. The carbon factor associated with these modules is dependent on 

the material specification, which varies based on constituent materials and 

manufacturing location. 

A4 Transport carbon factors: Typically, 10% of a structure's total embodied 

carbon is attributable to A4 emissions, which pertain primarily to the transport of 

materials and products from factory to site. It depends on distance travelled and 

mode of transport. 

A5 Carbon factors of construction and installation process: The emissions 

are divided into two categories. Emissions associated with materials discarded 

on site are identified as A5w emissions, whereas emissions associated with site 

activities such as construction equipment and site offices are identified as A5a 

emissions. 

1. A5w Material wastage: Waste factor WF is used to determine how much 

material is wasted on site. The A5w factor is derived by multiplying the WF 

by the sum of the relevant embodied carbon factor. A5w = WF × (A1-A3 + 

A4 + C2 + C3-C4). 

2. A5a Site activities: Emissions for A5a can be estimated using data from 

previous projects or industry studies. 
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According to (Gibbons & Orr, 2020a) the total embodied carbon in the materials 

used to construct one-bedroom house is presenting by the following equation: 

Total embodied carbon (A1 − A5)

= Total embodied carbon for bricks (A1 − A5w)

+ Total embodied carbon for plasterboard (A1 − A5w)  

+  Site activity (A5a)        

Moreover, Equation (6-2) presents the embodied carbon of each 

material during the lifecycle stage being considered (RICS, 2017). 

(6-1) 

Embodied carbon = Quantity of Material x Carbon conversion factor (6-2) 

The quantity of material of brick and plasterboard was determined in Section 4.3 

to be 4996 bricks and 31 sheets of plasterboard. The Carbon conversion factor 

for the stages A1-A5 is found in the project life cycle information of the material. 

Following are the detailed calculation of the embodied carbon in the bricks and 

plasterboard materials for the given one-bedroom house. 

6.3.3.1 Embodied Carbon Footprint for Brick. 

Here we demonstrate the concept of embodied carbon by considering the walls. 

Quantities: In Chapter 4 it was demonstrated that the total number of bricks 

required for each of the four walls was 1778, 815, 1629, and 774. A total of 4996. 

It was also shown that the volume of a single brick was 0.00143 𝑚3. Thus, total 

volume of all bricks = 4996 x 0.00143 = 6.994 ≈ 7 𝑚3. 

Mass of a brick = Volume of brick x density  

Where the density of Staffordshire Red Brick (KETLEY BRICK, 2020) = 2200 

𝑘𝑔/𝑚3.   

Thus, mass of single brick = 0.00143 x 2200 = 3.15 𝑘𝑔.  

Mass of brick in Wall 1 = number of bricks of Wall one x 3.15  

                                     = 1778 x 3.15 = 5600 𝑘𝑔. 
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Mass of bricks in the other walls are: 2656 𝑘𝑔, 5158 𝑘𝑔, 2424 𝑘𝑔 respectively. A 

total mass of 15,838 𝑘𝑔. 

a) Carbon Conversion Factors stages for Brick: 

• Production stage (A1 – A3) = 0.213 𝑘𝑔𝐶𝑂2𝑒/𝑘𝑔 (LETI, 2020) 

• Transport stage (A4) = 0.005 𝑘𝑔𝐶𝑂2𝑒/𝑘𝑔, assume locally manufactured 

as shown in Table 6-2. 

Table 6-2 Default distance values (Gibbons & Orr, 2020a) 

 

• Waste stage (A5w) = WF × (A1-A3 + A4 + C2 + C3-C4). 

Where, WF = 0.250 (see Table 6-3), for typical structural materials. 

Table 6-3 Selection of waste rate data (Gibbons & Orr, 2020a) 

 

C2 = 0.005 𝑘𝑔𝐶𝑂2𝑒/𝑘𝑔 (see Table 6-4), for the transport of waste material, 

assumed 50 𝑘𝑚 from site by road. 
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Table 6-4 Default values for module C2 (Gibbons & Orr, 2020a) 

 

C3-C4 = 0.013 𝑘𝑔𝐶𝑂2𝑒/𝑘𝑔 (see Figure 6-7), emission during processing of the 

waste material. 

 

Figure 6-7  C3-C4 Waste processing values (RICS, 2017) 

Waste stage (A5w) = 0.250 x (0.213 + 0.005 + 0.005 + 0.013) 

                                = 0.059 𝑘𝑔𝐶𝑂2𝑒/𝑘𝑔 

Therefore, applying the parameters to Equation (6-2) for Wall 1  

Embodied carbon for production (A1–A3) = 5600 x 0.213 = 1192.8 𝑘𝑔𝐶𝑂2𝑒 

Embodied carbon for transport (A4) = 5600 x 0.005 = 28 𝑘𝑔𝐶𝑂2𝑒 

Embodied carbon for waste (A5w) = 5600 x 0.059 = 330.4 𝑘𝑔𝐶𝑂2𝑒 

Total embodied carbon of bricks in Wall 1 (A1-A5w) = 1551.2 𝑘𝑔𝐶𝑂2𝑒 

The same procedure is followed to calculate the embodied carbon of the bricks 

in Walls 2, 3 and 4; 735.7 𝑘𝑔𝐶𝑂2𝑒, 1428.8 𝑘𝑔𝐶𝑂2𝑒 and 671.45 𝑘𝑔𝐶𝑂2𝑒 

respectively as shown in Figure 6-8. A total of ≈ 4387.13 𝑘𝑔𝐶𝑂2𝑒. 
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Figure 6-8 Total embodied carbon of brick walls (Author). 

6.3.3.2 Embodied Carbon Footprint for Plasterboard. 

a. Mass of plasterboard: total number of sheets = 31, volume of single 

plasterboard sheet = 2400 𝑚𝑚 x 1200 𝑚𝑚 x 37.5 𝑚𝑚 = 0.108 𝑚3. 

According to Celotex PL4000 plasterboard specification, density of 

plasterboard is 30 𝑘𝑔/𝑚3. So, mass of one sheet is 0.108 x 30 = 3.24 𝑘𝑔. 

In Section 4.3.3 it was shown that the number of plasterboards required for Wall 

1 was 11, so mass required is 11 x 3.24 ≈ 35.6 𝑘𝑔. 

Similarly, the mass of plasterboard for the other walls is: 16.2 𝑘𝑔, 32.4 𝑘𝑔 and 

16.2 𝑘𝑔 respectively. Total mass of plasterboard ≈ 100 𝑘𝑔. 

b. Carbon Conversion Factors for Brick Material at Stages Listed. 

• Production stage (A1 – A3) = 0.39 𝑘𝑔𝐶𝑂2𝑒/𝑘𝑔 (see Table 6-5), Minimum 

60% recycled content. 

• Transport stage (A4) = 0.032 𝑘𝑔𝐶𝑂2𝑒/𝑘𝑔 assumed nationally 

manufactured as shown in Table 6-2. 
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Table 6-5 Production embodied carbon factors (RICS, 2017). 

 

• Waste stage (A5w) = WF × (A1-A3 + A4 + C2 + C34) 

Where, WF = 0.290 (see Table 6 3), waste factor for typical structural 

material. 

C2 = 0.005 𝑘𝑔𝐶𝑂2𝑒/𝑘𝑔 (see Table 6-4), Transporting waste material, 

assumed 50 km from site by road. 

C3-C4 = 0.013 𝑘𝑔𝐶𝑂2𝑒/𝑘𝑔 (see Figure 6-7), emission for processing the 

waste material. 

Wastage (A5w) = 0.290 x (0.39 + 0.032 + 0.005 + 0.013)                                = 

0.128 𝑘𝑔𝐶𝑂2𝑒/𝑘𝑔. 

Therefore, applying the parameters to Equation (6-2) for Wall 1: 

Embodied carbon for production (A1–A3) = 35.6 x 0.39 = 13.88 𝑘𝑔𝐶𝑂2𝑒 

Embodied carbon for transport (A4) = 35.6 x 0.032 = 1.14 𝑘𝑔𝐶𝑂2𝑒 

Embodied carbon for waste (A5w) = 35.6x 0.128 = 4.56 𝑘𝑔𝐶𝑂2𝑒 

Embodied carbon for plasterboard in Wall 1 (A1-A5w) = 19.58 𝑘𝑔𝐶𝑂2𝑒                

The same procedure is followed to calculate the embodied carbon of the 

plasterboard in Walls 2, 3 and 4; 8.91 𝑘𝑔𝐶𝑂2𝑒, 17.82 𝑘𝑔𝐶𝑂2𝑒 and 8.91 𝑘𝑔𝐶𝑂2𝑒 

respectively as shown in Figure 6-9. A total of ≈ 55.22 𝑘𝑔𝐶𝑂2𝑒. 
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Figure 6-9 Total embodied carbon of plasterboard (Author). 

6.3.3.3 A5a Site Activity: 

Based on (RICS, 2017) Guide, site activity emission can be estimated. In the UK 

at the rate is A5a = 1400 𝑘𝑔𝐶𝑂2𝑒 per £100,000. However, the estimate is reduced 

by 50% for the construction of superstructure elements resulting in a rate of 700 

𝑘𝑔𝐶𝑂2𝑒 per £100,000.  

Here, the embodied carbon (A5a) for the total site activity = 700 x (£90,000 / 

£100,000) = 630 𝑘𝑔𝐶𝑂2𝑒 = 0.63 𝑡𝐶𝑂2𝑒 

To summarize: 

Overall, the embodied carbon footprint for the house, cradle–completion (A1–A5), 

based on one-bedroom and floor area 50 𝑚2 can be determined by summing the 

contributions of the individual embodied carbon for the materials used as follows: 

• Brick (A1-A5w) = 4387.13 𝑘𝑔𝐶𝑂2𝑒 

• Plasterboard (A1-A5w) = 55.22 𝑘𝑔𝐶𝑂2𝑒 

• Wooden windows and door, the carbon footprints were calculated to be 

327.6 𝑘𝑔𝐶𝑂2𝑒 and 241.8 𝑘𝑔𝐶𝑂2𝑒 respectively.  

• Site activity (A5a) = 630 𝑘𝑔𝐶𝑂2𝑒 
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Therefore, applying Equation (6-1) to determine the total embodied carbon for a 

one-bedroom house that obtain in Table 6-6. 

Table 6-6 Total embodied carbon footprint for one-bedroom house (Author). 

Material Quantity 

𝒌𝒈 

ECF kgCO2e/kg Embodied Carbon 

𝒌𝒈𝑪𝑶𝟐𝒆 

Total 

𝒌𝒈𝑪𝑶𝟐𝒆 

    A1 - A3 A4 A5w A1 - A3 A4 A5w A1 - A5w 

Brick wall 1 5600 0.213 0.005 0.059 1192.8 28 330.4 1551.2 

wall 2 2656 0.213 0.005 0.059 565.73 13.28 156.70 735.71 

wall 3 5158 0.213 0.005 0.059 1098.654 25.79 304.322 1428.8 

wall 4 2424 0.213 0.005 0.059 516.31 12.12 143.02 671.45 

Walls 15838 0.213 0.005 0.059 3373.49 79.19 934.44 4387.13 

Plasterboard 35.6 0.39 0.032 0.128 13.884 1.14 4.56 19.58 

wall 2 16.2 0.39 0.032 0.128 6.32 0.52 2.07 8.91 

wall3  32.4 0.39 0.032 0.128 12.636 1.04 4.15 17.82 

wall4 16.2 0.39 0.032 0.128 6.32 0.52 2.07 8.91 

Walls 100.4 0.39 0.032 0.128 39.16 3.21 12.85 55.22 

Windows 

and door 

              569.4 

              A1-A5w 

Total 

5011.75 

Site activity             A5a 630 
      

Total embodied 

Carbon 

5641.75 
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The embodied carbon emission of 112.84 𝑘𝑔𝐶𝑂2𝑒/𝑚2 for this one-bedroom 

house is relatively low compared to the embodied carbon benchmark of 500 

𝑘𝑔𝐶𝑂2𝑒/𝑚2.This means that the house was constructed using materials and 

methods that have a lower environmental impact. Figure 6-10 presents the 

embodied carbon benchmark which is a tool that can be used to assess the 

environmental impact of a building. It is based on the average embodied carbon 

emissions of buildings in a particular region. 

 

Figure 6-10 Embodied carbon benchmark (Pasanen & Castro, 2019) 

6.3.4 Embodied Carbon Footprint Results in a BIM Environment (BIM 

Collaborate Pro Software) 

The embodied carbon calculation results will be imported from Excel to Revit 

model via the Revit plugin application TableGen in four steps, as follows: 

1. In Excel, highlight the cells and information that need to be included in the 

Revit model. Then, Click Page Layout > Print Area as shown in Figure 

6-11. 
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2. In Revit, under the DiRoots tab, double-click TableGen to collapse it as 

shown in Figure 6-12.  

3. Select ‘’add tables’’ tab, it will go to the Excel file, then click on docs. In 

this case the information automatically unfolds itself by worksheet, as 

‘’Sheet1’’ and worksheet region is the ‘’Print_Area’’ as it has been saved 

in Excel, as indicated in Figure 6-13. 

4. Click “Apply” to confirm the selected file, return to the schedule to see if a 

sheet, ‘’Sheet 01’’, has been added in Revit. Subsequently, the information 

when it comes through can be seen exactly as it appears in Excel, as 

shown in Figure 6-14. 
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Figure 6-11 (1) TableGen application to Integrate calculation into Revit (Author). 
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Figure 6-12 (2) TableGen application to Integrate calculation into Revit (Author). 
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Figure 6-13 (3) TableGen application to Integrate calculation into Revit (Author). 
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Figure 6-14 (4) TableGen application to Integrate calculation into Revit (Author). 
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Figure 6-15 overview of one-bedroom house project in BIM (Author).
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Figure 6-15 illustrate the case study of one-bedroom house project in BIM 

Collaborate Pro which utilize the collaborative features of BIM as explain as 

follows: 

Project Docs: Different documents and files can be uploaded in Case Design, 

here we show the project of a one-bedroom house, see Figure 6-16. The platform 

is designed to cope with various types of files and documents related to the 

construction project. 

 

Figure 6-16 Project Docs view (Author). 

Project members: The project members involved are listed in project admin 

information, such as, Project Manager, architects and engineers. It allows the 

project manager to invite and add more team members, assign specific roles and 

permissions, and define their access levels to project documents and models 

(see Figure 6-17). 
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Figure 6-17 Project Members (Author). 

3D view: 3D visualisation and specific details of the object in BIM Collaborate 

Pro are presented in Figure 6-18 and Figure 6-19. The 3D model provides a 

detailed and accurate representation of the building, including its layout, 

materials, and systems. BIM Collaborate Pro also allows users to view and edit 

the properties of individual objects in the 3D model, such as materials, 

dimensions, and system information. 

 

Figure 6-18 3D Model view (Author). 
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Figure 6-19 Object Properties (Author). 

Sheet view: It allows the project members to navigate between different sheets 

in the project, such as floor plans, elevations, and sections, using a simple and 

intuitive interface. It can be easily switch between sheets and zoom in and out to 

view specific areas of interest (see Figure 6-20). 

 

Figure 6-20: The Side Elevation view (Author).
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The data can be edited and managed in TableGen, which can perform a wide 

range of operations, such as sorting, filtering, and calculating values. Also, it can 

edit the data directly, and any changes made will be marked in the original 

schedule view in BIM. The schedule view of the embodied carbon result can be 

uploaded and shared for collaborative actions by members on the project (see 

Figure 6-21). By using TableGen to manage and view schedule data in BIM, it is 

possible for the stakeholders to gain greater control over the project schedule 

and make better informed decisions based on up-to-date data. 

 

Figure 6-21 A screenshot presenting the embodied carbon result in BIM 

environment (Author). 

Project status: It shows the state of the model when it is updated by any of the 

project members, making it visible to other members, as illustrated in Figure 6-22. 

 

Figure 6-22 Project Status (Author) 
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6.4 Closing Remarks 

This chapter has presented a framework that integrates key asset information, 

the construction value chain, the construction sustainability library, required 

engineering calculations, and the BIM environment, with the objective of 

improving the sustainability of construction projects. The framework has been 

designed in a user-friendly manner to enable easy implementation and 

calculation by individuals and companies, while also ensuring transparency and 

accessibility of data to all stakeholders involved in the construction process. This 

study presented a generic framework which has the potential to bring significant 

positive changes to addressing sustainability issues in the construction industry. 

Finally, the framework developed was validated by the case study of designing a 

one-bedroom house and calculating the amount of embodied carbon, considered 

the key sustainability issue.  

The validation process in this research aimed to confirm that the proposed 

framework effectively served its purpose in improving the sustainability of 

construction projects, with a focus on embodied carbon calculations. It involved 

practical application in a case study, comparison with sustainability standards, 

evaluation, and potential refinement. This validation helps establish the 

framework as a valuable tool for the construction industry. 

The next chapter will present the conclusion of the research, aim and objectives, 

highlighting the contribution to knowledge. In addition, it will discuss possible 

future work. 
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7 DISCUSSIONS, CONTRIBUTION TO KNOWLEDGE, 

CONCLUSION AND FUTURE WORK 

7.1 Introduction 

The thesis concludes with Chapter 7. Section 7.2 presents a discussion of the 

research findings; this is followed by Section 7.3 which presents the contribution 

to knowledge made by the present research project and the research limitations. 

Sections 7.4 and 7.5 highlight the conclusions drawn and suggest relevant future 

research respectively. 

7.2 Discussion 

Currently, BIM plays a crucial role in driving digital transformation within the 

construction industry. Sustainability is an important issue for the construction 

sector, but has not yet been incorporated into BIM strategies due to a lack of 

knowledge and available applications. Hence, the subject matter discussed in this 

thesis is regarded as a significant advancement towards establishing a 

comprehensive understanding of sustainable construction projects based on a 

BIM environment.  

The research methodology consisted of several key components that contributed 

to the overall investigation into construction sustainability practices and their 

integration with BIM. It included a literature review, BIM investigation, case study, 

sustainability issues, engineering calculations, framework development, and 

practical validation. By adopting this methodology, the study aimed to contribute 

to the understanding and implementation of sustainable practices within BIM in 

the construction industry. 

The literature review was an important chapter of this thesis. It focused on 

conducting extensive research on sustainable practices in the construction 

sector, reviewing current literature, case studies, and reports from reputable 

sources. Importantly, a clear definition of what sustainability means in the context 

of the construction sector was established. This helped to guide the investigation 

and ensure that all findings are consistent with the established definition. In 

addition, the key stakeholders in the construction sector who have an interest in 
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sustainability were identified, such as government bodies, construction 

companies, architects, engineers, and building owners. Then interviews were 

conducted with different parties in the construction industry to gather their 

perspectives on sustainable practices and issues in the construction sector. 

Finally, it has promoted best practices based on the literature review and 

interviews.  

BIM can be used in sustainable construction to evaluate the environmental impact 

of design decisions, simulate building performance, and identify areas for 

improvement to meet sustainability goals. The literature review also highlighted 

how the full implementation of BIM level 2 would improve collaboration and 

reduce errors and misunderstandings between stakeholders. The construction 

industry is showing interest in implementing full collaboration via level 3 in BIM, 

which involves the use of real-time data exchange between all stakeholders.  

However, there are a number of challenges that the construction industry faces 

in moving towards BIM level 3. One is that not all the stakeholders in the 

construction value chain realise the importance of collaboration in a BIM 

environment. Many participants in the construction value chain have a lack of 

awareness, and insufficient understanding, of the capabilities and advantages of 

BIM, that complete adoption of BIM will achieve more effective collaboration and 

improved integration. Another important challenge is the lack of standards 

regarding sustainability in the construction industry. 

After examining the literature an issue was identified regarding lack of 

standardized information within BIM objects, which can unnecessarily complicate 

collaboration in construction projects. The most viable solution for this problem is 

to utilize the BIM model as a central source accessible to all parties involved in 

the project. The literature review also encompassed various technical aspects of 

BIM, including administration, technology, geometry, and the standardization of 

ISO19650. Additionally, the review explores past concerns related to 

sustainability in the BIM environment and highlights numerous advantages and 

potential benefits of integrating sustainability into BIM. 
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The first key finding concerned the construction materials of a hypothetical case 

study of one-bedroom, single-storey house. This key finding focused on the 

examination of construction materials and methods employed. This served as a 

valuable starting point for further exploration regarding sustainability issues 

relating to heat transferred through the building fabric out of the house and to the 

external environment. This study aimed to gain a deeper understanding of the 

thermal performance and energy efficiency of the house, thereby contributing to 

the broader examination of sustainability issues in the construction industry. This 

case study showcased the practical application of sustainability principles, 

specifically in relation to energy management and thermal performance. By 

examining the concept of heat transfer and evaluating different material options, 

the case study demonstrated how sustainable decision-making can reduce 

energy consumption, enhance energy efficiency, and mitigate the environmental 

impact of a construction project. Overall, this key finding served as a crucial 

stepping stone towards the development of a comprehensive framework for 

presenting and addressing construction sustainability issues within the BIM 

environment.    

Another key finding focused on the framework shown in Figure 6-1 for integrating 

sustainability issues within the BIM environment, describing two key stages that 

facilitate the incorporation of sustainability principles into the construction value 

chain. The first stage entails the management of project-related information and 

the construction value chain. Moving on to the second stage, the emphasis shifts 

towards tackling different sustainability concerns and conducting engineering 

calculations for each one. This is done to establish a seamless and 

interconnected connection with the CAD-Revit and BIM database. 

The effectiveness of the framework for integrating sustainability was also 

evaluated by applying it to assess the embodied carbon footprint of the one-

bedroom house in a BIM environment as shown in Figure 6-2. The evaluation 

offers the following implications and benefits:  
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1. Enhanced Decision-making: The evaluation of how to minimize embodied 

carbon emissions enables informed decision-making regarding material 

selection, construction techniques, and supply chain optimization. 

2. Improved Carbon Performance: The framework allows for the identification 

and quantification of embodied carbon, facilitating the optimization of 

design choices to reduce carbon emissions associated with the 

construction process. 

3. Stakeholder Collaboration: The integrated BIM environment fosters 

collaboration among and between stakeholders, ensuring a collective 

effort towards reducing embodied carbon and achieving sustainability 

goals. 

4. Knowledge Transfer and Learning: The evaluation of the framework 

encourages knowledge transfer and learning within the construction 

industry. By implementing the framework and sharing the findings of the 

evaluation, stakeholders can disseminate best practices, lessons learned, 

and innovative approaches to reducing embodied carbon. This promotes 

continuous improvement and contributes to the overall advancement of 

sustainable construction practices. 

5. Lifecycle Perspective: By evaluating the embodied carbon footprint within 

a BIM environment, a comprehensive lifecycle perspective is achieved. 

This includes considering carbon emissions during construction, as well 

as throughout the building's life cycle, informing decisions on renovation, 

operation, and end-of-life scenarios. 

The framework introduced in Figure 6-1 represents a novel approach to 

integrating sustainability principles into the construction value chain within a BIM 

environment. This implies that it offers a fresh perspective and innovative 

methodology for addressing sustainability concerns in construction. The 

framework's significance lies in its potential to bring about significant positive 

changes in the construction industry by seamlessly incorporating sustainability 

principles. It acknowledges the growing importance of sustainability and the need 
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for robust solutions within the BIM environment. Furthermore, the description of 

the framework's two stages, one focusing on project information and the 

construction value chain and the other on sustainability concerns and engineering 

calculations, suggests a rigorous approach. This implies that the framework was 

developed with careful consideration of the various components and processes 

involved in integrating sustainability. 

7.3 Contributions to Knowledge 

The following are the key contributions to knowledge made by this research: - 

1. The research uncovered a critical deficiency in the current BIM level 2 

object structure has shown a lack of sustainability data. It underscored the 

imperative of incorporating vital sustainability aspects into BIM objects, 

such as heat transfer and embodied carbon footprint, illuminating crucial 

areas for improvement.  

2. This study introduced a pioneering and versatile framework poised to 

catalyse substantial positive transformations in addressing sustainability 

challenges within the BIM environment. It established an integrated 

platform harmonizing project information, the BIM database, stakeholders 

across the value chain, a comprehensive library of construction 

sustainability issues, and their associated engineering calculations. 

Furthermore, it forged a seamless connection by integrating sustainability 

calculation results directly into the BIM database, promising a paradigm 

shift in sustainable construction practices. 

3. The study made a compelling case for embedding construction 

sustainability considerations within the BIM environment. It advocated for 

the development of specialized software to enable seamless sustainability 

calculations, positioning BIM as a transformative tool for sustainability in 

construction. 
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7.4 Conclusions: 

1. Construction sustainability issues have been studied for many years 

however, little has been done within the BIM environment. The research 

reported in this thesis has contributes to addressing this knowledge gap. 

2. It is important to have a thorough understanding of construction 

sustainability issues and related engineering calculations in order to 

address and integrate them into the BIM environment. 

3. The engineering calculations concerning construction sustainability issues 

have many different variables and parameters, and these should be taken 

directly from a BIM database if the different BIM objectives are to be fully 

met. 

4. In order to achieve an integrated framework to address construction 

sustainability issues in a BIM environment, the following elements are 

needed; project information, BIM database, the construction value chain, 

sustainability library and related engineering calculation equations as well 

as the provision of the required data needed for the engineering 

calculations. 

5. The validation case study of embodied carbon footprint of a one-bedroom 

house has demonstrated the effectiveness and the practicability of a 

construction sustainability framework within the BIM environment. 

6. Revit was used to create a 3D model of the one-bedroom house, while 

BIM was used to create a database of information about the house. This 

demonstrated how a model would be shared between stakeholders to 

improve the quality of the house, identify potential problems, and track the 

progress of the project. 

7. BIM Collaborate Pro is a cloud-based BIM platform, which provided a 

central location for the information regarding the one-bedroom house and 

could be extended to all types of construction project. Thus, the embodied 
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carbon results for different objects of the house can be visualized in 3D for 

all stakeholders involved in value chain within BIM Collaborate Pro. 

The research has added fundamental aspects in the integration of sustainability 

considerations within BIM environment. Traditionally, BIM primarily focuses on 

the geometric and physical aspects of a construction project. However, in this 

study, the framework has been developed to incorporate sustainability as a core 

aspect of the BIM process. In addition, the framework involves the integration of 

stakeholders within the value chain. Moreover, The inclusion of a library of 

construction sustainability issues. Finally, the integration of sustainability 

calculation results into the BIM database represents a significant change. This 

ensures that the sustainability data is not isolated but becomes an integral part 

of the project's information. 

7.5 Future Works 

The framework for integrating sustainability issues in a BIM environment provides 

a solid foundation for future research work. Here are some potential areas for 

further exploration: 

• This research presented a limited list of construction sustainability issues. 

However, a more comprehensive list needs to be compiled to cover all 

common aspects of construction sustainability issues. 

• The automation of engineering calculations concerning sustainability 

issues within the BIM environment is a promising area for future research. 

By developing automated tools and algorithms, researchers can 

streamline the process of assessing sustainability factors, such as 

embodied carbon.  

• The parameters of the construction engineering calculation equations 

could be taken directly from the BIM database if the right advanced micro 

coding could be established between the Excel spreadsheet and BIM 

database. 
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• Modifying the structure of BIM objects could help to better represent 

sustainability issues. However, that would require access to the source 

code of the BIM database which is currently under the control of BIM 

software houses. 

• BIM technology requires specialized skills and knowledge, and the 

process of adding detailed technical data to the BIM model can be 

complex. Therefore, there is a need for a BIM developer who is 

responsible for creating, maintaining, and managing the BIM model. 

• The framework has been tested and validated in one case study, but it is 

important to further test and validate it in a wider range of cases. This will 

help to ensure that the framework is effective and reliable in a variety of 

settings. 

• There is a need to develop a standard for storing sustainability information 

in the BIM model. It is important to address this issue, as clear established 

standards will make it easier to share and use sustainability information 

across different projects and organizations. 

• There is a need to emphasize the role of government in expanding the use 

of BIM to achieve sustainability in the construction industry and the design 

of sustainable buildings. 
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