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Abstract 

The ethos behind green building development is to create facilities that must minimise waste and energy use 

throughout their life cycle stages. One paradigm behind the design of green buildings is the focus on selecting 

material and design solutions based on durability/reliability and longevity performance criteria. Furthermore, the 

endeavour behind the investment in green buildings is to improve life cycle operation performance through the 

reduction of energy, water use, waste, and operation and maintenance costs. There is emerging evidence to 

suggest that the operational performance of green buildings has a significant impact on their rental and market 

value. Therefore, considering operational features during the early stages of value planning will probably go a 

long way to protect and increase the value of investment in green real estate by taking into consideration risks 

and initiatives to improve the energy efficiency and sustainability of assets throughout their entire life cycle.   

In this study, it is deemed important that both tangible and intangible value creation processes and drivers 

should be explored in the quest for value creation in green building development. A combination of literature 

sources identified the value drivers that were reported to be important for value creation in green building 

development and a list of risks that may have a negative impact on value created by green building design. In 

total, 66 risk factors and 98 value drivers were identified which are split between five homogenous groups.  The 

list of value drivers and risk factors were used to develop a questionnaire to assess their effectiveness in value 

creation. 

Both qualitative and quantitative approaches were used in this research. The literature review has been used to 

synthesise existing knowledge to identify gaps in knowledge in the proposed research area and to confirm and 

articulate the research questions and objectives.  A hand-delivered survey was used as the main method for data 

collection. The questionnaire was designed and then tested on a small sample of academics to make sure the 

questions were correctly understood. The participants were selected randomly from a pool of experts who are 

knowledgeable about value engineering analysis in Saudi Arabia construction industry. 

The developed value creation framework and associated assessment risk and value tools are usable at the early 

stages of preparing a business case and design for developing green buildings. The framework and tools can be 

used to assist in sustainability and value for money analysis. The value generated from investment in green 

buildings will hinge on the level of value creation strategies inducted into the project brief and on the perceived 

risks from not including some of the value generating strategies. In addition, the proposed generic framework 

provides appropriate opportunities for the stakeholders to assess value and risk impacts before the actual 

construction starts. It will provide a cheap alternative simulation environment for testing what if scenarios. 

Although value drivers and risks are mainly derived for green building assets, as commonalities across similar 

building projects exists, this will provide appropriate opportunities for this research to be utilised in other 

building types as well. In addition, the study has attempted to elicit value creation drivers that can be used to aid 

value engineering analysis become a usable tool that assists in unlocking value in the development of green 

buildings. The risks that challenge the destruction of value are also considered for adoption into a practical tool. 

This is achieved in part by defining the drivers that contribute to value creation and in part by defining the risks 

that may have an impact on realising the identified value.  
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Chapter 1: Introduction 

 Introduction 1.1

This introductory chapter describes the problem identified in this research together with the 

research context. The chapter further presents the research questions and subsequently its aim 

and objectives. The final section of this chapter provides an overview of this research and the 

structure of this thesis. 

 Research context  1.2

In recent years, there has been an increase in the amount of literature on value across multi-

disciplinary areas such as business, economy, construction, industry and many others. 

Modern construction work has become more complex and immense because it requires 

several parties to participate in the construction, such as stakeholders, consultants, designers, 

contractors and suppliers of materials. Coordinating these parties is a big challenge in the 

execution of a construction project. It is argued that the technique of value management helps 

to improve communication between the project's parties, accommodate mutual understanding 

of the project objective, provide better quality project definition, build innovation and 

eliminate unnecessary cost (Connaughton and Green, 1996). Moreover, risk management also 

has some benefits, such as providing better control of uncertainty, helping the decision-maker 

to choose the right project, improving team communication and motivation, providing for risk 

at minimum cost and protecting the project cost (Godfrey, 1996). Langford (2007) reflects 

that value can be understood in a multitude of ways including through economic, cultural and 

social interpretations. The indicator for perceiving value in construction projects is obtaining 

success in those projects, which involves tolerance level of risk, reasonable cost, timely and 

safe completion within specific quality parameters and meeting normal requirements (ICE, 

1996). Leek and Christodoulides (2012) state that few studies have investigated how 

situational factors such as risk impact the perceived value. In addition, Boussabaine (2007) 

believes that whole-life-cycle value exchange mechanisms are risky, complex and might have 

an effect on adding value. He also believes that the whole life cycle of value is composed of 

value exchange and value creation. Therefore, he points out that a deeper investigation of the 

risks associated with value exchange is needed, as well as a need to focus on finding 
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mechanisms for a sustainable framework of the whole life cycle of value creation, and to 

focus on developing value targets within the whole life-cycle agenda.  

Some publications mention that value and risk management are two of the main management 

concepts relevant to the construction industry in improving important demands like quality 

and cost control. Value management aims to achieve the desired value with lower prices, 

without any sacrifice in quality and function. Risk management aims to identify, evaluate and 

choose strategies to maintain uncertainty and risk at a tolerable level for the organisation to 

maximise its performance. Unfortunately, according to Alalshikh (2011), Saudi Arabia does 

not consider risk in the development of construction projects, let alone in green building 

development. Birkenfeld et al. (2011) points out that “many organizations that have 

implemented green building initiatives find that simply the process of evaluating their current 

processes identifies waste, drives improvements, and saves money”. Lützkendorf and Lorenz 

(2007) provide a strong argument for the value that might be created from green buildings: 

“ownership results in various direct and indirect financial benefits for investors and other 

stakeholders, ranging from drastically lower operating costs to improved marketability, 

longer useful life-spans, more stable cash flows, reduced exposure to increasingly stringent 

environmental legislation and significantly increased occupant productivity and well-being”. 

Organisations in Saudi Arabia are not different from organisations that have benefited from 

the use of green buildings. Therefore, there is a need to set up a framework for improving the 

creation of value during the building development stage in Saudi Arabia by integrating value 

and risk with project management. 

 Statement of Research 1.3

It is widely recognised that all projects have opportunities for improved value creation. Green 

building development is not different. Improving value creation in green building 

development by improving function longevity, operation and maintenance costs leads to 

improving building performance reliability, quality, safety, and life-cycle cost. This results in 

additional revenue to the building owner. However, insufficient attention has been given to 

the theoretical study of the value constructs (Winter et al., 2006). Snoj et al. (2004) mention 

that perceived value has a multi-dimensional concept that can be affected by the dynamic 

nature of risks or benefits. In addition, the authors find it important to measure the impacts of 

perceived risk and perceived quality on the perceived value. However, according to Snoj et 

al. (2004) there has been little discussion about the field of perceived risk. Therefore, the 
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author suggests that contemporary researchers should focus more on the field of risk for 

further research, especially within theoretical and empirical research. Leek and 

Christodoulides (2012) support the view that there are few studies investigating how 

situational factors such as risk impact the perceived value in the industry sector. Eggert et al. 

(2006) state that it is important to connect value creation dimensions through the life-cycle 

stages. Boussabaine (2007) mentions that developing value strategies in the construction 

industry to the benefit of the client and the end users and the built environment in general will 

be assisted by measuring the performance of whole-life-cycle value creation. Thus, a deeper 

investigation of the risks associated with value exchange is needed. Furthermore, there is a 

need to focus on finding mechanisms for creating a sustainable framework for the whole life 

cycle of value creation, in addition to a need to focus on developing the value target within 

the whole life cycle agenda (Boussabaine, 2007). Birkenfeld et al. (2011) point out that 

tangible value in green buildings might be hard to achieve. But he goes on to suggest: 

“intangible benefits of green building also exist. Of these intangible benefits, improved 

productivity is a valuable factor. With even a modest improvement in productivity, the 

corresponding increase in firm value may make more green building initiatives worth the 

investment”. Although there a large number of tools to assess the environmental performance 

of green building, Chappell and Corps (2009) suggest that there is “a significant disconnect 

between the building/design community and the financial/investment community on how to 

quantify and validate this value”. Moreover, City Development (2015) advocates the view 

that “the interrelation between our business and sustainability performance leads to value 

creation over the short-, medium- and long-term”. It is accepted that value analysis is able to 

identify project development contextual issues and provide opportunities to optimise the 

design and operation of the green building asset during early stages of development. 

However, according to Alalshikh (2011), Saudi Arabia does not consider risk management in 

construction project development; therefore, there is a need to set up a framework for 

improving project value by integrating value and risk in the development of construction 

projects.  

 Research Questions 1.4

On the basis of the research problem and context, this research seeks to answer the following 

questions  
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 What is the appropriate conceptual model that can help to represent value creation and 

risk in green building development?   

 What are the most important value creation drivers in green building development? 

 What are the most influential risks on value creation drivers in green building 

development? 

 What is the most appropriate tool for assessing value creation and risk in green 

building development? 

 

The efficiency in delivering value by integrated risk, value drivers and corporate objectives 

has the potential to link a project’s outcome to the company’s strategic objectives. Value 

analysis and value management are increasingly becoming part of the construction industry’s 

development in Saudi Arabia. Therefore, the Saudi Arabian construction industry will obtain 

significant benefits from the application of value and risk management in all projects. The 

researcher believes and assumes that the integrated value framework is an area that has great 

potential for the application of green building development in order to manage investments in 

construction projects and ensure that the value drivers contribute positively to the particular 

business outcomes of products, services and/or projects during the life cycle of building 

assets. 

 Research aim and objectives  1.5

 Aim  1.5.1

This research aims to develop a framework for integrating risk and value drivers with 

corporate objectives at the project level.  

 Objectives 1.5.2

In order to reach that aim, the following objectives are set: 

 To define the concepts of value and value management technique and its history; 

 To review the value frameworks and the underlying assumptions and theories that 

underpin these frameworks; 

 To develop a value creation framework for green building assets; 

 To extract value drivers in the green building life cycle development; 

 To extract risks that may have an influence on value creation; 
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 To analyse the influence of risks on value creation in green buildings; 

 To develop an assessment to tool for assessing value creation in green building 

development.  

 To apply (test) the assessment tool on real case studies.  

 Structure of the research 1.6

A summary of the research process is shown in the following Figure1-1. This thesis is 

divided into 12 chapters, as outlined below.  

Chapter one: the current chapter has introduced the field of research and defined the aim and 

objectives of this study.  

Chapter two: this chapter will provide an overview of the existing value frameworks.  

Chapter three: this chapter will present a proposed value creation framework and its 

application.  

Chapter four: this chapter will review and extract value drivers that are necessary for value 

creation in green buildings.   

Chapter five: this chapter will review and extract risks that may have a negative influence on 

value creation.  

Chapters six: this chapter will explain the research methodology and outline the design and 

development of the questionnaire survey. 

Chapter seven: this chapter will introduce the first stage of the data collection and analysis 

which presents the descriptive statistics and data ranking by using Microsoft Excel and SPSS 

software. The results of the descriptive analysis in this chapter will be elaborated and the 

perceptions of professionals involved in Saudi Arabian construction projects will be 

discussed in detail in the next chapter. 

Chapter eight: this chapter will test the research hypotheses based on the respondents’ 

perspectives. 

Chapter nine: this chapter will present the factor analysis and data reduction which will be 

used in developing the assessment tool. 
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 Chapter ten: this chapter will present the development of an assessment tool for value 

creation of green building design. 

Chapter eleven: this chapter will discuss the research results.  

Chapter twelve: this chapter will draw the research conclusions, explain the contribution to 

knowledge and highlight the research limitations and recommendations for future work. 

 

Figure 1-1 Summary of the Research Process 
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Chapter 2: Value Frameworks and Definitions 

 Introduction 2.1

This chapter will explain the definitions and concept of value technique followed by types of 

value and then will clarify Value Management (VM) definitions and history and review some 

of the existing value frameworks in order to integrate a new value framework. 

 Value definitions 2.2

In order to understand the value drivers and their effectiveness, value must be clearly defined. 

The Oxford English Dictionary (2012) defines ‘value’ (noun) as: “the regard that something 

is held to deserve; the importance, worth, or usefulness of something” and also defines 

‘values’ as “principles or standards of behaviour; one’s judgment of what is important in 

life” and ‘value’ (verb) as: “estimate the monetary worth of”. British people also use the 

phrase ‘value for money’, which means, “in reference to something that is well worth the 

money spent on it”. 

In addition, Cambridge Dictionaries Online (2011) defines value as “The importance or 

worth of something for someone” and “How useful or important something is” and ‘values’ 

are defined as “the beliefs people have about what is right and wrong and what is most 

important in life, which control their behaviour”. Value could be described as money: “the 

amount of money which can be received for something”, or in a verb form (US appraise), “to 

give a judgment about how much money something might be sold for”. 

Furthermore, Kelly et al.’s (2004) definition of value is “a relationship between time, cost 

and variables that determine the quality the client seeks from the finished project”. SAVE 

International (2007) defines value as “a fair return or equivalent in goods, services, or money 

for something exchanged”. VM Services (2011) define the values used in value management 

and/or value engineering as “The lowest cost to reliably provide the required functions or 

service at the desired time and place and with the essential quality”. 

The previous value definitions demonstrate that value does not deal with cost only. 

Therefore, it can be said that cost is only one of the assessment methods or criteria for 

achieving the value of a product, a project or service. Moreover, clients expect many other 

criteria to meet their requirements, for instance, time and quality variables. However, value is 
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a way of assessing something from a different point of view, one which might be taken by a 

person or group of people. As a result, the value of something could vary depending on 

circumstances such as place, time, culture and environment as well as the background of the 

evaluators and other factors linked to human judgment.  

 

 Concept of value  2.3

In the new global economy, the concept of value and adding value has become a central issue 

for industries and all human life. Blockley and Godfrey (2000) explain that we make 

decisions based on our preferences, which lead us to decide which option is better than 

others. They note that worth is one of the attributes considered when one makes a choice, and 

value is simply that worth. Kelly et al. (2004) point out that social and psychological factors 

are important aspects of value needed in order to make choices and to manage projects or 

organisations. These views are supported by Thiry (1997), who writes that the concept of 

value is very subjective and that value has different meanings to different people. Kelly 

(2007) claims that value cannot be defined because value is more adjectival than substantive. 

Perry’s (1914) opinion about value is that it is present when a person is interested in a thing 

and derives satisfaction from it (cited in Kelly, 2007).  

 

However, all the previous definitions of value suffer from some limitations, as Blockley and 

Godfrey (2000) argue. They note that there are both hard and soft values. In addition, they 

state that measuring the worth of hard value is more easily accomplished than measuring the 

worth of soft value, which is often partly personal, partly shared and not easily measured 

dependably. Therefore, there is a danger of ignoring any values that may be difficult to 

measure. Table 2-1 demonstrates examples of values that are related to construction, and 

these values are classified as to hard and/or soft. 
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Table 2-1 Example of soft and hard values, adapted from Blockley and Godfrey (2000) p146 

Values Explanation Hard and/or Soft 

Customer satisfaction Exceeding expectations, providing 

what is wanted and needed, fulfilling 
a desire 

Soft 

Shareholder value (non-financial) Reputation, good will, customer 

loyalty, desire to own 

Soft 

Money Profit, share price, financial 

measures (such as return on capital, 
dividend cover, etc.), initial costs, 

life cycle costs, opportunities, 

expectations about future value 

Hard 

Utility Usefulness, utility as in utility theory Hard and Soft 

Health and safety Harm, human life, injury, quality of 
life 

Hard and Soft 

Performance Functionality, reliability, damage, 

simplicity/complexity 

Hard and Soft 

Buildability Constructability, level of 

standardisation, waste 

Hard 

Operations Availability, efficiency, ease, 
convenience/difficulty 

Hard and Soft 

Environmental Impact Aesthetic, biological, loss of 

diversity, elegance, pollution, waste, 

efficiency 

Hard and Soft 

Sustainability Natural resources, energy 
consumption 

Hard 

Ethics Individuals, groups, professional 

standards, future generations 

Hard and Soft 

 

Logically, providing a different set of soft values within the hard value measurements of 

time, cost and quality will help and will be a more appropriate means of evaluating progress 

in the construction industry, such as its productivities (Langford, 2007). This issue of hard 

and soft value was expanded by Nogeste and Walker (2005), who illustrate the features of 

tangible and intangible outcomes of projects in order to make the intangible tangible. They 

argue that a project’s success is not limited by an iron triangle of time, cost and quality, but 

rather suggest a desire to identify further visionary measures of project success criteria, which 

might be intangible. 

The component of value can be expressed in objective and subjective units of currency, effort 

or exchange. Objective components look at value from an economic perspective, which is 
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related to hard values such as cost and price whilst subjective components are linked to 

human judgment, which is difficult to define explicitly (Kelly et al., 2004). 

One of the main reasons for studying value is to reduce cost and obtain proper performance 

and quality, thus improving value. Therefore, Al-Yousefi (2009) states that value components 

are considered in the following figure (Figure 2-1), with the three items function 

performance, function quality and/or life cycle cost (LCC) or the total cost. 

 

Figure 2-1 Value Components (Al-Yousefi, 2009) 

 

 

Where: 

 Function performance = the mean conception of the project; 

 Function quality = client expectations and requirements that reflect the project 

attributes; 

 Total Cost or Life Cycle Cost (LCC) = the summation of the costs that are estimated 

from the beginning of the project until its completion. 

Publications like the Construction Industry Research and Information Association (CIRIA) 

Value Management in Construction: A Client's Guide by (Connaughton and Green, 1996) 

and the Institution of Civil Engineers (ICE) design and practice guide, Creating Value in 

Engineering (ICE, 1996), illustrate that value will be measured as a ratio of the function to its 

LCC cost, as shown in the following formula:  

      (Equation 1)  
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Al-Yousefi (2009) points out that knowing whether the value of a project is high or low will 

be helpful in looking for alternatives and choosing the best. Therefore, he considers the 

following formula, where the highest and lowest measurement of value for any item (i.e. 

functional performance, quality, cost) can range between 10 and 1:

     (Equation 2) 

In addition, the British Standards Institution (2000) (BS EN 12973: 2000) mentions the 

concept of value that is used in value management, seen as the relationship between the 

satisfaction of needs, i.e. soft value, and the resources used to gain that satisfaction, i.e. hard 

value: 

   (Equation 3) 

Thiry (1997) states that value is always customer-oriented and he demonstrates the formula 

for customer value as: 

  (Equation 4) 

However, Boussabaine (2007) believes that the whole-life-cycle values consist of the value 

exchange (tangible and intangible) of a product, service, knowledge or many other factors in 

receiving and creating value. There is no absolute value; rather, it varies from project to 

project and from stakeholder to stakeholder, even within any single project, because people 

have different knowledge, culture, etc. Therefore, Boussabaine points out that the whole-life-

cycle values exchange might be formulated as the following; 

        (Equation 5) 
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          (Equation 6) 

Where: 

VR = value received by any whole-life-cycle stakeholders 

Sj = satisfaction j in terms of tangible and intangible value  

P = price (tangible and intangible) for value(s) received 

VC = value created for exchange among whole-life-cycle stakeholders 

C = cost incurred in creating VC 

Boussabaine mentions that the ratio of satisfaction, the gain from tangible and intangible, and 

the price and costs are modelled in value received by any whole-life-cycle stakeholders, VR, 

and value created by exchange for whole-life-cycle stakeholders, VC, in order to receive and 

create value. 

To sum up, value is a critical issue that should be considered in any project without 

neglecting any part of it, tangible or intangible. Value is not absolute; some aspects of it can 

be estimated and others are difficult, and might vary with the current circumstances or 

surroundings of any project, such as parties, knowledge, culture, religion, needs, regions and 

other factors that may affect value. Obtaining good value requires some techniques to manage 

significant aspects such as value management, value engineering, value analysis and value 

supply chain. 

 Types of value 2.4

Categorising the types of value depends on the client’s perspective. There are many types of 

value, all of which should be optimised in regards to which is the most important to be 

considered and which might be considered less important (Thiry, 1997). In addition, 

Panneerselvam (2012) mentions that the term ‘value’ is described in many different ways and 

with many different meanings. The designer might relate value to reliability, the purchaser to 

the price of the product or service, the production personnel to the cost to produce the item in 

the factory, and the salesperson to meeting the customers’ willingness to pay for the product. 
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This is supported by Kelly et al. (2004), who mention that value can be assessed from many 

perspectives, which might vary from producer, customer, consumer or user.  

Some scholars like Zimmerman and Hart (1982), Panneerselvam (2012) and Thiry (1997) 

divide value into: (1) cost value, which refers to the summation of the cost of all current 

resources such as labours, materials and many other requisite costs in order to achieve a 

product or provide a service that can be measured by unit of money; (2) exchange value, 

which means the amount of all resources for which an item or service could be traded for 

other items or certain amount of money; (3) use value, which describes the value gained from 

the function performed, i.e. function delivered as it was proposed or planned; and (4) esteem 

value, which refers to emotional regard for the quality and appearance of a product that 

attracts the person to possess or purchase it. Thiry (1997) added one more category, which is 

function value. Function value is the relationship between function worth and function cost. 

Mudge (1989, cited in Kelly et al., 2004) also quotes Aristotelian classifications of value as 

economic, moral, social, political, aesthetic, judicial and religious. The Commission for 

Architecture and the Built Environment CABE (2006) clarifies the different types of value 

that should be delivered by the built environment, which are: exchange value, use value, 

image value, social value, environmental value, and cultural value. In addition, the National 

Productivity Council web access (2003) divides the economic value of a service or product 

into: use value, exchange value, esteem value, cost value, place value and time value.   

 Brief history of value management 2.5

The technique of value management (VM) was developed in America during World War II 

by Lawrence D. Miles, who was working for the General Electric Company. Miles pursued 

an alternative way to overcome the shortage of materials and components caused by the war. 

He was charged with developing a method of function analysis to generate alternative 

products with the same quality and lower cost. After the war ended, his approach was 

modified to remove unnecessary costs and improve design (McGeorge and Palmer, 2002). 

The innovative approach integrating the concept of functional analysis was termed value 

analysis (VA) (SAVE International, 2007).  

Ten years later, the United States Department of Defense applied this technique instead of the 

cost reduction technique that was commonly used at that time, and changed the term VA to 

value engineer (VE) (Dallas, 2006; Al-Yousefi, 2009). The reason for replacing the term was 
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that the old one implied some reduction in the quality performance of the products and did 

not achieve consumer satisfaction (Al-Yousefi, 2009). The Society of American Value 

Engineers (SAVE) was founded in 1959 in Washington, D.C. (SAVE International, 2007). 

Until the 1970s, VE was applied only in the manufacturing sector, but around that period the 

US started to use value engineering in construction projects (McGeorge and Palmer, 2002). 

The VE technique has been broadly used in the US and it has some problems, as it is based 

on a comparison that seeks to exchange high-cost components with cheaper alternatives 

(McGeorge and Palmer, 2002). McGeorge and Palmer also declared that some British 

companies tried to apply the American system of value engineering but failed due to certain 

differences between the two countries. Therefore, the term VE was changed to value 

management (VM), and some modifications were made to the US experience of function 

analysis, for instance, the team and timing of the study that might help to achieve success in 

VM (McGeorge and Palmer, 2002; Dallas, 2006). In the UK, VM in construction appeared in 

the late 1980s (Kelly et al., 2004). Soon, value management improved value for many sectors 

like government projects, the private sector, manufacturers and construction, and the concept 

of value grew and was extended worldwide (SAVE International, 2007). 

 

 Definition of value management  2.6

There are many interpretations of value management around the world and there is no 

specific definition that summarises the different meanings while relating to all of them. 

Woodhead and Downs (2001) note that the most accurate definition, one that covers the 

complete meaning of value management, might not be captured by a single definition – in 

other words, putting definitions together provides the opportunity to obtain higher 

understanding. This is supported by Dallas (2006), who argues that the definition of value 

management cannot capture all the different definitions in one or two brief sentences. Male et 

al. (1998) give a descriptive definition of value management as “a proactive, creative, 

problem-solving or problem-seeking service which maximises the functional value of a 

project by managing its development from concept to use”. In addition, they note that 

applying/using the value management framework in the construction industry would involve 

reviewing strategic decisions during the construction project at different stages. From their 
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point of view, it can be said that the previous definitions lead to an understanding that value 

management assists a project to be project-orientated.  

Communally, value management is a tool for managing projects (Ellis et al., 2005), which is 

necessary to achieve project success and might be used as a project basis, as mentioned by 

the Office of Government Commerce (OGC, 2003). However, the value management 

technique can be applied outside the area of projects; as Bone and Law (2000) describe, value 

management can be seen as a planned/structured framework that guides the review of any 

project, process, product or service. Dallas (2006) describes the study of value management 

as designed to add value to a project or part of a project. Some researchers such as Hamilton 

(2002) mention that value management might be accepted as a continuous approach. For 

example, the Highways Agency (2009) declares in its value management manual that value 

management is a strategic tool to maximise value for money and efficiency as well as to 

continuously review the needs and control the development of a project. The value 

management technique can be used to determine how to create the best value for services or 

products that must be sustained on the basis of the function (Fong et al., 2001). Bone and 

Law (2000) describe value management as a business tool applicable in the manufacturing 

business, construction, infrastructure and transportation businesses, programmes or services. 

Green (1994) defines value management as “a structured process of dialogue and debate 

among a team of designers and decision makers during an intense short-term conference”. 

Green’s definition does not include function analysis, which is one of the key characteristics 

of value management, mentioned by many scholars and standards such as McGeorge and 

Palmer (2002) and SAVE International (2007). Therefore, function analysis is a crucial 

characteristic in value management practice. 

The value management technique overlaps within terminologies like value engineering and 

value analysis, as well as many others. However, most authors agree that the technique 

started as ‘value analysis’ in the US at the General Electric Company, and then after several 

years the technique became known as value engineering. Value engineering then developed 

into value management (ICE, 1996; Kelly and Male, 2002; Al-Yousefi, 2009). The following 

table (Table 2-2) presents explanations for some of the important phrases and expressions in 

value management. 
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Table 2-2 Some Definitions of Value Management 

Authors Definitions of Value Management 

Zimmerman and Hart (1982) “Identifies the methodology and techniques used in value work, but does not 

distinguish between engineering of a building or facility and the analysis of a 

product. Used to describe the entire field of value endeavours.” 

Green (1994) “A structured process of dialogue and debate among a team of designers and 

decision-makers during an intense short-term conference.” 

Connaughton and Green (1996) “A structured approach to defining what value means to a client in meeting a 

perceived need by establishing a clear consensus about the project objectives 

and how they can be achieved.” 

Male et al. (1998) “A proactive, creative, problem-solving or problem-seeking service which 

maximises the functional value of a project by managing its development 

from concept to use.” 

Fong and Shen (2000) “An organised, function-oriented team approach directed at analysing the 

functions of a product, system, or supply for the purpose of enhancing its 

value by identifying and eliminating unnecessary costs and achieving the 

required performance at the lowest life-cycle project cost.” 

British Standards Institution 

(2000) (BS EN 12973: 2000) 

“A style of management particularly dedicated to motivating people, 

developing skills and promoting synergies and innovation, with the aim of 

maximising the overall performance of an organisation. Applied at the 

corporate level, value management relies on a value-based organisational 

culture taking into account value for both stakeholders and customer. At the 

operational level (project orientated activities) it implies, in addition, the use 

of appropriate methods and tools.” 

Bone and Law (2000) “A structured framework for reviewing any product, process, project or 

service.” 

Merna and Lamb (2003) “An iterative process that refines information and resources to ensure the 

core stakeholders’ objectives are fulfilled. 

Kelly et al. (2004) A process by which functional benefits of a project are made explicit and 

appraised consistent with a value system determined by the client, customer 

or other stakeholders.” And “Value management is a service that maximises 

the functional value of a project by managing its development from concept 

to use through the audit of all decisions against a value system determined by 

the client.” 

Kliniotou (2004) “A structured process aimed at improving project understanding and 

promoting shared stakeholder decision-making; encompasses studies during 

the project life cycle focusing on different deliverables at different project 

stages.” 

Dallas (2006) “An umbrella term used to embrace all activities and techniques used in the 

effort to deliver better value for the client; commonly abbreviated to VM.” 

And “A process involving the gathering and analysis of information 

(preparation), one or more workshops to process information, a report 

summarising the outcomes and including an implementation plan, all 

consistent with best value management practice, designed to add value to a 

project or part of a project.” 

SAVE International (2007) “A systematic process that follows a job plan. A value methodology is 

applied by a multidisciplinary team to improve the value of a project through 

the analysis of functions.” 
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To sum up, today value management is one of the most misunderstood management concepts 

(Fong, 1999). This is because of the various terminologies used to describe and define it. 

Woodhead and Downs (2001) found that a mutual criticism of value management was the 

terminology associated with it. Therefore, Dallas (2006) argues that the definition of value 

management cannot be captured in one or two brief sentences. In addition, Woodhead and 

Downs (2001) describe value management as a management fad because of the lack of an 

encompassing definition. They explain that the definition of value depends on the context of 

its use. They rename value management as value ecology. Zimmerman and Hart (1982) 

describe value management as a methodology engaged to achieve value in the project. 

Others, like Kelly et al. (2004), support that definition by explaining that value management 

shows the whole framework of maximising project values for the client, from the conceptual 

stage to the operation and commissioning. Woodhead and Downs (2001) highlight that VM 

technique is commonly used by a team in order to make complex decisions. Value 

management can be summarised in the following value management map: 

 

Figure 2-2 Value Management Map 

 

 Review of the existing frameworks 2.7

The existing value frameworks lack robust integration of value drivers and risk impacts into 

the value analysis processes. The purpose of the research is to review the existing value 
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frameworks and propose a framework for integrating value and risk in construction projects 

life cycles. The literature review reveals that the integrated value framework is an area which 

has great potential for the application of project management in order to manage construction 

projects and ensure that the value drivers contribute positively to the particular business 

outcomes of products, services and/or projects during the life cycle of construction projects. 

The framework identifies the key characteristics of the value methodology, such as value 

planning, value engineering and value reviewing during the project life cycle, which need 

further investigation. The potential value drivers associated with these value processes are 

identified and mapped into risk impacts. The proposed value framework system assists 

organisations to simulate project performance and maintain risk at a tolerance level. 

Providing good management of risk will enhance project value. 

 Value Management framework by ICE (1996)   2.7.1

The core of the value management framework in ICE (1996) is divided into three main 

processes, which are value planning, value engineering and the need to use value reviewing 

in order to assess effectiveness and make comparisons with the completed and/or nearly 

finished design or project within the expected needs and objectives. The three processes are 

linked by feedback to monitor the work and improve future work. The following figure 

shows the value management framework integrated by ICE (1996):  

 

Figure 2-3 Value management framework (ICE 1996) 

This text box is where the unedited thesis included the following third party 

copyrighted material: 

ICE (1996) design and practice guide, Creating value in engineering, London, 

UK: Thomas Telford. P. 3. 
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Value planning identifies the owners’ objectives and considers how to achieve them in order 

to be sure the whole project value considers function and the owners’ requirements for 

guidance of the design stage. Financial viability is confirmed in this stage for the whole 

project. The activities that should be considered at this stage are client briefing, 

brainstorming, evaluation, weighting potential value criteria and choosing the preferred 

scheme (ICE, 1996). 

Value engineering, the second stage of value management, is used to analyse and compare 

the provided options and then choose the best option to meet the owners’ needs and the 

required functions. At this stage, the project objectives should be confirmed and then 

followed by a value job plan, which may vary in steps according to different standards. The 

ICE describes these steps as information gathering, function analysis, speculation, evaluation, 

VE proposal and final report, and then the implementation/follow-up (ICE, 1996).   

Value reviewing is applied to compare and analyse the completed or nearly finished portion 

of the design and/or project within required expectations in order to measure and monitor the 

effectiveness of the value planned. At this stage, managers need to monitor the value process 

progression, and correct any defects as well as obtain feedback into some subsequent areas in 

the work (ICE, 1996). 

All in all, the indicator for perceiving value is obtaining success in the project, which 

involves a tolerable level of risk, reasonable cost, timely and safe completion within specific 

quality standards, and other normal requirements. The value cycle can be addressed 

throughout the project life, which embraces value management during the value process at 

the concept stage, definition, implementation and operation stage. However, the value 

perspective varies depending on many aspects such as timing, region, location, kind of 

industry, organisation and many others (ICE, 1996). The ICE gives a very good methodology 

for value management, but this methodology would be better if it was integrated with risk 

management. This study needs to be improved by extracting the main drivers and attributes 

of value at different stages of the project life cycle in order to protect them against the 

influences of surrounding risk factors.     



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 22 

 

 Framework of Lifecycle Value for Tactical Aircraft Product 2.7.2

Development by Hallander and Stanke (2001) 

Hallander and Stanke (2001) indicate that value creation can be generated by developing the 

Lean Aerospace Initiative (LAI) within a life cycle value framework. The framework consists 

of three main processes: value identification, value proposition and value delivery. Their 

study focuses on aerospace systems and attempts to obtain more holistic perspectives by 

assessing various dimensions of value and their effects during the life cycle of a system in 

order to achieve life cycle value. Hallander and Stanke (2001) establish a definition of best 

life cycle value within LAI as “a system introduced at the right time and the right price 

offering best value in mission effectiveness, performance and affordability and retains these 

advantages throughout its life”. 

Value Identification is the first process of the life cycle value framework and involves 

identifying the stakeholders and expressing their needs and expectations in terms of goals. As 

developing the system requires balancing the views of multidisciplinary stakeholders, they 

should contribute their potential information about business strategies based on their 

perspectives such as market analysis, consumer needs, timing of system and other more. 

Value Proposition is the process of transferring the goals and ideas to concept and system 

architecture, i.e. collecting the stakeholders’ needs and goals and posing them as common 

objectives in order to create life cycle value. Multidisciplinary stakeholders together envision 

and develop a value proposal in order to make the critical link between value identification 

and value delivery for the system and to deal with any issues in the system design. 

Value Delivery is the way to deliver value by choosing strategies, practices, methods and 

tools to improve and develop life cycle value during product development. Following the 

given value proposition and using appropriate value delivery leads to success in the system 

and a good reputation for stakeholders and credible future work. Hallander and Stanke (2001) 

characterise value delivery into six main themes, each with a potential contribution to 

achieving best life cycle value:  

 A holistic perspective that has two dimensions: considering the whole system and 

considering the whole life cycle; 

 Organisational factors using some programme to organise, control and manage the 

cross-functional product such as institutionalisation of Integrated Programme Teams 

(IPTs); 
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 Tools and methods that are necessary to deliver the product as requested;  

 Requirements and metrics to incorporate, allocate and measure technical requirements 

and monitor their progression during the system development;  

 Enterprise relationships to obtain the required work that was set in value proposition 

and any changes in the organisation that will add some pressure to the enterprise’s 

relationship; 

 Leadership and management.  

The importance of each theme is defined by its deployment in terms of practices and 

strategies. Hallander and Stanke (2001) point out that the themes have different levels of 

maturity value in the development process, which can be represented by using a maturity 

matrix for the value delivery process. 

In this framework, the authors focus on assessing the value delivery processes. This 

assessment would be better if they were to add a value reviewing process to their framework 

to monitor, control and give feedback for future work. In addition, it is important to identify 

robust value drivers at different stages and phases in projects in order to gain more 

opportunities and to see how organisations can deal with the risks that might affect them. It 

can be said that the life cycle value framework for tactical aircraft product development is a 

good model to improve and modify to be suitable for use in the construction industry.    

 Value Management and Value Control Frameworks by Merna and 2.7.3

Lamb (2003)   

Merna and Lamb (2003) divide the value management cycle into three phases that fit into 

project development phases, as shown in the following table:  

Table 2-3 Value Management Cycle (Merna and Lamb, 2003) 

 

The first phase is value planning, which introduces the project brief and objectives in order to 

create value by achieving the stakeholders’ needs. This phase occurs throughout the 
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development proposals and it is the most important phase because it focuses on issues of 

business and how to develop strategic plans which illuminate the future objective and target.  

The second phase is value engineering, which is the organised effort to achieve the desired 

values with lower prices in products, services or systems by providing the required quality 

and function. This phase is carried out during the appraisal and design stage of the project.  

Value reviewing is the last phase of value management and is focused on the received value 

and benefits for present and future proposals, and it checks and assesses the capability of the 

adopted method to obtain and improve the future target. 

Furthermore, Merna and Lamb (2003) generated a value control cycle from the Public-

Private Partnership (PPP) proposal, which refines resources and information in order to allow 

stakeholders to have clear objectives and to make rational decisions. The process of value 

control comprises the following four main stages: value identification, value analysis, value 

response and value review.  

Value identification is a kind of strategic planning to identify clear objectives that define the 

project. It is associated with stakeholders and project definition, and its primary process in 

value control is to deliver the principal requirements into the project proposal. This task 

provides the appropriate level of information for planning and strategic consideration. 

Value analysis is a process used to generate and develop a number of alternatives that are 

used to guide the project into retained objectives, in order to conserve value against changes 

in the project and to complete commercial and non-commercial objectives. The value 

analysis process is carried out by using available techniques such as qualitative and 

quantitative methods in order to compare and distinguish the proposed models of alternatives 

and represent the main value of each alternative. Value analysis goes on during the appraisal 

stage and it develops into various prepared options to obtain the advantages and 

disadvantages of each project proposal. Moreover, value analysis should study important 

factors such as financial and risk analysis, availability of resources, the complexity of the 

project, current phase of the project and collected information to produce options in future 

legal, policy, regulatory, technical and financial innovations (Merna and Lamb, 2003). 

Applying a value study at an early stage of the project will bring enormous benefits for the 

project proposal, as mentioned by Connaughton and Green (1996) and supported by Merna 

and Lamb (2003), as opportunities and changes during the concept of the project have lower 
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cost impacts and great added value for the stakeholders, while in contrast late changes (as in 

during the construction phase) will have greater impacts upon the project cost and less added 

value for the stakeholders, as shown in the following figure: 

 

Figure 2-4 Changes to the scope of the project and their impact on the cost and value of the project (Connaughton and 

Green, 1996, cited in Merna and Lamb, 2003, p.119) 

 

Value response is a fundamental stage of the value control process, and is a process to 

evaluate the capability of alternative plans to obtain stakeholders’ needs and to identify 

threats and opportunities related to the plans. The value response result may lead to advice for 

more improvements that will help to either convince the stakeholders within the confirmed 

plan or lead them back to the value identification phase or to a reanalysis of the set of 

alternatives (Merna and Lamb, 2003). Value response is a kind of effort to maximise the 

capability of the project by delivering the required objectives and forming the business 

proposals within an acceptable cost that can absorb the changes that might happen 

surrounding the project. This stage can be used for minimising the possible impact of 

unwanted changes, optimising the benefits of the life cycle, enhancing value control and 

generation and/or striking an acceptable balance between needs and the ability to provide 

them.   

Value review is used as the final stage of the process to review data collected during the 

project life cycle and record data such as value tools, methods, techniques and the system that 

was adopted in order to be taken into account for future and present projects and to help 

generate better returns (Merna and Lamb, 2003). 

This text box is where the unedited thesis included 

the following third party copyrighted material: 

Merna, A. and Lamb, D. (2003) Project Finance: the 

Guide to Value and Risk Management in PPP 

Projects London: Euromoney Institutional Investor 

PLC.  P. 119 
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Therefore, satisfaction with and efficiency of the projects are driven by the success of 

obtaining the stakeholders’ needs and objectives as well as minimising waste by using the 

most effective recourses and techniques. Merna and Lamb describe value management as the 

most effective way to refine information and resources in order to achieve the core 

stakeholders’ objectives, where the stakeholders are anyone involved in the organisation and 

implementation of the project such as constructor, supplier, owner and others (2003). In 

addition, the idea of generating a value control cycle from a PPP proposal, which refines 

resources and information in order to allow stakeholders to have clear objectives and to make 

rational decisions, is to make it possible to incorporate the value control cycle into the risk 

control cycle and enable the stakeholders, monitoring the impact of changes during the 

project development in sequence to keep the desired value. In addition, value controlling 

leads to a solution that provides end-user requirements and ascertains the retained 

functionality of the solution in order to improve the value. 

These frameworks have important implications for developing ways to improve the project 

value. However, they would have been more useful if they had included the potential value 

drivers and attributes at each stage of the project life cycle in order to provide guidance 

towards the best value and monitor the impacts of potential risks. This researcher would 

suggest integrating the two frameworks into a simple and easy one for real-life practice in 

order to improve the delivery value in most construction projects by providing measuring 

techniques.  

 Value and Risk Management Guidance Framework by the Office of 2.7.4

Government Commerce (OGC) (2003)   

The OGC (2003) expresses value and risk management in the guidance for achieving 

excellence in construction guide No. 04- Risk and Value Management as a continuous 

process during the project life cycle. It also explores an interrelation between value and risk 

management activities, which should be considered in parallel in order to achieve optimum 

balance between value and risk. In addition, the guidance suggests a gateway process to 

decrease overall risks and achieve successful progress in each stage of the project life cycle 

before moving to the next stage. The following table will explain more details about the OGC 

review points for value and risk management stages:  
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Table 2-4 OGC Value and Risk Management Review Stages (OGC, 2003) 

 

The table envisions the six main gateways during any construction project as strategic 

assessment, business justification, procurement strategy, making an investment decision, 

ready for use (i.e. construction completed) and benefits evaluation. Each gateway has some 

preparation and techniques necessary to go through it. This table might help future study by 

providing guidance to identify and determine the most effective value drivers and risks 

during the project life cycle. Combining the table with appropriate value study would give 

significant benefits and opportunities.      

 Value Management Methodology Framework by Kliniotou (2004) 2.7.5

Kliniotou (2004) defines the three main principles of value management methodology as 

stakeholder analysis/identification in order to understand their objectives and identify the 

required value drivers, project objectives/value and criteria/design attributes in order to 

propose the most effective value drivers in the project and rank their weight, and value 

This text box is where the unedited thesis included the following third party 

copyrighted material: 

OGC (2003) Achieving Excellence in Construction: Procurement  Guide 04 

Risk and value management: Office of Government Commerce. P. 8 
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measurement and monitoring in order to evaluate the project success and to monitor the value 

development delivery during the project life cycle. 

Kliniotou (2004) believes the technique of value management gives opportunities to 

maximise business or project benefits by satisfying the various stakeholders involved and 

their requirements. Therefore, she recognises that it is an important approach for formal value 

management to identify the project value drivers, to measure them and monitor their 

progression during the project life cycle in order to maintain the desired results and benefits 

of the project. The success of the project and expression of the stakeholders’ needs (i.e. 

gaining the required value) should be identified by a number of value driver criteria carried 

out by agreement between different project groups. Kliniotou (2004) cites the potential group 

of values most affected in construction project decisions identified by Devine-Wright et al. 

(2003), who identified these six levels as societal, industrial, organisational, professional, 

project and individual. The most important value levels are organisational values (expressed 

in business strategy), professional values (articulated in the stakeholder and client values) and 

industrial values (described in the industry trends). Kliniotou (2004) indicates that project 

value is generated by the following principle: 

Project value = ∑ Value drivers = ∑ Benefits/Sacrifices 

Each of the value drivers have design attributes or features that support and deliver the 

drivers and obtain the required objectives. The number of value drivers completed reflects the 

success of the project and makes higher quality of the building. Sometimes the identified 

value drivers may change throughout the project’s development because of changes in some 

of the project’s circumstances such as business, production or environment issues or 

legalities, all of which could alter the expected value. Consequently, monitoring the processes 

in the project’s development helps to deliver the various project values similar to what was 

expected.  

 Value Management framework by Dallas (2006) 2.7.6

Dallas (2006) points out that value management is one of the methods and techniques 

associated with project management to produce maximum value. He mentions that there are 

three main phases of value management that should be carried out during different stages in 

the project life cycle, which are value articulation and project definition, which take place 

during the inception to feasibility stage; and then an optimisation of benefits and costs that 
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should occur during the stage of design and construction, and at the stage of commission and 

use should provide learning lessons and performance optimisation. The following figure 

shows the relationship between value study and risk study during different project stages:  

 

Figure 2-5 The relationship between value study and risk study during different project stages  

(Dallas, 2006, p.62) 

 

The inception to feasibility stages, which are value articulation and project definition, identify 

the main functions of the project, which reflect the expected project benefits in order to 

prepare the team making the relationships between the project objectives and the possible 

design solutions to be executed. The functions should be described as value drivers that 

capture the clients’ and end-users’ needs. It is necessary to model these functions to help the 

project team, giving clear descriptions of the main project objectives to be achieved, 

weighting the objectives and then giving clear statements to the design team to develop their 

design. This is helpful in developing the project brief and making decisions based on each 

criterion. 

The design and construction stages, which are optimisation of benefits and costs, propose 

project elements and functions within their expected cost. The team generates alternatives for 

This text box is where the unedited thesis included the following third party 

copyrighted material: 

Dallas, M. (2006) Value and Risk Management, A guide to best practice, 

Oxford, UK: Blackwell Publishing Ltd. P. 62 
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performing these functions with optimised cost and improved quality. Finally, 

recommendations are presented to the decision-makers, allowing them to choose the most 

appropriate options. Applying value engineering techniques at this stage is very effective and 

useful. 

The final phase is learning lessons and performance optimisation, and it begins once the 

construction phase is completed. The project team review the project and collect data in order 

to check if the project achieves the defined benefits as well as to improve value management 

proposals in future work (Dallas, 2006). 

Dallas (2006) indicates that construction projects are not only about delivering a building but 

should also meet the requirements of long-term business to satisfy the people commissioning 

the building and to deliver the awaited benefits. Understanding the clients’ long-term 

requirements and providing them in an efficient and economic way will reflect the 

effectiveness of value. Therefore, Dallas (2006) illustrates that the techniques of value 

management and risk management complement each other: value management clarifies the 

desired value in such a manner as to link the project benefits within the most effective cost 

for the design solutions, i.e. the present process to enhance value to the clients and end users 

and gain their needs; risk management identifies what might go wrong in the project and the 

causes of uncertainty in order to reduce the possible impacts on the project, i.e. the present 

process to manage risk. Protecting the project against risks offers opportunities to improve 

value while value management helps to reduce risks in the projects. 

To sum up, Dallas’s (2006) concept regarding the value management framework is about 

planning and analysing, then controlling and reviewing. He describes possible issues and 

activities that should be carried out throughout the different stages of the project life cycle, 

and how to manage project value and risks. However, this research would be better if he had 

identified the contribution of the potential value drivers at different project stages as well as 

the influence of risks on these drivers.   

 Whole Life Cycle Value Framework by Boussabaine (2007) 2.7.7

Boussabaine (2007) developed a whole life cycle value framework which consists of two 

main values: value exchange and value creation. He believes that the whole life cycle values 

consist of the value exchange (tangible and intangible benefits) of products, services, 

knowledge or other factors for receiving and creating value. There is no absolute value; value 
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varies from project to project and from stakeholder to stakeholder even within any single 

project because of different knowledge, cultures, etc. Then he notes that the mechanisms of 

the whole life cycle value exchange might have cumulative impacts on adding value to the 

product and/or services, in addition to being complex and risky. Boussabaine (2007) 

demonstrates that the definition of the whole life cycle (WLC) value exchange is choosing 

optimum solutions for managing whole life cycle relationships to maximise value. The 

following figure illustrates the possibility of a continuous value exchange relationship during 

the whole life cycle (Boussabaine, 2007):   

 

Figure 2-6 Continuous Value Exchange Relationship (Boussabaine, 2007) 

 

Boussabaine (2007) mentions that the way of using the outcome of the WLC value exchange 

process within value analysis is helpful in identifying existing opportunities such as increased 

revenues and reduced costs, etc., for the whole life cycle stakeholders.  

Boussabaine (2007) defines the second type of WLC value, value creation, as “a continuously 

evolving process to maximise a stakeholder’s value in conjunction with the asset value 

objectives through the life cycle process”. The process of creating and exchanging value over 

time and during whole life value is shown in the following figure. Stakeholders’ values might 

change regarding the nature of the development and progress of the process, which needs to 

be assessed in order to measure the different stakeholders against irrelevant value.  

This text box is where the unedited thesis included the following third 

party copyrighted material: 

Boussabaine, A. (2007) Cost Planning of PFI and PPP Building 

Projects, Abingdon, Oxon: Taylor & Francis.  P. 29 
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Figure 2-7 Creating and Exchanging Value over Time (Boussabaine, 2007) 

 

Boussabaine (2007) mentions that the value in finance reflects the measure of net present 

value or rate of return or payback time to make a balance against risk. In addition, the time 

dimension in the concept of WLC value creation has not been broadly discussed within the 

built environment sector. In his book he explains the cycle of value creation at different 

stages during the life cycle.   

Satisfying the end user and reducing cost in exchange and creation of value on products or 

services are some of the indicators that lead to creating value. Therefore, Boussabaine (2007) 

points out that the best way to maximise value through a number of attributes of value 

creation (e.g. technical and function quality) and value received such as price, social and 

operational value is in conjunction with risk reduction strategies and value maximisation 

strategies. In addition, he suggests investigating and deeply understanding value drivers 

during the whole life cycle process as well as identifying the risks associated with value. This 

idea leads the researcher to consider the two main values to improve the project’s 

effectiveness and efficiency during the whole life cycle. Boussabaine’s study needs to be 

implemented with value management techniques in order to obtain more success in 

construction projects. 

 Process Modeling Value Framework by Krogstie et al. (2008)   2.7.8

Krogstie et al. (2008) state that the required value can be increased by modelling a value 

framework in which the organisation and stakeholders are approached to smooth the progress 

of communication and coordination across and within projects. They generated a framework 

as shown in the following figure. The overall framework consists of four main stages: 

identifying context, identifying potential value, choosing practice and managing modelling 

capabilities.   

This text box is where the unedited thesis included the following third party copyrighted material: 

Boussabaine, A. (2007) Cost Planning of PFI and PPP Building Projects, Abingdon, Oxon: Taylor & 

Francis. P.39 
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Figure 2-8 Process Modeling Value Framework (Krogstie et al., 2008) 

 

The first step, identifying context, aims to identify the bases for communication, prioritisation 

and planning in order to develop a project plan. This step is carried out by identifying the 

relevant existing models and their constraints, as well as identifying the context of  

 The objectives of the modelling and models; 

 The users participating in the model, such as top management; and 

 The uses, which includes the methods that should be used to achieve the objectives, 

such as communication tools and analysing processes. 

The second step, identifying potential value, aims to capture any possible positive benefits 

that were missing in the first step or that must be added to model some activities. 

The third step of the framework, choosing practice, involves choosing an appropriate practice 

based on the identified context and the required value. Managers choose the modelling 

practice, which involves methods, tools, reuse strategy and languages, and choose the 

managing practice to determine how the work process, modelling and models are to be 

This text box is where the unedited thesis included the following third party copyrighted 

material: 

Krogstie, J., Dalberg, V. and Jensen, S. M. (2008) Process modeling value framework. 

in  Enterprise Information Systems: Springer. pp. 309-321. P. 313, 315 
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managed. Any change in the stakeholders’ requirements during the project will require a 

check of potential aspects and might require changing some of the methods and tools.  

The final steps, managing modelling capabilities, should be considered at an organisational 

level, whilst the first three steps are related to individual projects. 

To sum up, Krogstie et al. (2008) mention some of the limitations of this framework, which 

still needs to be tested and addressed on a practical level of real-life experience. Therefore, 

the main weaknesses of the modelling value framework are not following the different stages 

of the project life cycle as well as missing the important drivers that should be considered to 

evaluate, deliver and control the expected value. This framework does not consider any risk 

study to protect the project value. 

 Concluding remarks  2.8

The above review of the existing value frameworks demonstrates that there is no coherent 

framework that integrates value creation drivers, risks and organisational objectives. 

However, it is essential to link or map values created by projects back into corporate 

objectives. Thus, the researcher proposes to address this research gap by developing a robust 

framework for evaluating value creation and risks to value during the earlier stages of project 

development. This enables the development of suitable value tools and techniques leading to 

improved value over the project life cycle. The next chapter will present the development of 

such a framework. 
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Chapter 3: A Conceptual Framework for Value 

Creation 

 Introduction  3.1

It is well recognised in both academic and industrial literature that value creation through 

optimisation of investment and operation costs is a key element for the development of any 

construction project. To increase the efficiency of a project’s development these issues must 

be addressed and optimised at the design stage. In order to do so, a structured approach to 

value creation is necessary to classify the potential opportunities and map these opportunities 

to the organisation’s corporate financial planning. From a general aspect, value creation can 

be optimised through financial drivers (i.e. capital expenditure (CAPEX) and operational 

expenditure (OPEX)), asset growth drivers (i.e., adequate/reliable functionality which 

increases asset service life) and efficiency drivers (i.e., how well the processes of design, 

implementation and operation are managed). Thus, in order to optimise the ‘value creation’ 

of a construction project it is essential that these drivers are properly defined and analysed. 

To unlock the value in the proposed development, it is essential that this should be carried out 

in a systematic fashion. The process should be able to identify and add value creating drivers 

while also identifying and eliminating unnecessary drivers that lead to value destruction. 

Accordingly, this research proposes the following conceptual framework to capture the life 

cycle of a building’s asset development.    

 A Broad Conceptual Model: Linking value drivers to 3.2

corporate financial planning 

Based upon a survey of relevant literature and a critical analysis of the existing value 

frameworks (see Chapter 2), it is proposed that the following conceptual model can improve 

the existing models by illustrating the link between value creation controllable factors and 

corporate financial planning. This model suggests that uncertainty in defining the initial in 

projects related parameters first affects value creating. These project-related events directly 

influence the proposed project performance in relation to finance, asset growth and 

management. This in turn will lead either to value creation, if the project parameters are 
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optimised effectively, or to value loss if the project parameters are ill-defined. Consequently, 

the effect of this will cascade to the corporate financial status of the owner of the building 

asset. In other words, the value creation in the development of green buildings is exposed to a 

composite set of macro- and industry- and project-specific variables. The consensus in the 

literature suggests that the project macro-value environment is a set of five controllable 

variables: financial investment, asset function reliability, asset operation, asset environmental 

impact and project management performance. Assuming the analysis of these variables can 

capture the important effects on value creating within the complex process of green building 

development, this research will identify variables and associated risks causally related to 

value creation in the design and operation of green buildings. To capture the complex 

bottom-up interaction between project parameters and value creation, this research proposes a 

systematic structured framework shown in Figure 3.1. The framework consists of the 

following process: 

 

Figure 3-1 A Conceptual Framework for Value Creation- Corporate objectives (strategic) 

 Optimise financial investment 3.2.1

 Cost occupies a central role in value engineering analysis. In fact, value engineering has 

been historically viewed as an effective tool for reducing project costs. Value engineering has 

directly or indirectly been used by many stakeholders over the years to try to achieve a  
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project with the lowest cost. However, this paradigm only addresses one part of the value 

complex constructs, often at the expense of overlooking the role that engineering can play in 

project parlance and ultimately company corporate financial health. Project capital and 

operational analysis during the design phase can lead to substantial life cycle savings and 

improved performance of building assets. A systematic understanding of investment cost 

analysis is necessary to develop robust design solutions based on a VE setting. Thus, this first 

project value creation parameter will examine how to reduce the required CAPEX and OPEX 

in order to optimise the value of the proposed investment in green building assets. The 

purpose of project financial investment optimisation is regarded as necessary to (Dell’Isola, 

2003):  

 Improve benefits, maintain cost 

 Maintain benefits, reduce cost 

 Improve benefits, reduce cost 

 Reduce benefits, reduce cost  

 Increase benefits, increase cost 

To successfully analyse the above scenarios, major value cost drivers are required to be 

extracted and defined in respect to interdisciplinary issues, such as function. Chapter 4 

provides a detailed analysis of the value cost drivers that need to be optimised during the 

design of green building assets.  

 Achieve high asset function reliability 3.2.2

It is widely accepted in the literature that value derived from the relationship between cost 

and function. The function here is the characteristic action performed when building the 

green building asset. This is normally based on the client’s needs. Asset owners want their 

design and construction team to demonstrate effective management of design and cost drivers 

with the ultimate aim of achieving the functional, financial and economic objectives of their 
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investment and, eventually, of value creation to their respective organisations. The Institution 

of Civil Engineering (1996) states that value analysis should address the following questions: 

 What is the purpose of the project or element? 

 What does it do? 

 What does it cost? 

 What is it worth? 

 What else could do the job? 

From a general theoretical point of view, the value of a green building asset plant can be 

increased by either improving its functionality or reducing the required CAPEX and OPEX. 

However, this paradigm ignores other equally important value generators. Improved value 

results should not only result from optimising the relationship between costs and function, but 

also from all the project value generators shown in Figure 3-1. It is well understood in the 

industry that clients are responsible for defining quality expectations, for their assets, and it is 

the responsibility of the design team to translate these into a functional product. Thus, the 

design team will scrutinise the clients’ requirements to identify the required functions of the 

asset being designed. The designers need to identify what functions are important and which 

performance characteristics are required for these functions. Interdisciplinary experienced 

design, cost and engineering teams should collaborate in developing the functional 

requirements of the building asset and the associated building components. The team’s 

ultimate goal is to strike a balance between quality and cost in a design to achieve the best 

life-cycle cost, while observing the reliability, longevity and quality among all building 

elements. In this research, the asset function is viewed to consist of longevity and reliability 

value drivers. Chapter 4 provides a detailed analysis of the function value drivers that need to 

be optimised during the design of green building assets 

 Optimise asset operation 3.2.3

According to the NAO (2004), building operation aspects have a huge impact on value for 

money. To a large extent, success of investment in green building assets depends on how 

various aspects of the asset perform during the operation stage under a variety of complex 

influences and externalities. As a result, any value analysis processes must allow for 

interlinking information from many different and diverse sources relating to aspects of the 

building operation. The value generators at the operation stage may vary depending on the 
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life-cycle of the building being designed. Most importantly, the value analysis must bridge 

the gap between financial, functional and building performance measures in order to establish 

the necessary confidence in investing in green buildings. Thus, the focus should not be 

predominantly on environmental performance as a defining feature of a building. The NAO 

(2004) state that value analysis should address the following questions: 

 Will the building be energy efficient? 

 Is the building easy to clean and maintain? 

 Will the design take full account of maintenance, operating and disposal costs? 

 Will the building be actively managed using monitoring and user feedback 

techniques? 

 Has “whole-life cost” assessment been used? 

Thus, value generators related to maintenance, energy use, operating and cleaning the green 

building asset once it is in use are should be considered and optimised in relation to other 

value generators during value analysis. In this research, the asset operation is viewed to 

consist of manageability and energy efficiency drivers. Chapter 4 provides a detailed analysis 

of the asset operation value drivers that need to be optimised during the design of green 

building assets 

 Maintain a safe environmental impact 3.2.4

The ultimate aim of the designed green buildings assets is to provide a comfortable, healthy 

environment for the occupants. It is also of paramount importance that the green building 

assets should be easily adaptable for future uses and be flexible to accommodate short-, 

medium- and long-term changes. The building should also satisfy all the health and safety 

operational requirements of the brief. The green building assets should also aim to minimise 

the impact on the natural environment. The NAO (2004) state that value analysis should 

address the following questions: 

 Will the building embrace the principles of environmental sustainability and use 

renewable materials? 

 Have sustainability requirements been set out in the brief? 

 Is the building easy to clean and maintain? 
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In this research, the green building assets’ environmental performance is viewed to consist of 

eco-resources and adaptability value drivers. Chapter 4 provides a detailed analysis of the 

environmental performance value drivers that need to be optimised during the design of green 

building assets. 

 Create highly performing PM 3.2.5

This aspect of value generation deals with the management processes used, and the selection 

of an integrated project team working throughout the life cycle of the proposed development. 

It is pointed out that “effective management by an integrated project team is essential to 

achieving this value” (NAO, 2004). A good project management team should be able to 

identify and manage project value drivers. This will assist the key stakeholders to focus their 

attention on project activities that will have the greatest impact on value creation. Thus, the 

formation of the project team plays an important role in increasing value driver performance 

through the project’s life cycle. Thus, throughout the life cycle of the project’s development, 

the project team has the opportunity to create value and minimise waste at every stage of the 

development and implementation process. Thus, suitably skilled and resourced human capital 

is required to deliver the project successfully and maximise value. To maximise value, the 

project team should at least address the following questions (NAO, 2004): 

 Does the project team regularly measure its effectiveness in terms of process and 

outcomes? 

 Does the project team demonstrate a commitment to continuous improvement? 

In this research, the PM performance is viewed to consist of control and planning value 

drivers. Chapter 4 provides a detailed analysis of the PM performance value drivers that need 

to be optimised during the design of green building assets. 

The value generators described above are structured in way to help decision-makers to 

identify key drivers of value creation and structure a performance measurement approach 

around these value generators. This approach will assist in measuring value and value 

creation in green building assets. The idea presented in Figure 3.1 presents an approach to 

increasing the performance of green building assets, which will forge stronger links between 

operating performance measures/values and value creation at the corporate level. The value 

generators presented in the above sections present solid knowledge of the value drivers that 

impact the development and operation of green building assets. However, as shown above 
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and in Chapter 4, the problem is that the list of value generator variables is too long and may 

not be efficiently prioritised against objectives of the organisation’s value creation process. 

That is to say, there may be a lack of syncretisation between corporate value creation gaols 

and values generated by the portfolio of projects. Thus, the value generators extracted above 

are mapped into corporate objectives to maximise shareholder value. The mapping is 

achieved through three key creation value indicators. These are: 

Financial value creation Driver: this is concerned with how to reduce capital and operating 

costs to optimise the investment and create growth.  

Asset growth value creation Driver: this is concerned with the fact that the green building’s 

assets should be looked at as an opportunity for investment, for creating or realising both 

tangible and intangible value.   

Efficiency value creation driver Drivers: this is concerned with investing in issues that lead 

to operational efficiency of green building assets and divest in value destroying activities and 

design solutions. 

 Framework implementation  3.3

To operationalise the above conceptual framework, the value engineering methodology is 

proposed based on multi-stage steps. The proposed framework and its steps are explained in 

the following sections. The implementation framework is generated through integrating some 

existing frameworks. Numerous studies have attempted to explain value management and the 

framework of value methodology and some of these will be discussed below.  
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Figure 3-2 Value management methodology - Implementation process (project level) 

Some researchers have divided the methodology of value management into three main 

themes linked by feedback, which are value planning, value engineering and value reviewing 

(ICE, 1996; Merna and Lamb, 2003; Dallas, 2006).  

These themes have some activities that should be carried out throughout the different stages 

in the project life cycle. Dallas (2006) indicates that project stages in construction projects 

can be divided into inception, strategy and feasibility, design, pre-construction, building and 

use. Kelly and Male (2002) divide the project stage into pre-brief, briefing, concept design, 

detailed design, site operations and use. Boussabaine (2007) describes the project life cycle as 

concept, design, construction, operation and the end-life stage. These various terminologies 

lead the researcher to consider seven main stages in construction projects: inception, strategy 

and feasibility, design, pre-construction, building, use and use within review. 

To date, various methods have been identified and introduced to obtain value in the whole 

life cycle project. Boussabaine (2007) believes that the whole life cycle values consist of 

value exchange (tangible and intangible benefits) of products, services, knowledge or other 

factors for receiving and creating value. Krogstie et al. (2008) state that the required value 

can be increased by modelling a value framework that approaches the organisation and 
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stakeholders to smooth the progress of communication and coordination of work across and 

within projects. They generated an overall framework consisting of four main stages: 

identifying context, identifying potential value, choosing a practice and managing modelling 

capabilities. Hallander and Stanke (2001) focus on aerospace systems and attempt to obtain 

more holistic perspectives by assessing various dimensions of value and their effects during 

the life cycle of a system in order to achieve life cycle value by following three main 

processes: value identification, value proposition and value delivery. Kliniotou (2004) 

describes the three main principles of value management methodology as stakeholder 

analysis/identification, project objectives/value and criteria/design attribute, and finally value 

measurement and monitoring. Merna and Lamb (2003) generate a value control cycle from 

the public-private partnership (PPP) proposal, which refines resources and information in 

order to allow stakeholders to have clear objectives and make rational decisions. The process 

of value control is comprised of the following four main stages: value identification, value 

analysis, value response and value review. Therefore, from the previous study, the value 

process can be considered as value identification, value proposition then value analysis, 

followed by value delivery and control.  

The process should support the main attributes and drivers and weight them at each process 

in order to develop a robust project proposal that might help to meet future demands as well 

as enable people working in the construction industry to use suitable value tools and 

techniques that lead to improved value over the project life cycle and protect the project 

values against risks associated with the project. Kliniotou (2004) recognises that an important 

approach for formal value management is to identify the project value drivers, measure them 

and monitor their progression during the project life cycle in order to maintain the desired 

results and benefits of the project. Boussabaine (2007) points out that the best way to 

maximise value is through a number of attributes of value creation (e.g. technical and 

function quality) and value received (e.g. price, social and operational factors in conjunction 

with risk reduction strategies and value maximisation strategies). In addition, he suggests 

investigating and deeply understanding value drivers during the whole life cycle process as 

well as identifying the risks associated with value. Value cannot be separated from risk, and 

these factors are strongly related. Providing good risk management will enhance project 

value. 

The terminologies around value are used to describe a systematic approach to evaluating 

project functions in order to deliver a product in the most effective way. In the construction 
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industry, the term value has various definitions and is used in different way depending on the 

context and/or situation. Therefore, it is necessary for readers and practitioners to understand 

these definitions. Some of these terminologies will be briefly presented and defined in this 

section. 

Value processes are used in many different countries under different names such as value 

analysis (VA), value planning (VP), value engineering (VE), value management (VM) and 

value methodology. SAVE International (2007) illustrates that value methodology is 

commonly used in a variety of applications such as industrial projects, end products, 

construction projects, manufacturing processes, business procedures and services under the 

terms of VA, VE and/or VM. Many writers agree that the technique began under the name 

value analysis, which was developed in the United States during World War II by Lawrence 

D. Miles at the General Electric Company. After several years, the method became more 

popular as value analysis; then VE evolved into VM (Al-Yousefi, 2009; Kelly et al., 2004; 

ICE, 1996). 

Value management is a very good approach to deliver project objectives and improve value. 

Value management is a term that covers all definitions, terminologies and aspects that lead to 

successes, defined by Dallas (2006) as “An umbrella term used to embrace all activities and 

techniques used in the effort to deliver better value for the client, commonly abbreviated to 

VM”. Value management is considered to be one of the management concepts that cover 

most of the aspects relevant to the construction industry in improving quality, performance 

and cost control. In addition, it can be used in a construction project to ensure that the project 

is delivered in the most effective way possible, and that the customer will achieve his/her 

needs within the appropriate price range. 

 Value planning (VP)  3.3.1
This phase is equivalent to the information gathering phase in the VE process. Value 

planning is usually applied during the early stage of a project, which means the value process 

starts at the conceptual phase and is planned into the whole life cycle of the project from its 

beginning. Value planning offers options to achieve the owners’ requirements and to gain 

essential value objectives and criteria (ICE, 1996). The Institution of Civil Engineers (1996) 

describes VP as one of the subsets of value management. Merna and Lamb (2003) state that 

this phase occurs throughout the development proposals and that it is the most important 

phase because of its focus on business issues and how to develop strategic plans to illuminate 
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the future objectives and targets. As shown in the Figure 3-3 below, the study of value 

planning consists of three mechanisms: need verification, project definition and brief 

development.  

 

 

Figure 3-3 Value Planning Mechanisms  

 

 

 Need verification  3.3.1.1

The first mechanism – need verification – occurs during the inception stage in order to make 

beneficial recommendations to the management board or project sponsor. According to the 

RIBA (2007) work stages, need verification occurs in the preparation stage as an appraisal 

process to assess whether the project is the most appropriate way to deliver the desired 

benefits of the business strategy. Building up the business case for this component requires 

obtaining information such as the project objectives, the time required, the overall capital 

budget, who supports the project, and why the project is necessary, as well as necessitates 

strengths, weaknesses, opportunities and threats (SWOT) analysis and financial analysis to 

calculate both the internal rate of return and net present value for the project. Ultimately, 

validating the business case with stakeholders is also necessary, as well as testing its strategic 

fit within the identified value drivers and verifying the best approach to deliver the benefits 

(Dallas, 2006). The OGC (2003) suggest using a key review stage to ensure that the project 

value plan is incorporated and drawn up according to the project’s execution. Therefore, 

during the inception stage and before Gateway 0: Strategic Assessment, the stakeholders’ 

needs, objectives and priorities need to be verified in order to evaluate the project’s strategic 
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appraisal, as well as to place the project into one of three categories: do something, do 

nothing or maintain the status quo. 

 Project definition 3.3.1.2

The second and third mechanisms occur during the strategy and feasibility stages. According 

to the RIBA (2007) work stages, project definition occurs during the design brief stage. 

Project definition aims to identify information that helps to develop the project brief and 

should be defined at the programme and project levels in order to align design considerations 

to project objectives. In this sense, the programme level definition should involve identifying 

the most important value drivers to convey the programme objectives; here, value drivers 

should not be changed unless the programme objectives change. Meanwhile, the project level 

definition involves the study of how to align the project value profile with the design 

considerations level by using the provided value drivers (Dallas, 2006). As such, the project 

definition should be reviewed and assessed as described in OGC (2003) to evaluate options 

that might be linked to user needs, project objectives, and stakeholders priorities in order to 

help the project sponsor to develop the project brief, which needs to be done before Gateway 

1: Business Justification.  

 

 Brief development 3.3.1.3

Brief development is the third mechanism of value planning and should be performed 

throughout both the strategy and feasibility stages. In the RIBA (2007) work stages, brief 

development is considered to occur during the design stage. During this stage, the design 

team works to produce a number of routes or options that lead to achieving an effective 

project brief; they explore these options in order to identify advantages and disadvantages 

and to decide the option or route most appropriate both to the client’s requirements and to 

improving project value with the least risk. The optimal option or route should promote a 

common understanding of the project and assist in choosing the best design option and 

project procurement strategies (Dallas, 2006). Gateway 3: Procurement Strategy Review 

involves ensuring that the final selected options will achieve the project objectives and define 

the procurement strategy (OGC, 2003). 
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 The process of value planning  3.3.2
Value identification is the first process of the life cycle value framework and involves 

identifying the stakeholders and expressing their needs and expectations in terms of goals. 

Multidisciplinary stakeholders should contribute their potential information about business 

strategies such as market analysis, consumer needs, timing of system and others based on 

their perspectives. Developing the system requires balancing the views of multidisciplinary 

stakeholders (Hallander and Stanke 2001). 

 

Value proposition is the process of transferring the goals and ideas to concept and system 

architecture, i.e. collecting the stakeholders’ needs and goals and posing them as common 

objectives in order to create life cycle value. Multidisciplinary stakeholders together envision 

and develop a value proposal in order to make the critical link between value identification 

and value delivery for the system and to deal with any issues in the system design (Hallander 

and Stanke 2001). 

 

To achieve proper value planning, the project business case should be followed and studied 

carefully. Consequently, value planning consists of value identification and value 

proposition. Accomplishing these value tasks involves testing the value planning 

mechanisms, verifying the situation needs, defining the project, and developing the design 

brief. This process is shown in the following Figure 3-4.  



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 49 

 

 

Figure 3-4 Value Planning Process 

 

The need for the project depends on the business that requests its delivery. The team that 

participates in need verification examines the business case regarding whether the project 

introduces a new product or service, changes the operations or services that need delivering, 

poses legal issues for the current business, can compete in the new market, and increases the 

current project outcome, among many other aspects. The first task is to examine whether the 
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building project is the best way to deliver the desired benefit. Under study in this mechanism 

are the identification of the client’s needs and the objective business case and the definition 

of the possible constraints on project development. The study will propose the 

recommendations to the owner and management board regarding the direction of the business 

given the strategic appraisal, which would result in one of three categories: doing something, 

doing nothing and/or maintaining the status quo. This mechanism concludes by making a 

decision that considers the previous categories. At this point, the process advances to project 

definition.  

Project definition is a way to provide information that can help to develop the project brief. 

The decisions made during need verification will apply to the construction project during 

project definition, which consists of two levels: the programme level and the project level. At 

times, the programme will consist of interrelated projects that should be assessed carefully in 

order to provide objectives for the overall programme. The definition of the programme will 

determine the most significant drivers to achieve the total project’s objectives. Therefore, the 

programme definition should be addressed according to how it identifies the most important 

drivers to convey the programme objectives; here, value drivers should not be changed unless 

programme objectives change. After that, it will be necessary to use the programme drivers as 

a base for the project profile. Thereafter, defining the project level independently in order to 

develop the project value profile can allow accumulation at the level of design considerations. 

The decision will be made regarding the proposal for the programme definition and project 

level definition. If they agree on these considerations, the project can advance to the next 

stage: brief development. Otherwise, the project definition must be restudied. 

Brief development is a study that provides information that leads to developing the design 

brief. During this stage, the design team cooperates to produce a number of options and 

compares them according to how they satisfy the project. These options are explored to 

obtain the most appropriate one to improve the project value, reduce possible risks and 

achieve the client’s requirements. The result of this endeavour will provide a common 

understanding of the project, guide the choice of the appropriate design option and help to 

determine which procurement strategy needs to be used. Additionally, these options should 

be chosen from to identify a proper design option for the project. Agreement upon one of 

these options will allow those involved with the project to move on to the next value study – 

value analysis. Otherwise, the design team will have to restudy the brief development for 

further details and improvement. 
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 Value Engineering (VE)  3.3.3
This stage is equivalent to the functional analysis phase in VE processes. The terms value 

engineering and value management still overlap in their explanations, and might be divided 

into different categories depending on their objectives and definitions. The VE system is a 

term widely used in the US (McGeorge and Palmer, 2002). Some researchers like Dallas 

(2006) and Zimmerman and Hart (1982) note that the term VE is applied to an existing 

product or building. However, Kelly and Male (2002) state that VE is a subset of VM, as 

shown in Figure 3-5. They note that the value engineering approach starts when the elements 

and components meet the ends of the physical project.  

 

Figure 3-5 Value Engineering is a subset of Value Management (Kelly and Male, 2002), p.79 

Connaughton and Green (1996) support this idea by saying that the relationship between 

value management and value engineering is one in which VE is a special case of VM. 

However, they believe that the VE approach is to deliver the project at the lowest cost 

without sacrificing quality, performance and reliability. The Highways Agency (2009) states 

that the use of the terms VM or VE indicates a method of applying principles such as value 

management to project strategy and value engineering to detailed design. In this work, value 

engineering is based on three mechanisms: value engineering, design cost review, and the 

construction, as shown in the following Figure3-6. 

This text box is where the unedited thesis included the following third party 

copyrighted material: 

Kelly, J. and Male, S. (2002) Value Management. in Kelly, J., Morledge, R. and 

Wilkinson, S., (eds.) Best Value in Construction,Oxford, UK: Blackwell. P. 79 
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Figure 3-6 Value Engineering Mechanisms 

 Value engineering 3.3.3.1

The mechanism of value engineering consists of specific stages that analyse and develop a 

number of alternatives in order to achieve the project’s required functions. The RIBA (2007) 

work stages consider that this mechanism occurs during the design development stage. Al-

Yousefi (2009) mentions arguments among experts regarding the number of these stages, 

which can range from five to 10. The value study applied in this mechanism is divided into 

six stages: the information or preparation stage, the function analysis stage, the creativity or 

generating ideas stage, the evaluation stage, the development stage, and the presentation stage 

(Dallas, 2006; SAVE International, 2007; Al-Yousefi, 2009). The project’s complexity and 

size, estimated cost and its stage of development are a few of the significant factors that 

affect the duration of executing this mechanism (SAVE International, 2007). Al-Yousefi 

(2009) illustrates how these stages work, as shown in the Figure 3-7 below. As such, the 

value engineering stages will now be described briefly. 

  

Figure 3-7 Value Engineering Stages 
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 Information/Preparation stage 

The main objectives for this stage are to understand the project status and the constraints that 

might impact on its conclusion. Furthermore, the outcome of this stage will confirm if the 

project objectives are still the same and if the project value drivers are relevant (Dallas, 

2006). The information stage provides mutual understanding of the project to all of the 

project team members, including operational, tactical and specific factors of the subject 

(SAVE International 2007). 

 Function analysis stage 

In this stage, the value team participates to understand the functional side of the project as 

“what must the project do, rather than how the project is currently conceived” (SAVE 

International 2007). Developing more detailed functions, classifying and weighting them to 

obtain improvement, elimination, or creation and achieve the project’s objective and/or cost 

savings as well as confirms that has not changed (Dallas, 2006).  

 Creativity/Generating idea stage 

The purpose of this stage is to generate and list creative ideas related to other ways of 

performing each key function selected for study. In some references, the speculation stage is 

referred to as the creative stage. The ideas should be relevant to all objectives not only the 

functions that seem high cost to perform. The most effective technique used in the creative 

phase is brainstorming.  

 Evaluation stage 

Once the ideas have been generated, the team should reduce the number of ideas that have 

been previously identified to a short, focused list with the highest possible chance, i.e. higher-

ranked ideas to improve the project. Al-Yousefi (2008) claims that weighted evaluation is 

applied in some cases at the expense of the effects of the project rather than the costs (capital 

and life cycle). Consequently, the team members concentrate on higher-ranked ideas. Al-

Yousefi (2008) also states that a focused list of ideas contributes to improve quality, 

sustainability, functionality and performance. 

 Development stage 

The purpose of this stage is to add further analysis and to develop the selected alternative 

ideas for improving project value. In this stage, an action plan should be identified to describe 
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implementation steps, timeline or dates, and responsibilities for each value alternative. The 

expected outcome of the development stage is: the team propose different scenarios, i.e. 

proposals, for instance, low-risk, medium-risk, and high-risk scenarios. Then these scenarios 

can be shown to senior management, and can be offered as options that address briefing 

development study objectives (SAVE International 2007). 

 Presentation stage 

The value team at this stage presents value options to the decision-makers and the 

management team in order to ensure that they understand the rationale for the value study 

proposals (SAVE International 2007). They describe the impacts of the proposed alternatives 

in terms of time, cost and quality, the advantages and disadvantages of each proposed 

alternative and the recommendations that describe the existing design solution within the 

proposed alternative (Dallas, 2006). This stage is the key to presenting a preliminary value 

engineering proposal for implementation of the action plan.  

The value engineering study can be taken more than once to optimise and improve the 

selected design solutions in terms of cost, time and quality. The members of the design team 

and the decisions-makers will develop and validate the value engineering studies, regarding 

whether to include them in the project or not (Dallas, 2006). SAVE International (2007) 

indicate that value methodologies can be undertaken many times during a project’s life. In 

addition, an early value engineering study helps to obtain the right direction for a project; 

repeated studies will help to refine the project, and late applications of value engineering 

taken to develop the project might lead to increased implementation costs. The output of the 

application of the value engineering stage will result in a better design that provides optimum 

value at least risk (Dallas, 2006). 

 Design and cost review 3.3.3.2

Despite the best efforts of the project team to stay within budget, the cost of an completely 

developed design might exceed the project budget. Therefore, the design and cost review 

mechanism was developed to reduce costs and improve building ability by exploring and 

selecting functional areas of different parts of the building (Dallas, 2006). This mechanism 

can be undertaken during the pre-construction and/or construction stage(s). The RIBA (2007) 

work stages consider that this mechanism occurs during the technical design stage, 

production information stage, tender documentation stage and tender action. The output of 

this mechanism is a refined, detailed design and construction; the mechanism aims to 
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improve the supply chain efficiency (i.e., to reduce the construction cost to an acceptable 

level) and ensure that the risks taken by the owner are well-managed and effective. It is good 

practice for the contractor to perform these tasks in order to protect his/her profit margins and 

ensure the constructed building achieves the operator’s and owner’s expectations (Dallas, 

2006).   

 Construction 3.3.3.3

At the construction stage, the contractor will take the responsibility of managing the 

construction risks and making the project recovery plan. This stage seeks to construct the 

building and deliver the owner’s objectives. The RIBA (2007) work stages consider that this 

mechanism occurs during the construction mobilisation stage and continues until practical 

completion. This stage should involve contractor appointment, site arrangement and the 

practical completion of the project. After this mechanism, the project reaches OGC (2003) 

Gateway 4, which is readiness for service. 

 The process of value analysis 3.3.4
Zimmerman and Hart (1982) describe value analysis as value study for a project or product 

that has already been executed or designed to see if it can be improved; a process applied 

after completing the project. Merna and Lamb (2003) describe it as a process used to generate 

a set of alternatives to achieve the project objectives. Moreover, Kelly et al. (2004) define 

value analysis as “an originated approach to the identification and elimination of 

unnecessary cost”. Younker (2003, cited in Alalshikh, 2010) mentions that value analysis is a 

synonym of value engineering or value management. SAVE International (2007) describe it 

as a part of value methodology. Dallas (2006) describes it as similar to VE when applied to 

an existing product or building, which is used to analyse and compare the provided options 

and then choose the best option to meet the owners’ needs and the required functions. At this 

stage, the project objectives should be confirmed and then followed by a value job plan, 

which may vary in steps according to different standards. The ICE describes these steps as 

information gathering, function analysis, speculation, evaluation, VE proposal and final 

report, and then the implementation/follow-up (ICE, 1996). 

Proper value analysis should involve the review and analysis of the project in order to 

optimise its benefits and costs. Consequently, value engineering is based on value analysis, 

which accomplishes the study of value engineering components; it involves using value 

engineering techniques, reviewing the design cost and mobilising construction. As a result of 
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value planning, the design brief will proceed into further analysis in value engineering. The 

following Figure 3-8 shows the value analysis process. 

 

Figure 3-8 Value Analysis Process 

 

Value engineering techniques are used to optimise the cost, time and quality of the project, as 

well as to improve the selected design solution within a plan of reduced risk. The value 

engineering team might use these techniques more than once during the project development. 

The early application of value engineering helps to obtain better results and benefits. At the 

same time, the late application of value engineering might lead to higher implementation 
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costs. Value engineering consists of numerous stages that analyse the project and design by 

generating alternative options and ideas that can achieve the required functions. The 

techniques start at the information stage, which reviews the project’s status and constraints. 

The study team then participates in analysing, classifying and prioritising project functions in 

order to make them usable for improvement. After that, the creative stage involves generating 

alternative options to deliver the project at a lower cost and optimising the duration that can 

maintain and/or improve the quality. Evaluating alternatives in order to concentrate on 

higher-ranked ideas can also improve project delivery. Next, the development stage aims to 

conduct further analysis in order to develop the selected alternatives, as well as to identify the 

action plan to define the implementation steps, timeline and responsibility of each alternative. 

At this point, different scenarios should be proposed for presentation to senior management. 

Finally, the team presents these scenarios and the rationale of the value study proposal. 

Consequently, the decision for implementation will be made by the design team and the 

management board and should either incorporate the modification and development of the 

design or not, depending on whether the result is convenient and the decision-makers believe 

that the result will lead to the reapplication of value engineering techniques. Agreement upon 

this study will allow advancement to the next value analysis mechanism: design cost review.  

The following mechanism seeks to reassess the estimated cost for the developed design. The 

study concentrates on exploring the project’s functionalities in terms of reducing costs and 

making better construction headway. This study should be considered in the event that the 

design team understands all of the different parts of the project, their functionality and their 

consequences. The decision in the cost reduction study will either let the project continue or 

underscore the need to revaluate this mechanism. 

The next mechanism is mobilisation, construction and practical completion. The construction 

stage varies depending on the project’s fulfilment and the site’s conditions. After the project 

is almost completely constructed and is ready for service and use, the next stage is to move 

on to value reviewing and project delivery. 

 Value Reviewing (VR)  3.3.5
Value reviewing is employed by the ICE as part of value management. Value reviewing is 

applied at planned stages to assess and record the effectiveness of the value process and its 

management (ICE, 1996). However, Merna and Lamb (2003) describe it as a final stage of 

the process to review the data collected during the project life cycle. Value review is a review 
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of the data collected during the project life cycle and a recording of data such as value tools, 

methods, techniques, and the systems that were adapted in order to be applicable to future 

and present work and to help to generate better returns (Merna and Lamb, 2003). In addition, 

Dallas (2006) describes it as the final phase of learning lessons and performance optimisation 

that starts once the construction phase is completed. The project team review the project and 

collect data in order to check whether the project has achieved the defined benefits as well as 

to improve value management proposals in future work (Dallas 2006). As shown in the 

following Figure3-9, the work of value reviewing consists of two mechanisms: operation and 

project review. 

 

Figure 3-9 Value Reviewing Mechanisms 

 

 Operation 3.3.5.1

Once the building is completed and commissioned for readiness of use, the team should 

conduct a number of occupancy reviews and obtain feedback in order to assess the 

effectiveness of the value study and the degree to which expectations have been achieved 

(Dallas 2006). The RIBA (2007) work stages consider that this mechanism occurs at the post-

practical completion and in-use stage. This mechanism aims to review the project’s 

performance while it is in use and ascertain whether it delivers the required objectives.  

 

 Project review 3.3.5.2

The project continues to be reviewed according to its ability to deliver effective value during 

its life and commission. Operational reviews help to identify in what ways the project can be 

improved. This mechanism elucidates ways to improve future project management, 
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operational performance and other important aspects or needs for future projects (Dallas 

2006). The mechanism at this stage will provide feedback for continuous improvement. This 

review in OGC (2003) is called benefits evaluation, which involves methods that improve the 

time for executing the construction, reducing the cost of its whole life and/or improving 

value.  

 

 The process of value reviewing methodology  3.3.6
Value at this stage should be determined according to the owner’s and end-user’s 

expectations. The value review is used at the final stage of the process to review data 

collected during the project’s life cycle and record other data such as value tools, methods, 

techniques and the system adopted, all in order to account for future and present projects and 

to help to generate better returns (Merna and Lamb, 2003). The final phase involves learning 

lessons and optimising performance; it begins once the construction phase is completed. The 

project team reviews the project and collects data to assess whether the project has achieved 

the defined benefits, as well as to improve value management proposals in future work 

(Dallas, 2006). 

 

At this stage, the project (i.e., building) can be occupied and commissioned. Value reviewing 

is based on achieving proper value delivery and control of the project. Once the project or 

building is completed, the operation and the project review should assess the project for 

whether, in terms of value effectiveness, it achieves the value study expectations. Value 

reviewing consists of operation and project review mechanisms. The process is shown in the 

following Figure 3-10. 
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Figure 3-10 Value Reviewing process 

The operation mechanism occurs during the commission and use stages. The project should 

be assisted by building users during the beginning of the occupation period. The 

administration of the building should make an inspection before it hands over the project. The 

value study can be performed for maintenance and replacement, for improving and updating 

the project facilities, as well as for facility management. Once the project is operational, 

value is partly derived and a period is required in which to deliver the whole project value. 

During the use of the project’s facilities, the project will be controlled and monitored in order 

to keep the project optimally operational without any disturbances or interruptions. The 

project needs to be reassessed in terms of the effectiveness after any replacements to and/or 

maintenance of the facility occur. The project will then continue to be reviewed for its ability 

to convey effective value throughout its life and commission. Monitoring and control will 

apply throughout the project’s life in order to continuously develop the project. As such, there 

are many lessons that can be learned from the project feedback and reviews, which can help 
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to improve current and future projects, as well as obtain better project management and 

operational performance. The evaluation methods for the whole project life cycle help to 

reduce the execution time and cost and provide effective value. 

 Value Creation Framework  3.4

It appears that the common purpose between all of the existing frameworks is to capture 

value through the implementation of value management and value analysis techniques 

throughout a project’s life cycle. However, the value creation framework posed by this work 

is driven by the research gap that was identified in the literature review. The framework 

forges stronger links between performance measures/values at a project 

development/operation level and value creation at a corporate level taking into consideration 

all value creation derives and associated risks. The value creation framework are composed 

of; corporate objectives (at strategic level) and Implementation process (at project level) as 

shown in Figure 3-11. The underlying principle here is that improvement in project value can 

result from either a cost reduction or a cost increase if performance is enhanced or from 

reducing the risks. At the corporate level, the endeavour is all about maximising returns (both 

tangible intangible). 

The corporation must have intelligence concerning which factors most influence value and 

which factors can be most easily affected by risks. These influencing factors are the primary 

focus for unlocking and maximising value. Thus, identifying and incorporating the impact of 

these value drivers in the development of green buildings through VE processes will focus 

the stakeholders’ attention and will most certainly concentrate effort regarding the issues that 

will have the greatest impact on value creation. The value drivers and risks that are deemed 

influential must then be examined to discover if they can be managed and controlled 

effectively. If this analysis is completed effectively in parallel with VE, it will ensure that 

value creation strategies from projects are aligned with the asset owner’s business value 

drivers. 
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Figure 3-11 Value Creation Framework 
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 Summary 3.5

The value creation framework forges stronger links between performance measures/values at 

a project development/operation level and value creation at a corporate level taking into 

consideration all value creation derives and associated risks. The framework identifies the 

key characteristics of the value methodology, such as value planning, value engineering and 

value reviewing during the project life cycle, which need further investigation. It can be said 

that the proposed value framework system assists organisations to simulate project 

performance and maintain risk at a tolerance level. The following two chapters will 

investigate and extract the most important value drivers and risk factors that have an impact 

on the project value creation for green building design. 
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Chapter 4: Value Drivers 

 Introduction 4.1

This chapter aims to investigate and classify drivers that contribute to value creation in the 

green building design process. It is postulated that extracting controllable value attributes 

might assist in measuring the value and value creation of green building assets. It is also 

hypothesised that these drivers help in the development of successful projects by optimising 

the investment, operational cost and performance of building assets. Investing in green 

building can create value by protecting the environment, obtaining greater market return on 

investment and having a positive impact on the community through better quality design and 

development (Chappell and Corps, 2009). ASTM International (2001) describe the benefits 

of a green building as follows: “a green building optimises efficiencies in resource 

management and operational performance; and minimises risks to human health and the 

environment”.  

 Classification of Value Drivers 4.2

 Kelly and Duerk (2002) suggest that the client’s value system should be considered in the 

construction project briefing which comprises seven elements: time, capital expenditure cost 

(CAPEX), operating expenditure cost (OPEX), environment, exchange, esteem and fitness of 

purpose. They go on to suggest that measuring and optimising an asset’s performance 

involves economic performance (to obtain value for money), functional performance (to be 

fit for purpose such as appropriate in size and form), physical performance (concerns about 

the efficiency of the asset’s operation and maintenance), and service performance (to achieve 

a satisfactory working environment for the occupants and satisfaction with regard to quality 

from the client’s perspective). Connaughton and Green (1996) indicate that the most effective 

way of identifying and achieving a project’s objectives is by using the value engineering 

approach to clarify the required functions of the project,, then identify the possible design 

options for these functions, and then evaluate and examine their value in terms of CAPEX, 

the project life cycle cost (OPEX), buildability, durability, and performance. In addition, ICE 

(1996) describe that a helpful way of assessing a project and its purpose is by breaking down 

the project’s value into a value tree structure by breaking down the main value into sub-

values and then these sub-values are again broken down to extract the value attributes. The 
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ICE provide an example of a value tree and mention that the main value generators are: low 

capital cost, high operational efficiency and being environmentally friendly. Arena (2014) 

believes that improving a company’s performance is driven by value creation. The 

nonfinancial performance indicators – which are: time (to deliver, to develop, to market), 

quality, flexibility (respond to change, expansion), productivity, environment and 

sustainability plus social responsibility – guide a company in predicting the value creation 

and measure both revenue drivers and cost drivers. Identifying the performance variables in 

value management is necessary to appraise the client about project value creation. Kirk and 

Speckelmyer (1993, cited in Kelly, 2007) mention that the performance variables in value 

creation are: image, human & technical performance, efficiency, flexibility, life cycle cost, 

energy conservation, community and security. The Construction Industry Council has 

produced design quality indicators to evaluate and measure the design quality and the value 

obtained; these indicators are: functionality, build quality and impact within the project 

context of finance, time and environment resources (natural and human) (Saxon, 2005; Gann 

et al, 2003). Kelly (2007) describes the performance variables for a client’s value creation 

system as nine non-correlated performance variables, which are: CAPEX, OPEX, time, 

esteem, environment, exchange, politics/community and the use value, which is composed of 

flexibility and comfort. Thiry (1997) claims that identifying the key quality elements to create 

value and meet the project expectations varies depending on the type of asset, building and/or 

project. He identifies 12 quality elements for a new university building to produce project 

value and obtain high performance; these identified quality elements are under four headings: 

operation (effectiveness, flexibility/expandability and user comfort), resources (capital cost, 

operation & maintenance cost and schedule), technology (environmental, engineering 

performance and security/safety) and image (site planning, architecture and community 

value). The NAO (2004) classify the value drivers into six main value drivers for obtaining 

value for money: the effectiveness of the business case, project management efficiency, 

financial performance, the impact on locality, operational and environmental impact, and 

complying with the requirements. In this research, the classification of value creation drivers 

will follow the proposed value creation framework in the previous chapter, which are 

composed of financial, functional, operational, and environmental and management value 

drivers which will be described in the following sections. 
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 Financial Performance Attributes    4.3

Investigating and extracting the controllable financial value attributes will help in attaining 

value engineering objectives by optimising the financial investment and the project cost 

through examining the alternative options identified in the function analysis stage. A value 

management/engineering study needs to consider the capital expenditure, which is the 

investment costs incurred to complete the project and obtain the physical assets, and 

operational expenditure, which is the ongoing cost required to operate the project, for further 

investigation required to understand and construct what the client wants (Kelly, 2007). Thiry 

(1997) describes the capital cost, and operation and maintenance cost as resources by which 

to create project value. ICE (1996) mentions that establishing low capital cost and high 

operating efficiency would create a viable and profitable facility. Davies (2005) suggests that 

the way to improve the green building asset’s value related to performance and keep down its 

construction cost is through involving green building professionals early in the design stage, 

before the key decisions are made, to maximise the green building’s design benefits and 

minimise cost. Early investment in the design quality helps to create project value (NAO, 

2004; Green Building Council, 2013). The design quality is considered to be an important 

factor that contributes to good investment, which can improve the economy and the 

building’s efficiency during its life. A well-designed building involves economical use of 

space, low maintenance cost, flexibility for change and efficient use of energy (Greenwood, 

2002). The NAO (2004) advocate that good design would increase value for money across 

the asset’s life. Several studies believe that a green building design may have a longer 

economic life because it is built with more durable and low maintenance materials (Asstin, 

2012; Green Building Council, 2013). The value engineering technique can be used when a 

project’s objectives are confirmed in order to improve cost-effectiveness of the project design 

(Connaughton and Green, 1996). Value analysis is described by Kelly and Male (2002) as an 

organised approach to identify and eliminate unnecessary costs in order to obtain the required 

functions. Value management can create valuable assets for the client and ensure their 

investment in construction has effectiveness cost to construct, use and maintain. Eliminating 

the unnecessary cost through value management can bring about savings in the capital cost of 

between 10% and 25% on a construction project (Connaughton and Green, 1996).          

Life cycle costing is usually applied in the value engineering development stage in order to 

assess the cost of a project or design over its operating life and provide meaningful 
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comparison between present value of the total cost of the assets with different design options. 

Life cycle costing takes account of capital cost, operating, maintenance and repair cost as 

well as residual value, which is the cost or benefits of the assets at the end of its life 

(Connaughton and Green, 1996; Pasquire and Swaffield, 2002; Bowyer, 2013). Providing 

certainty of cost helps to reach the lowest whole life cost, which leads to the achievement of 

value for money. Smith (2002) suggests the way to achieve cost certainty is through 

streamlining the design and construction, integrating the design, construction and 

maintenance, and involving specialists. It is important to manage the consequences of the 

construction and design process, and ensure the project cost does not exceed the estimated 

budget in order to achieve value for money (Greenwood, 2002). Therefore, the estimated cost 

and the cost control should be taken into account. It is suggested that some factors might 

affect the cost-effectiveness. These include the differences in the construction cost between 

the day of estimated completion and the time to carry out the work, inflation (Greenwood, 

2002; Connaughton and Green, 1996; Pasquire and Swaffield, 2002; Arena, 2014), interest 

rate movement and cost of capital (Connaughton and Green, 1996; Pasquire and Swaffield, 

2002; Arena, 2014), and fees payable (such as tax, insurance, and to relevant authority for 

approval under local/national legislation, which might be reduced in some countries due to 

the use of environmentally friendly material and low carbon and energy production when in 

use, i.e. green building (Ostime, 2013; Green Building Council, 2013; Austin, 2012). The 

Royal Institute of British Architects recommends protecting a project’s value by providing 

adequate insurance cover in case of legal and potential damages costs (Ostime, 2013). Green 

buildings and sustainable buildings’ features have the potential to provide indirect benefits 

and obtain value related to reduction in some payable fees, cost of capital and insurance rate 

(Green Building Council, 2013; Muldavin, 2010). However, Lützkendorf and Lorenz (2006) 

claim that most of the banks around the world do not distinguish between sustainable 

buildings and conventional buildings in the calculation of credit and mortgage, although they 

mention that some banks in Switzerland offer advantages like higher loan amounts, lower 

down-payment requirements and discounts in the interest rate for sustainable buildings, and 

banks in other, smaller counties offer mortgages for green or energy-efficient buildings. 

Furthermore, it is important to take into consideration the impact of the green building on 

optimising the financial investment. The financial performance attributes of green building 

investment should be investigated more in terms of the return to the business in comparison 

with a conventional building in a real state. NASA (2001) suggest using the application of 
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value engineering and life cycle costing to support sustainable development and obtain 

significant objective to the project value. Additionally, a sustainable design offers potential 

return on investment. The Green Building Council (2013) mention that, if a building is 

‘green’, this can have a positive impact on its long-term value and improve the overall return 

on investment. In value engineering, the return on investment is used to measure the project 

or function saving in relation to the initial cost (PBS-PQ250, 1992; Muldavin, 2010). The 

Green Building Council’s (2013) report investigates the business cost and the green building 

benefits in five categories: design and construction cost, asset value, operational cost, 

workplace productivity and health, risk mitigation and scaling-up from a green building, in 

order to assign potential financial value to the benefits of a green building. By looking at the 

design and construction cost, the report shows that the capital cost used to design and 

construct green buildings is quite higher than for traditional buildings. NASA (2001) state 

that many sustainable design features can be incorporated with no increase in the design and 

construction cost; however, some of them may not be economically justified. The Green 

Building Council’s (2013) report goes on to suggest that the capital increase in the majority 

of green buildings ranges from 0%- 4%. Unless the green building is designed to produce 

zero carbon emissions, the capital increase is 12.5% higher than for traditional buildings, 

which means that capital cost is proportional to the green building’s environmental 

certification; for instance, higher levels of certification such as BREEAM Very Good, LEED 

Silver/Gold have been shown to range from 0% to 10%, and the highest levels such as 

BREEAM Excellent, LEED Platinum and ‘zero carbon’ are in the range of 2% to 12.5% 

higher costs. However, the green buildings obtain lower life cycle costing and save money 

through reduction in water usage, energy and operation and maintenance costs. The report 

indicates that a certified green building in the same market would increase the asset’s 

marketability and create value by increasing the sale price in the range of 0%-30%, rental 

price in the range of 0% to 24.9% and occupancy rate range of 0%-23.1% (Green Building 

Council, 2013). There are some equivalent environmental assessment tools in Arab Gulf 

countries such as BREEAM Gulf/Middle East, Estidama in the United Arab Emirates and 

Qatar Sustainable Assessment System (QSAS). Muldavin (2010) adds two drivers that should 

be considered to assess the market response to a building’s performance: revenue and risk 

considerations into the sustainable building. Muldavin argues that most sustainable 

investment decisions are built and evaluated based on the cost saving and the impact of the 

sustainable building features on operation cost by using the simple payback or return on 

investment for most operations and maintenance-related investments, rather than taking into 
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consideration revenue and risk in the decision, which might lead to less environmentally and 

financially beneficial investment. NASA (2001) suggest that it is important to find out the 

proper balance between the design/construction cost for a green building and the reduction in 

life cycle costing. The financial performance for a project business case can be summarised 

as the NAO (2004) mention optimising the balance between the capital costs, operating costs 

and residual whole life value. The list of financial value attributes that need to be optimised 

during the design of green building assets is reported in the following table 4-1. 

 

Table 4-1 Financial Value Attributes 

Code  Financial value attributes  References 

VFI1 Efficiency of capital expenditure (CAPEX) Kellay and Duerk (2002); 

Then (2002); Connaughton 

and Green (1996); ICE 

(1996); Arena (2014); 

Kelly (2007); Saxon 

(2005); Gann et al. (2003); 

Thiry (1997); NAO (2004); 

Davies (2005); Green 

Building Council (2013); 

Greenwood (2002); Austin 

(2012); Kelly and Male 

(2002); Pasquire and 

Swaffield (2002); Bowyer 

(2013); Smith (2002); 

Ostime (2013); Muldavin 

(2010); Lützkendorf and 

Lorenz (2006); NASA 

(2001); PBS-PQ250 

(1992); Kats (2003); 

Goldberger (2010); 

Chappell and Corps 

(2009); Dell’Isola (2003); 

Alyami et al. (2013) 

VFI2 Efficiency of operational expenditure (OPEX) 
VFI3 Maximise the cost efficiency to build  
VFI4 Deliver/achieve cost certainty   
VFI5 Improve economic efficiency  
VFI6 Increase economic lifetime  
VFI7 Consider state of inflation  
VFI8 Maximise return on capex  
VFI9 Return on investment  
VFI10 Create investment planning and asset allocation 
VFI11 Maximise residual value 
VFI12 Minimise cost of capital  

VFI13 
Prevent legal and potential damages costs – provide adequate insurance cover to protect against 

legal and potential damages costs  
VFI14 Prevent loss of revenue  
VFI15 Optimise risk-return ratio of alternative options 
VFI16 Reduce the fees payable  
VFI17 Increase turnover  
VFI18 Maximise sale price  
VFI19 Maximise rental price  

VFI20 Maximise occupancy rate  

 

 Functional Performance Attributes    4.4

It is postulated that achieving high green building asset function reliability would lead to an 

increase in the asset value in the business. In the value engineering application, function 

value is described as an organised approach based on functional analysis which aims to 

obtain the essential functions at lowest cost within the required performance, reliability, 

quality and safety (Dell’Isola, 2003). The value can be defined as the ratio between function 

and life cycle cost (ICE, 1996). The application of value engineering involves identifying the 

main elements of the project, service or product, then analysing the elements’ functions, 
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generating alternative options to deliver the functions, costing the alternative options and then 

evaluating them to create the project value (Dell’Isola, 2003; Kelly and Male, 2002; ICE, 

1996; Connaughton and Green, 1996). The NAO (2004) state that a well-designed building 

can increase the asset value across its life. The design costs are likely to be 0.3-0.5% of the 

total cost over the lifetime of a building, construction cost about 2-3% of the total, and the 

cost of running the public services about 85% of the total (NAO; 2004). Therefore, this 

shows the importance of the building design compared with the benefits gained throughout its 

life. Building functionality can be defined as “the arrangement, quality and interrelationship 

of spaces and how the building is designed to be useful to all” (NAO; 2004). It has a high 

impact on the other value generators: financial saving, high operating efficiency, maintain 

save working environment and effective management.  

It is necessary to obtain an efficient result from value engineering in order to gather important 

information to be taken into consideration such as statutory and building regulations, 

standards, technical specifications, design and construction programmes, health and safety 

requirements, risk assessment and environmental requirements (ICE, 1996; Connaughton and 

Green, 1996; Dell’Isola, 2003). ICE (1996) point out that an efficient, low-risk design can 

produce low capital cost. It is important to consider and examine the functionality of all 

building elements assigned for building systems in a design project to meet a satisfactory 

level of performance in the functional requirements of foundations, substructure, 

superstructure, exterior closures, roofing, interior construction, site work, mechanical and 

electrical functions (Dell’Isola, 2003; Pulaski, 2004; CMAA, 2010). In addition, the 

following should also be considered: the adequacy of the space in terms of size efficiency 

(Muldavin, 2010; BEMU, 2005; NAO, 2004; Green Building Council, 2013); suitability and 

maintainability of materials (Muldavin, 2010; BEMU, 2005; Pulaski, 2004; NASA, 2001); 

functionality benefits: reliability, maintainability, security, expandability, sustainability, 

safety, durability, convenience, accessibility, flexibility, and adaptability (Dell’Isola, 2003); 

and usability and maintainability (Alyami et al, 2013). ICE (1996) point out a building’s 

reliability, durability and flexibility can contribute to its high operating efficiency. Dryer 

(2011) state that “building longevity and adaptability are critical to any analysis of long-term 

sustainability”. Yates et al. (2000) mention that maintenance, durability and accessibility of 

the design features must be considered in the detail design. Austin (2012) describes the 

design characteristics of a sustainable building designed to achieve a longer life cycle. He 

stresses that in order to attain this goal the building components must be evaluated in terms 
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of: durability of construction, use and adaptation, design efficiency in terms of gross building 

area, resource efficiency and operating cost saving, reliability, flexibility in use and future 

changes, and improved indoor environmental quality and sustainable design. The list of 

important functional value attributes which need to be used in optimising value creation 

during the design of green building assets are listed in the following table 4-2. 

Table 4-2 Functional Value Attributes 

Code  Functional value attributes  References 

VFU1 Maintain adaptable building – useful to all  Dell’Isola (2003); Kelly 

and Male (2002); ICE 

(1996); Connaughton 

and Green (1996); NAO 

(2004); Muldavin 

(2010); BEMU (2005); 

Pulaski (2004); NASA 

(2001); Alyami et al. 

(2013); Dryer (2011); 

Yates et al. (2000); 

Austin (2012); Kelly and 

Duerk (2002); 

Greenwood (2002); 

Thiry (1997); Slaughter 

(2001); Kibert et al. 

(2000); Markeset and 

Kumar (2003) 

VFU2 Increase life of services  
VFU3 Provide function – fitness for purpose  
VFU4 Offer flexibility and the potential to cater for user changes in the future 
VFU5 Accommodate growth   
VFU6 Provide inherent possibilities and values in alternative uses   
VFU7 Increase ease of use   
VFU8 Increase efficiency – add capacity   
VFU9 Adequate size and efficiency (gross internal, net internal and net usable areas and ratio)  
VFU10 Achieve spatial quality   
VFU11 Allow for space allowance   
VFU12 Allow/ease of/control/secure accessibility   
VFU13 Provide disability access   
VFU14 Assure convenience   
VFU15 Provide durable building –last longer   
VFU16 Maintain durability   
VFU17 Enable buildability   
VFU18 Create reliable building – safer   
VFU19 Maintain security – health and safety   
VFU20 Suitability and maintainability of materials    
VFU21 Meet all statutory requirements and building regulations   
VFU22 Ensure designed elements are standardised   
VFU23 Configure design to enable an efficient construction process   
VFU24 Ensure construction efficiency is considered in specification   
VFU25 Reduce risk of failure   
VFU26 Provide functional ability of the foundation’s requirements (strength and stability) 
VFU27 Ensure substructure functional requirements meet a satisfactory level of performance 
VFU28 Ensure superstructure functional requirements meet a satisfactory level of performance 
VFU29 Ensure functional requirements of exterior closures meet a satisfactory level of performance 
VFU30 Ensure roofing functional requirements meet a satisfactory level of performance 
VFU31 Ensure interior construction functional requirements meet a satisfactory level of performance 
VFU32 Ensure functional requirements of site work meets a satisfactory level of performance 
VFU33 Ensure mechanical functional requirements  meet a satisfactory level of performance 
VFU34 Ensure electrical functional meet a satisfactory level of performance 

 

 Operational Performance Attributes    4.5

The project life cycle information is important in value for money analysis. This includes the 

operational performance, which deal with some issues such as maintaining, operating and 

cleaning the building once it is in use. Over the building’s lifetime, the operating cost 

(running cost) would constitute about 85% of the total (NAO, 2004). Therefore, the NAO 

point out that there of plenty of opportunities to obtain high value creation throughout the life 
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cycle of a building’s development. Greenwood (2002) mentions that achieving a good design 

requires taking into consideration the building’s efficiency throughout its life, which involves 

efficient use of energy and low maintenance cost. Having a green building with green 

features can optimise operating costs. Efforts made in investing in a green building contribute 

to improving the performance life cycle operation through reducing the energy, water, utility, 

waste, operation and maintenance costs. In addition, a green building maintains a good indoor 

environment, which offers greater marketability, faster sale and letting as well as improving 

turnover with a higher return on investment (Muldavin 2010). The Green Building Council 

(2013) indicates that green buildings provide high operation efficiency, which leads to an 

increase in the asset’s market value. The Council further report that green buildings consume 

less energy than conventional buildings by about 25%-30% in the USA. In addition, Kats 

(2003) mentions that the high level of environmental certification required for green 

buildings would provide a higher percentage in saving energy. Furthermore, Chappell and 

Corps (2009) state that green building have a positive impact on the occupants’ health and 

productivity, which will generate more value for the business. They mention that tenant 

satisfaction in a building is related to the building’s temperature, acoustics and general health 

and productivity factors. In addition, strategies in ensuring the high performance of a green 

building are implemented to reduce waste, to reduce the operational risk, which results in 

higher property value, and to obtain energy savings, which can be directly capitalised and 

added to the asset’s value. Saxon (2005) points out that in order to support the occupiers’ 

performance and minimise the facility cost it is imperative that the building is designed to be 

effective for security, cleaning and maintenance access as well as to use energy efficiently 

and optimise the indoor environment. Due to the increase in the initial cost of a green 

building compared with a traditional building, Muldavin (2010) suggests using the value 

engineering process to assess investment in green buildings. Life cycle costing is one of the 

most important aspects that need to be optimised during the value engineering process. 

Achieving functions with low running cost, maintainability, low waste (Connaughton and 

Green, 1996; ICE, 1996; Dell’Isola, 2003), respond to work process, user comfort (Thiry, 

1997), secure and safe technology and services (Thiry, 1997; Dell’Isola, 2003) is reflected in 

high operational efficiency. Life cycle cost is described by Pasquire and Swaffield (2002) as 

the present value for an asset’s total cost over its operating life. 

Chiras (2004) indicates that it is important to make a building’s functions and system easy to 

maintain, operate, serve and control in order to obtain the higher benefits of a green building. 
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The NAO (2004) state that the building structure, layout, finishing and engineering system 

should be designed to be easy for cleaning, maintaining, and operating with low carbon 

emissions and energy consumption for heating, lighting, cooling and ventilation in order to 

minimise the operation and maintenance costs and the environmental impact. According to 

Austin (2012), the material and equipment in a green building can improve the building’s life 

cycle value by their ability to be reused, repaired and replaced. Austin further states that the 

operational performance in a green building can provide lower operating costs due to higher 

energy efficiency, which results in lower energy consumption, provide a healthy building in 

terms of air quality, thermal control and management of the indoor environment, and deal 

with daytime cleaning, waste and maintenance activities. The author adds that the service 

performance can be measured through the occupants’ satisfaction and the working 

environment. 

To sum up, the asset operation value drivers needed to optimise value creation during the 

design of a green building asset are listed in the following table 4-3. 

Table 4-3 Operational Value Attributes 

Code  Operational value attributes  References 

VOP1 Reduce/minimise/save energy usage   Austin (2012); NAO 

(2004); Greenwood (2002); 

Muldavin (2010); Green 

Building Council (2013); 

Kats (2003); Saxon (2005); 

Connaughton and Green 

(1996); ICE (1996); 

Dell’Isola (2003); Pasquire 

and Swaffield (2002); Thiry 

(1997); Chiras (2004); Then 

(2002); Gann et al. (2003); 

Davies (2005) 

VOP2 Maintain efficiency in terms of energy   
VOP3 Increase efficiency of utilities   
VOP4 Increase efficiency of heating, cooling and lighting   
VOP5 Easy to clean    
VOP6 Easy to maintain   
VOP7 Easy to manage   
VOP8 Easy to operate    
VOP9 Easy to inspect and maintain    
VOP10 Ease of running and managing the building’s equipment   
VOP11 Provide building systems that are easy to operate and control    
VOP12 Manage maintenance and servicing of equipment    
VOP13 Accommodate telecommunications    
VOP14 Provide security services    
VOP15 Reduce operational risk    
VOP16 Improve waste management - reducing and dealing with waste    

 

 Environmental Performance Attributes    4.6

A positive environmental performance can be obtained through minimising a building’s 

operational impact on the environment. A good building design for the building structure and 

engineering systems needs to be achieved. The design must respond to the site’s microclimate 

and it needs to contribute to the environment, which can result in a range of wider social and 

economic benefits; the building’s functionality should also be adaptable to accommodate 
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future uses (NAO, 2004). The NAO mention that the building should offer a comfortable, 

healthy environment which provides the proper temperature, air quality, acoustics and 

lighting, as well as minimising carbon dioxide emissions and energy consumption. Davies 

(2005) indicates that the green building objectives include sustainable site development, 

water efficiency, energy efficiency, indoor environmental quality and resource consumption 

of building materials. The author goes on to suggest that a green building contributes to value 

for businesses by reducing operating costs, offering a longer life cycle and lower 

development costs, and might improve occupant productivity. There are several 

environmental assessment tools (such as BREEAM and LEED) that provide valuable 

information which needs to be considered in the green building design process (Inbuilt, 2010; 

Sleeuw, 2011). According to several studies such as by the Green Building Council (2013) 

and Kats (2003), a building which is certified by an environmental organisation will obtain 

many benefits such as an increase in its market value and lower energy consumption. Alyami 

et al. (2013) emphasise that it is important to consider social and cultural aspects in a 

building’s design and evaluate them in order to meet the requirements of both the people and 

their environment. In addition, they state that the design should consider the service life 

quality of the building’s components by using environmentally  preferable material and 

evaluate them in terms of their functionality, usability, durability and reliability. In order to 

maintain a safe environmental impact, the environmental value drivers that need to be 

optimised during the design of a green building asset are listed in the following table 4-4. 

Table 4-4 Environmental Value Attributes 

Code  Environmental value attributes  References 

VEN1 Provide low carbon in use   Davies (2005); Alyami et 

al. (2013); IGBC (2012); 

Goldberger (2010); 

NASA (2001); Inbuilt 

(2010); Sleeuw (2011); 

Austin (2012); Ostime, 

(2013); NAO (2004); 

Muldavin (2010); Green 

Building Council (2013)  

VEN2 Accommodate energy and carbon efficiency   
VEN3 Provide indoor environmental quality   
VEN4 Access to natural light, management of air quality and temperature  
VEN5 Increase use of natural ventilation   

VEN6 
Ensure lighting and acoustic criteria for the facility design meet a satisfactory level of 

performance 
VEN7 Specifying low-maintenance, durable, environmentally preferable materials and equipment 
VEN8 Maximise resource reuse   
VEN9 Use renewable or recyclable resources    
VEN10 Minimise consumption of resources    
VEN11 Conserve water resources    
VEN12 Respond to site microclimate    
VEN13 Conform/adapt to future changes    
VEN14 Consider people and their local environment    
VEN15 Design for minimum waste      
VEN16 Obtain environmental certification from appropriate bodies  

 



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 76 

 

 

 Management Performance Attributes    4.7

The value engineering techniques are sometimes looked at as management tools to deliver the 

project on time with lower cost and better quality. Alyami et al. (2013) identify some 

considerations to be taken into account during management of the building development 

process. The authors suggest that additional value can be unlocked by integrating services 

such as commissioning strategy, procurement path, and planning the construction processes. 

The development and implementation of projects require financial, human and physical 

resources, organisational structure and contractual agreement. Greenwood (2002) states that 

the project manager should concentrate on three main tasks to unlock further value for the 

client. These are developing a project plan, identifying a team with skills, experience, 

capability and knowledge to carry out the project plan to obtain successful completion, and 

choosing the appropriate procurement strategy. According to the NAO (2004), the project 

team should be integrated into the project at an early stage in order to achieve project value. 

Connaughton and Green (1996) mention that the value management strategy can be used to 

identify the project objectives and provide a foundation for the stakeholders making 

accountable decisions. The NAO (2004) state that “the project teams should communicate 

well with all stakeholders. They should involve users, contractors and other members of the 

supply chain at appropriate times throughout the design and construction of the project to 

benefit from their expertise”. Connaughton and Green (1996) also recommend a management 

structure for the project using the application of risk management and value engineering. The 

project’s value can be perceived to have been achieved if the project is successfully 

completed within the risk tolerance level, for a reasonable cost, on time and through safe 

completion to the required specifications (ICE, 1996). In order to create high value-creating 

project management activities, the management value drivers that need to be optimised 

during the design of a green building asset are listed in the following table 4-5. 
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Table 4-5 Management Value Attributes 

Code  Management value attributes  References 

VMA1 Provide effective project management and delivery   Greenwood (2002); 

Connaughton and Green 

(1996); ICE (1996); NAO 

(2004); Alyami et al. 

(2013); Muldavin (2010); 

Green Building Council 

(2013); Ostime, (2013) 

VMA2 Provide risk management   
VMA3 Create strategic planning    
VMA4 Choose an appropriate procurement approach    
VMA5 Provide cost control to achieve the project objectives    
VMA6 Produce effective plans to achieve the project objectives    
VMA7 Lead work design and delivery planning    
VMA8 Maximise organisational efficiency    
VMA9 Able to design to scope/cost/budget/schedule/quality 
VMA10 Able to construct to scope/cost/budget/schedule/quality 
VMA11 Completed to specification   
VMA12 Maintain stakeholder interaction – accountability/clear expectations  

 

 

 Summary  4.8

This chapter has explained the extracted value drivers that are deemed important to project 

value creation in green building development. The chapter has presented the most important 

value drivers that should be considered in the value engineering process: 20 financial 

controllable value attributes, 34 functional controllable value attributes, 16 operational 

controllable value attributes, 16 environmental controllable value attributes and 12 

management controllable value attributes. These factors will be examined by sending a 

questionnaire to members of the Saudi Arabian construction industry in order to find out the 

most significant ones for use in the development of the green building design. 
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Chapter 5: Risks to Value Creation in Green Building 

Development 

 Introduction  5.1

Green buildings are normally viewed as long-term investment assets. They are, like any other 

long-term investments, subject to various sources of risk, influencing the potential outcome 

of investments or services provided. It is inevitable that many factors can affect whether or 

not a particular value can be realised from the investment. These risks may lie within any 

phase of the life of the building, from inception to disposal. It is generally hypothesised that 

that the greater the perceived risk of any built asset, the less value will be created 

(particularly tangible value). Conversely, it is also assumed that the lower the perceived risk, 

the higher the value that can be generated from investments in green buildings. It is accepted 

that it is a high risk to invest capital value (both financial and human) in building assets 

during design and production operations. This riskiness is because, if the project is not 

completed, then not all the anticipated value will be realised. Even when the construction 

process is completed, the potential for value destruction is still present. The risk to value 

returns from the green building operation stage still remains high (Boussabaine 2007). Risks 

to value creation from investment in green buildings are viewed in this study as a 

multidimensional concept entailing multiple types of risks including: financial, performance, 

physical, psychological, time and social risk (Snjo 2004). The importance of risk analysis in 

green building development is articulated by Muldavin (2010), who points out “sustainable 

properties generate powerful risk benefits and costs that need to be specifically analysed in 

the context of the property. Some of these key risks include energy cost volatility, litigation 

risk due to mold or sick building syndrome, regulatory risk, sub-leasing risk, exit risk, and 

development and construction risk”. Previous studies have suggested that the risk 

management process should be integrated with the value methodology (Boussabaine 2007, 

Kirk 1995, Mootanah et al. 1998, and Wu, 2000). This chapter examines the risks that may 

lead to value destruction in green building development and operation. The purpose of 

identifying these risks is to seek to develop an understanding of them by consideration of the 

magnitude of their consequences on value, should they occur, and the likelihood of their 

occurrence. 
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 Risks classification in green building development 5.2

There is no clear consensus in the existing literature on how to classify the existing risks that 

may emerge from the development of green buildings. However, several studies have 

attempted to create classifications that suit the objective of their research agenda. For 

example, Tiong (1990) clusters risk into financial, political, and technical aspects of green 

building development. Medda (2007) suggests additional classes to include commercial, 

regulatory, and economic risks. Zou et al. (2007) recommend classifying risks based on time, 

cost, quality, safety, and environmental aspects of performance. Yang et al. (2013) classify 

risks into several categories. Their notable addition to the previous classes is the 

ethics/reputation risk cluster. Zou, and Couani (2011) classify risks based on the perspective 

of the stakeholders involved in the process of green development. They identify a number of 

factors affecting the green building supply chain, which are summarised in Table 5-1. 

Boussabaine and Kirkham (2004) present a systemic life cycle risk classification based on 

design, construction, operation and disposal of building facilities.  

 

As can be seen from this short narrative, risk classification largely depends on the intend 

purpose of the investigation. Our proposed objective is to investigate the risks that lead to the 

destruction of value creation in the development of green building assets. Thus, the identified 

risk clusters in our studies include: functional risks (related to how the building and its 

components will function in use), financial risks (related to a project’s financing parameters, 

capital and operational costs, and return on investments), operational risks (related to safety 

and how easy and efficient the green assets are to operate), environmental risks (related to 

protecting the environment from the impacts of the development), and management risks 

(related to stakeholders’ interaction, knowledge, and contractual and organisational 

relationship). It should be noted that the purpose of our classification is to facilitate risk 

identification in value creation in green building development. These risks are then used to 

aid the process of value engineering analysis. The sources of the identified risks in our 

clusters are reviewed in the next sections.  
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Table 5-1 Risk factors across the green building supply chain (Zou, and Couani, 2011) 

Risk view  Risk factors  

Client Perspective  Project is no longer financially viable Higher investment costs to go 

green 

 Uncertainty over green building performance  

 Delays in resolving issues and problems Inaccurate quotations  

 Lack of commitment in the supply chain to go green  

 Poor interrelationships between supply chain partners  

 Lack of shared information on green building  

 Lack of knowledge of green building costs  

 Poor management of green-related information 

Consultant/ Designer 

Perspective 
 Lack of shared information on green building Lack of expertise  

 Limited creativity and innovation  

 Lack of commitment in the supply chain to go green  

 Uncertainty over green building performance  

 Poor management of green-related information  

 Slow response to meet design changes  

 Costs of investment in skills development 

Contractor Perspective  Slow approval processes due to green building Higher investment 

costs to go green  

 Costs of investment in skills development  

 Lack of commitment in the supply chain to go green  

 Poor management of green-related information Delays in resolving 

issues and problems  

 Non-complying products and materials  

 Uncertainty over green building performance Project is no longer 

financially viable  

 Non-standard workflows in communication  

 Lack of shared information on green building Poor interrelationships 

between supply chain partners  

 Slow response to meet design changes  

 Price inflation of construction materials  

 Lack of expertise  

 Change in technologies due to green building  

 Lack of knowledge of green building costs  

 Unfamiliarity with green building responsibilities 

Subcontractor Perspective  Non-complying products and materials  

 Costs of re-testing products and materials Lack of commitment in the 

supply chain to go green Poor management of green-related 

information Inability to conform to new specifications  

 Higher investment costs to go green  

 Costs of investment in skills development  

 Poor interrelationships between supply chain partners  

 Change in technologies due to green building Poor product quality  

 Limited number of green suppliers to choose from  

 Slow response to meet design changes  

 Slow approval processes due to green building  

 Risk Factors (In Order of Importance) Mean 

 Long product lead times for green products/materials  

 Contractors poor management ability 
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Supplier Perspective  Non-complying products and materials  

 Costs of re-testing products and materials  

 Higher investment costs to go green  

 Costs of investment in skills development  

 Change in technologies due to green building Excessive time-to-

market  

 Long product lead times for green products/materials  

 Lack of commitment in the supply chain to go green  

 Lack of expertise  

 Poor interrelationships between supply chain partners  

 Poor product quality  

 Inability to conform to new specifications 

Manufacturer Perspective  Costs of re-testing products and materials  

 Higher investment costs to go green  

 Non-complying products and materials  

 Excessive time-to-market  

 Uncertainty over market supply and demand Lack of expertise  

 Change in technologies due to green building Long product lead times 

for green products/materials  

 Poor interrelationships between supply chain partners  

 Inability to conform to new specifications  

 Lack of commitment in the supply chain to go green 

 

 Functional Risks  5.3

Functionality in the green building’s use plays a pivotal role in the optimisation of the 

operational cost of core services and the productivity of the occupant. From a value point of 

view, the function of a building and its components are related to the purpose of their design 

and existence. This implies that the design of green buildings must be subject to risk analysis 

in order to assess and understand the uncertainties that are associated with the function and 

design parameters. Changes in the assumption of these parameters may lead to different 

levels of performance and reliability. Functional risks can be attributed to the state of the 

product or services provided. If the service or product fails to fulfil its functional 

requirements as expected, then all or most of the invested value will be lost. Table 5-2 lists 

the functionality risks that may be found to have an impact on value creation in green 

building development. 

Time risk relates to the time spent in providing a service or developing a product that does 

not perform according to a particular WLC organisation’s viewpoint. Further discussion on 

risks that might affect WLC value creation can be found in Boussabaine and Kirkham (2004). 
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Physical risks are related to the building asset’s condition over the life span of the capital 

value investment. Typical risks include loss due to fire, corrosion, explosion, structural 

defect, war, etc. Technical risks are due to increased technology in manufacturing, 

communications, data handling, and interdependency of manufacturers, methods of storage, 

stock control and distribution. These risks could also be associated with physical aspects of 

the green building’s development. Building components and their function are subject to 

obsolescence in terms of service life, design life and functional purpose over time, leading to 

both tangible and intangible value. Wiedemer et al. (2011), argued that the monetary value 

generation from a building’s assets is directly related to quality and durability of the asset. 

The building’s systems should be easy to operate and also be robust and efficient. It is 

essential that a green building’s facilities should easily accommodate any changes in activity 

that are likely to occur throughout its life cycle, including when user requirements change in 

the future. This is essential to guard against the obsolesce risks.  

Zou and Couani (2011) compiled a list of key risk factors that may have a consequential 

impact throughout the green building’s supply chain. Al-Yousefi (2004) had previously 

highlighted risks due to the lack of quality, reliability and performance in sustainable 

development, Zou and Couani’s study confirms this, finding that the risks of “non-complying 

products and materials” and “change in technologies due to green building” are two major 

risks that are perceived to have an impact on green building development. Isa et al. (2013) 

point out that physical risks in green buildings might results from events such as earthquake, 

flood, wear and tear and user damage. The authors report that these risks will have an impact 

on the economic value of a property. The Green Building Council (2013) stress that 

sustainability risk factors can significantly undermine the economic value of the real estate 

assets and return on investment, and point out that investors in green buildings need to be 

aware that future changes in legislation may have an impact on the value of the asset and on 

their income streams. The Council stress the importance of the following regulatory risks:  

 Property value decrease due to changes in planning/transport policy 

 Inability to compete with newer, greener properties 

 Decrease in value due to low energy rating 

 Inability to lease due to new regulations 

The risk of obsolescence of the asset function or it is components will result in larger OPEX 

and may undermine the value of the asset leading to “lower income, smaller capital receipts, 
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higher costs and the possibility of legal action” (Green building council, 2013). The Council 

goes on to suggested that “However, reticence to use new technologies that can change 

demand-side behaviour (e.g., wireless measurement of energy use at appliance level) could 

increase the risk of obsolescence and missed opportunities for reduced operational costs”. 

Table 5-2 Functional Risk Factors 

Cluster  Code Risk Factors References  

Functional Risks 

R20 Failure to consider construction implications during design    Isa et al. (2013) 

 

Al-Yousefi (2004) 

 

Zou and Couani (2011) 

 

Wiedemer et al. (2011) 

 

Green Building Council 

(2013) 

 

Boussabaine and 

Kirkham (2004) 

 

Muldavin (2010) 

 

Durmus-Pedini and 

Ashuri (2010)   

R19 Failure to design to brief/specification    

R17 Failure to examine specifications due to unnecessary expense 

R33 
Failure to integrate the various systems to achieve the lowest life 

cycle costs 

R21 Design changes    

R22 Redesign/rework    

R35 Failure to identify low-value, long-lead-time items 

R36 Failure to consider design risks   

R15 Failure to consider constructability issues 

R16 Failure to appreciate design uncertainty 

R18 Failure to translate specification into the design 

R23 Failure to consider changes to current design standards 

R24 Failure to examine attributes which have no useful function 

R25 Failure to identify and understand functions 

R26 Unsuitable functional analysis 

R27 Failure to identify appropriate alternative function 

R29 Unproven construction techniques 

R30 Failure to consider legislative/regulation issues 

R31 Failure to consider new/change in technology 

R32 Failure to meet performance or design standards 

R34 Failure to choose/specify reliable materials 

R37 
Failure to consider inter-dependence between components in 

design 

R40 Insufficient space and capacity 

R41 Failure to consider construction health and safety 

 

 Financial Risks   5.4

Financial risks are attributed to inadequate inflation forecasts, incorrect marketing decisions, 

and credit policies. Zurich (2011) defines financial risks as “the additional costs of green 

buildings may affect completing projects on time and on budget, but must be weighed against 

the cost of not going green”. Table 5-3 lists the financial risks that may found to have an 

impact on value creation in green building development. It is argued by Haghnegahdar and 

Asgharizadeh (2008) that “75% of the projects are not accomplished in accordance with the 

apportioned expenses and schedules”. Zou and Couani (2011) identify “higher investment 

costs to go green‟ and “costs of investment in skills development” as additional costs in the 

development of green buildings. Zurich (2011) claims that “the additional costs associated 

with the design, construction and ownership of green buildings may prove to be too costly for 
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some companies and therefore affect their ability to complete projects on time within a 

specified budget”. According to the NAO (2004), buildings that consume large capital in their 

development and operation will end up having a negative impact on the user’s business and 

performance. Thus, if the budgets for both capital and whole-life costs are not estimated 

correctly and justified in the business case to be sustainable and affordable over the life of the 

green building facility, it will lead to the risks of failure to recognise the cost-value 

mismatches and failure to identify cost-value relationships. Thus, it may lead to the risk of 

losing potential revenue from the investment. It is also important that operational and 

maintenance costs are evaluated and kept within the budget. The investment appraisal must 

address various options for creating the required value from green buildings. Failure to 

consider the implications of economic conditions and to recognise cost as resource 

expenditure will certainly lead to the risk of affordability and to the risk that whole-life cost 

estimates are not realistic but are based on unreliable evidence.  

Indirect factors like the inflation rate, liquidity and financing risks will have an impact on the 

capital and operational costs of developing green buildings. Lower economic activities may 

influence both the asset’s economic value and the rental return. Higher financing cost will 

also result in value loss, leading to a longer period being required to recover the invested 

capital. Sustainability features are assumed to result in attracting funding at competitive rates. 

It is pointed out by Isa et al. (2013) that investments in green buildings “offers a better return 

to investors in the form of higher rent, capital appreciation and cost saving”. It is becoming a 

standard procedure that real estate valuation take into consideration the value difference if 

environmental features are not incorporated into the construction and operation of the 

building estates (Green Building Council, 2013). The Council goes on to suggest that “failure 

to meet sustainability benchmarking criteria of potential investment partners” may result in 

the following market risks:  

 Brown discounts (i.e., reduction in rent and asset value)  

 Increased speed of depreciation 

 Lower occupancy rates 

 Shorter tenancies 

 

The above supports the findings from Davies (2005) which suggest that “a clear link is 

beginning to emerge between the market value of a building and its green features and 
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related performance”. The above views are reinforced further by Durmus-Pedini and Ashuri 

(2010), who have compiled a list of financial risks associated with green buildings. The list 

includes the following risks:  

 

 Due to the common belief that “green cost [is] much higher”, lending amounts can be 

disproportionate to need resulting in needless debt;  

 Return on Investment needs more of a historical perspective to become more 

predictable; 

 Inexperienced teams might lack the skills to properly implement green-oriented 

technology, which could hinder its effectiveness;  

 Company budgets are not usually structured to track Life Cycle Cost (LCC) for a 

project, making longer-term gains harder to record;  

 Costs associated with litigation between the architect/engineers and the owner if 

certification is not reached; 

 Loss of tax incentives if certification is not reached;  

 New green building materials might result in issues never encountered previously and 

be a source of litigation;  

 Loss of possible financial gain if the building does not perform as it was intended to; 

  Possible unforeseen conditions of retrofitting existing buildings. 

 

Table 5-3 Financial Risk Factors 

Cluster  Code Risk Factors References 

Financial Risks 

R11 Failure to recognise cost-value mismatches    Isa et al. (2013) 

Zurich (2011) 

Zou and Couani  (2011) 

NAO (2004) 

Haghnegahdar and 

Asgharizadeh (2008) 

Boussabaine and 

Kirkham (2004) 

Green Building Council 

(2013) 

Cajias  and Bienert 

(2011) 

Eichholtz, Kok and 

Quigley (2010) 

Parker (2008) 

Davies (2005) 

Muldavin (2010) 

Durmus-Pedini and 

Ashuri (2010)   

R10 Failure to identify cost-value relationships   

R8 Failure to consider the cost of losing potential revenue    

R12 Failure to appropriately locate cost-to-function allocation 

R9 Uncertainty about prices     

R5 Inappropriate cost evaluation criteria    

R6 Failure to consider future operational costs     

R3 Failure to consider implication of economic conditions     

R1 Insufficient funding    

R7 Failure to recognise cost as resource expenditure    

R65 Incorrect estimated cost of maintenance    

R63 Incorrect cost estimate    

R66 Incorrect estimated cost of energy used    

R2 Funding is unavailable 

R4 Inadequate inflation forecasts 

R13 Failure to identify cost-to-worth relationships 

R14 Failure to link or identify performance-to-cost relationships 
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 Operational Risks 5.5

The operational risks are concerned with maintaining, operating and cleaning the green 

building facility once it is in use. Increases in energy usage increase emissions. Table 5-4 lists 

the operational risks that may found to have an impact on value creation in green building 

development. Operational performance of green buildings has a significant impact on their 

market value, both rental and capital. It is claimed that many in the construction industry 

view the performance of green products, systems and buildings as a risk (Zurich, 2011). 

Zurich (2011) points that “project owners/develops are starting to require additional contract 

provisions and warranties regarding the energy efficiency of green buildings, causing 

increased exposure to potential liability for breach of contract or warranty”. Thus, if the 

building does not perform as required this could lead to the risk of legal liabilities, which is 

related to tortuous liabilities, statutory liabilities and contractual liabilities. One also needs to 

bear in mind that people’s rapidly changing life-styles lead to obsolescence of services and 

products, and hence have a negative effect on a building’s value. Lutkendorft and Lorenz 

(2007) propose that the value and valuation of green buildings should be attributed to the 

quality of the indoor environment and its relationship with the efficiency in employees’ 

productivity. Lowering the energy cost so that potential occupants’ operating costs are lower 

will reduce vacancy risk and improve the rental value. The Green Building Council (2013) 

speculate that the following emerging physical risks from climate change will result in a 

decrease in occupant comfort and satisfaction: 

• Extreme weather events 

• Flooding 

• Subsidence 

• Increased temperatures 

• Changing rainfall patterns 

The Council also goes on to point that investors are protecting and increasing the value of 

their investments in green real estates by incorporating initiatives to improve the energy 

efficiency and sustainability of their portfolios. 
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Table 5-4 Operational Risk Factors 

Cluster  Code Risk Factors References 

Operational Risks 

R44 Failure to consider increase in routine maintenance    Lutkendorft and Lorenz 

(2007) 

Zurich (2011) 

Muldavin (2010) 

Boussabaine and 

Kirkham (2004) 

R45 Failure to consider increase in life cycle replacement       

R39 Failure to consider design impact on operating efficiency   

R42 Failure to consider component repair and replacement 

R46 Limited knowledge of maintenance issues 

 

 Environmental Risks 5.6

The whole endeavour of the green building ethos is to create facilities that must minimise 

waste and energy use during construction and operation stages. The Green Building Council 

(2013) stress that “what investors are concerned about is the risk inherent to the real estate 

portfolio, including risk from an environmental perspective”. Table 5-5 lists the 

environmental risks that may have an impact on value creation in green building 

development. 

The environmental risks relate to minimising impact on the environment and increasing 

environmental sustainability throughout the development and operation of green building 

facilities. The building should provide a comfortable and healthy environment for people to 

live and work in. The methods and materials used in construction should be selected based on 

risk impact on the environment (Boussabaine and Kirkham 2004). The frequency by which 

building materials are replaced will have an influence/increase in carbon emissions over the 

life cycle of the green assets. This stems from the fact that the replaced materials need to be 

disposed of, new materials have to be manufactured and transported, equipment must be 

utilised and energy must be expended to rebuild or renovate the asset. The waste from such 

activities increases the building’s environmental impact, particularly in relation to global 

warming (from the building machinery and the operation of the transport and construction 

vehicles), acidification (caused by emissions from burning of diesel by the building 

machinery and the operation of the transport and construction vehicles), eutrophication 

(caused by indirect emissions from the source of electricity supply, and the burning of diesel 

from the use of building machinery and transport), winter smog (from waste transportation 

and the production of natural gas), heavy metal (due to toxic effects of heavy metals from 

disposing and recycling materials) and energy (from electricity and oil usage and production) 



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 89 

 

impacts. These risks can be mitigated through the design and specification of robust 

structures and construction.  

According Zurich (2011) “the performance of new products and technologies that are being 

developed for green construction can also pose a risk”. This view is based on the fact that 

green materials are developed rapidly without robust testing of their performance and 

environmental credentials. This might lead to litigation over specifications or materials that 

are unfit for purpose or product failure. The legal liability risks are related to tortuous 

liabilities, statutory liabilities, and contractual liabilities. The legal liabilities will affect 

manufacturers, architects, engineers and ultimately the value of the client investment. Risk of 

obsolescence due to a green building’s non-conformance with sustainability issues and 

consumption of resources may undermine the value of the green real estate (Green Building 

Council, 2013). 

Table 5-5 Environmental Risk Factors 

Cluster  Code Risk Factors References 

Environmental 

Risks 

R38 Failure to consider obsolescence of equipment impact  
Boussabaine and 

Kirkham (2004) 

 

Green Building Council 

(2013) 

Muldavin (2010) 

Zurich (2011) 

Lützkendorfa and 

Lorenza (2007) 

 

R43 Failure to consider maintainability and reparability impact  

R47 Failure to consider implication of environmental risks      

 

 Management Risks 5.7

It is well recognised that effective management by an integrated project team is essential to 

create value in the development and operation of green and traditional facilities. Risk 

management is an important aspect of designing and operating green buildings. This view is 

pronounced by Gritzo et al. (2009) by pointing out that “risk management will gain increased 

importance as advances in sustainable designs that do not consider risk factors have the 

potential for unintended consequences with even greater emissions”. Furthermore, the 

following statement from the NAO (2004) articulates the importance of management in value 

creation: “there are opportunities to maximise value and minimise waste at every stage of the 

construction and procurement process, from the minute that the need for a building is 

identified to when it is ready for use”. Thus, if the process of development is not managed 
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well, risks may emerge from the lack of integration, coordination and communication 

between the project team. The project team should have the foresight to develop and 

communicate a clear brief, and make a realistic budget and cost estimation from the outset, 

and should be given enough time at the right time to plan and complete the project. If the 

project execution plan is poorly conceived, it may lead to risks related to poor definition of 

scope and output specification, poor communication and poor lines of decision-making.  

Other management risks include psychological risks, which are related to the choice of 

service or product selection and procurement. If the wrong product or service is chosen, 

capital value may be lost and it might have other negative effects on the whole life cycle 

chain. In addition, lack of coordination is considered one of the most prevailing endemic risks 

in a construction project’s development. Furthermore, stakeholder involvement and team 

work is essential for adding and creating value throughout the life cycle of green building 

development (Wi and Junge 2010). Table 5-6 lists the managerial risks that may be found to 

have an impact on value creation in green building development. Shen and Liu (2003) report 

on factors that might influence the success of using value analysis in construction projects. In 

particular they found that the following factors are of key importance:  

 Client’s support and active participation  

 Clear objective of VM study  

 Multidisciplinary composition of VM team  

 Qualified VM facilitator  

 Control of workshop  

 Preparation and understanding of related information  

 Plan for implementation  

 Function analysis  

 Timing of study  

 Interaction among participants  

 Professional experience and knowledge of participants in their own disciplines  

 Personalities of participants  

 Adequate time for VM study  

 VM knowledge and experience of participants  

 Cooperation from related departments 
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If the above factors are not present, this may be considered an indicator of risk or deficiency 

in the management of value analysis in green building development. 

Table 5-6 Management Risk Factors 

Cluster  Code Risk Factors References 

Management 

Risks 

R49 Poor project management       Wi and Junge (2010) 

 

Jha and Iyer (2006) 

 

NAO (2004) 

 

Gritzo et al. (2009) 

 

Muldavin (2010) 

 

Durmus-Pedini and  

 

Ashuri (2010)   

 

Shen and Liu (2003) 

Zou and Couani (2011) 

R50 Poor definition of the scope and objectives of projects      

R51 Project scope Unscheduled Items       

R57 Improper project planning and budgeting     

R53 Lack of coordination and decision-making     

R64 Incorrect time estimate    

R54 Poor team relationships     

R28 Poor design that may lead to higher operation costs    

R48 Lack of background information 

R52 Failure to consider construction techniques 

R55 Programming issues 

R56 Failure to consider procurement method 

R58 Failure to build to design 

R59 
Failure to identify complex items or processes with little or no 

value added to the facility 

R60 Failure to consider rate of deterioration of components 

R61 Lack of considering early failure of components and equipment 

R62 
Failure to consider delay and higher cost due to bad weather 

conditions during construction 

 

To build from the reviewed literature, there is an opportunity to enhance knowledge that 

facilitates risks that can be used during the process of value engineering analysis to optimise 

value creation in green building development. Thus, identified risks will be put forward for 

evaluation by industry professionals to test their impact on value creation in green buildings.  

 Summary  5.8

In this chapter, the author has presented an overview of one of the aspects of the research 

context by analysing various aspects of risk to value creation in the application of value 

engineering analysis to optimise value creation in the development of green buildings. The 

first section explained the need to understand and classify the risks that may have an impact 

on value creation. Several classifications are identified. This study has extended these 

classifications to cover all aspects of the whole green building cycle. The third section 

introduced the functional risk literature. This section presents an overview of the risks that 

may influence the function of the building and its components. The fourth section presented 

the financial risk literature and identifies that there is currently an emphasis on the risks 

emerging from green asset development and a lack of research to quantify these risks. The 

fifth section discussed the operational risk literature and highlighted that operational risks in 

particular have a direct relationship to the valuation of green assets. The sixth section 
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introduced the literature on environmental risks, pointing  out that investors are concerned 

about the environmental risk inherent to the real estate portfolio. The seventh section 

presented the literature on risk related to the management of the value engineering analysis 

process in the development of green asserts. It explained that there are several risks that may 

influence the success of using value engineering analysis in green building development.  

The compiled list of risks shown in Tables 5-(2-6) will be subjected to further assessment by 

practitioners in the value engineering analysis profession in order to determine which are the 

most important risks. 
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Chapter 6: Methodology 

 Introduction 6.1

This chapter presents the methodology that was used in order to achieve the objectives of this 

study. First, the chapter presents a review of the approaches and methods that can be used 

when conducting research. Then the chapter will provide the rationale for the research design. 

This will provide the background for a detailed description of the processes and methods used 

to deliver this research.    

  Research approach  6.2

There are several ways in which research can be approached. For instance, it can be 

approached by quantitative or qualitative techniques, basic or applied, inductive or deductive. 

Additionally, a combination of these can be used to deliver a research project’s objectives 

(Colin, 2007). The following section will describe the methods of data collection and then 

describe the research tradition. 

  Data collection methods  6.2.1

Saunders et al. (2009) and Walliman (2011) indicate that data for a research project can be 

collected from two sources. The first source is based on secondary data, which are already 

published in print and/or electronically. The second method for collecting data is primary 

data, which are new data collected by the researcher in order to obtain specific answers to the 

research questions.   

 Secondary data  6.2.1.1

Secondary data have some benefits such as requiring minimal expense, being a productive 

use of time, and offering a simple way of gathering information that can lead the researcher 

to develop a theoretical framework. In addition, secondary data are helpful in carrying out 

research gap analysis in order to develop the project’s aims, objectives and research 

questions. However, secondary data might have some drawbacks such as providing only an 

indirect focus on or imperfect match to the researcher’s specific needs, or it might be out of 

date (Saunders et al., 2009). In this study, the secondary data were used to extract risk and 

value creation variables, and to develop the proposed value creation framework.   
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 Primary data  6.2.1.2

Primary data are original data collected in order to reach a deeper insight into the research 

topic. They are normally collected based on the conclusions drawn from the secondary data 

in order to develop an initial insight into the research subject. The most popular tools for 

collecting primary data include interviews, questionnaires/surveys and observation. The 

advantages of primary research are that it lets the researcher modify the search design to 

achieve direct answers to the research questions. Furthermore, primary research can focus on 

a specific area of the research topic and adopt the proper data collection methods. In contrast, 

the weaknesses of primary data are that is time-consuming and might be expensive. 

Additionally, it is not always easy to gain responses from the chosen population sample 

(Collis & Hussey, 2009). In this study, a questionnaire was used to collect primary data to 

answer the research questions.  

Questionnaires can be effectively used to gather data from a large number of respondents by 

sending them questions using any method, such as by post, hand delivery and collection, 

email survey and/or web survey. The survey design must be clear and correspond to the main 

research goal. The questions in the survey must be designed to obtain the appropriate 

information and data. A questionnaire can include both open-ended and closed-ended 

questions; the open-ended questions can be used to generate qualitative data as the 

respondents can express themselves freely, whilst the closed-ended questions can be used to 

obtain data that can be coded and analysed using statistical methods, which are quantitative 

data (Maylor and Blackmon 2005). 

 Research methods 6.2.2

There are two categories of research design, qualitative and quantitative. The qualitative 

research design is concerned with observations and providing in-depth knowledge about a 

situation and/or reality. It concentrates more on words and observations, focusing on 

understanding social phenomena to express reality and describe people in natural situations. 

In contrast, the quantitative approach uses numbers to express opinions or concepts 

(Amaratunga et al., 2002). The qualitative data collection technique is comprised of 

interviews and/or focus groups, whilst quantitative research is more focused on numbers and 

statistical analysis to describe a research problem or studied phenomenon. The quantitative 

data collection technique includes use of questionnaires to gather data that can be analysed 

using statistical tools (Saunders et al, 2009). The quantitative methods are useful in analysing 

a large amount of data to answer the research question or test pre-determined hypotheses 
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(Amaratunga et al., 2002). In reality, most research projects are carried out using a 

combination of the two approaches. Thus, a mixed-methods approach lets the researcher 

build the base of the knowledge statement on pragmatic grounds, for example, result-

oriented, problem-centred, and pluralistic. According to Creswell (2003), this research 

method needs strategies of inquiry that allow data to be collected concurrently or in sequence 

to obtain better understanding of the research problems. In addition, he mentions that 

gathering the data using mixed methods should involve numerical data and text information 

in order to obtain a final database which expresses both qualitative and quantitative data. 

Amaratunga et al. (2002) argue that each methodology approach, i.e. qualitative and 

quantitative, has some weaknesses and strengths. Therefore, they suggest combining these 

two approaches in such a way as to focus on their relevant strengths. For example, the 

quantitative part of the study can be supported by qualitative data during the design by 

helping with instrumentation and/or conceptual developments (Amaratunga et al, 2002). 

Amaratunga et al. also point the advantages of using the mixed-methods approach, such as: it 

allows use of qualitative and quantitative methods to confirm or corroborate each other, 

provides better details and develops the analysis, and obtains clear meaning for the 

quantitative research by using qualitative data. Finally, it can be said that a mixed-methods 

research methodology might answer research questions that other approaches cannot.  

  The Rationale for the Research Design  6.3

There are several research strategies that can be used to answer research questions. Each 

research strategy has its own merits and logic. Yin (2003) indicates that the research strategy 

can be well defined by three conditions, which are: the type of the research question, the 

control of the researcher and the focus on present-day events, as shown in Table 6.1. 

Therefore, it can be said that the research strategy can be chosen based on the circumstances 

of each particular project. In addition, it can be seen from the table that the survey is the most 

compatible strategy for this research, in order to assess the impact of value drivers and risks 

on the value created by green building development. The researcher used a mixed-methods 

research methodology to answer the research questions. The following section describes the 

research processes which were followed to develop the questionnaire survey and achieve the 

research objectives.  
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Table 6-1 Research strategies in different relevant situations (Yin, 2003, p.5) 

 

  The Research Method Process  6.4

The research method process can be defined as a structured process for data collection and 

analysis. Gray (2014) defines the research design as a plan for the research which covers the 

data collection, measurement and analysis. The research design can be built based on the aim 

and objectives of the study area, the type of research questions, the method of data collection, 

the approaches for choosing samples, and the way and method needed to analyse the data. As 

a result, the methodology proposed for this research comprises six stages to complete the 

study area, as illustrated in Figure 6.1. The first stage is to introduce the research and identify 

the research problem, aim, and objectives. The second stage is to review the relevant 

literature, in order to define the meaning of value and integrate the value framework, and then 

identify the value drivers and risk factors that have an impact on the project value created by 

green building design. Then, it moves on to the third stage, which aims to develop, design 

and validate the survey questionnaire. This is followed by the data collection and analysis 

stage, which covers the descriptive statistics and data ranking, testing the hypotheses based 

on the respondents perceptions’ and then data reduction. The fifth stage uses the results of the 

factor analysis and data reduction to develop an assessment tool. Then the final stage is the 

discussion of the research results and drawing of a conclusion. The following subsections will 

explain each stage in detail. 

Strategy Form of research 

question 

Requires control over 

behavioural events? 

Focuses on 

contemporary events? 

Experiments How, why Yes Yes 

Survey Who, what, where, how 

many, how much 

No Yes 

Archival analysis Who, what, where, how 

many, how much 

No Yes/No 

History  How, why No No 

Case study How, why No Yes 
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Figure 6-1 Research design process 

 

 Initial Research  6.4.1

The initial research is the first stage in the methodology, which intends to introduce the field 

of the research area. It explains the research context, which leads to identify the research 

problem and present the research questions, and subsequently its aim and set of objectives. 

This initial phase can be described as the foundation for obtaining the necessary knowledge 

for assessing value created by green building design.  
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 Literature Review  6.4.2

The author worked to collect secondary data by using different sources of information such as 

books, journals, articles, electronic/internet information, etc. The research was conducted by 

using the University of Liverpool’s library and Internet sources to provide the best and most 

applicable material. This enabled the researcher to develop an initial analysis of the research 

topic in order to customise the search design and obtain answers to the research questions and 

to reach the project’s aims and objectives. In this stage, the researcher worked to critically 

analyse the existing literature and he divided this stage into four main chapters as follows 

 Value Definition and Overview of the Existing Value Framework 6.4.2.1

This is chapter two in the research, which provides an overview of the value definitions and 

value concepts, followed by a clarification of the definition of value management and a 

review of some of the existing value frameworks to enable the researcher to develop a robust 

framework for evaluating value creation and which will lead to improved value over an 

asset’s life cycle. 

 Value Creation Framework 6.4.2.2

This is chapter three in the research, which develops a conceptual framework for value 

creation. The framework consists of five value generators mapped into corporate objectives 

to maximise shareholder value. These generators are: Optimise financial investment, Achieve 

high asset function reliability, Optimise asset operation, Maintain a safe environmental 

impact and Create high-performing project management. The value framework helps 

decision-makers to identify key drivers of value creation and structure a performance 

measurement approach around them. In addition, it will assist in measuring the value creation 

of green building assets. After that, the chapter describes the framework implementation, 

which is generated through integrating some existing frameworks. Therefore, in order to 

operationalise the conceptual framework, the value engineering methodology is proposed 

based on multi-stage steps. 

 Value Drivers in Green Building Development  6.4.2.3

The purpose of this chapter is to extract and identify the controllable value drivers which are 

important for value creation in green building design. The value drivers are classified into 

five groups. These groups and the number of extracted drivers in each group consist of 20 

drivers representing financial performance, 34 drivers representing functional performance, 

16 drivers representing operational performance, 16 drivers representing environmental 
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performance and 12 drivers representing management performance. These value drivers are 

captured and described in great detail in Chapter 4 and were used to develop a questionnaire 

to assess their importance in the project value creation of green building development.  

 Risk Factors to the Project Value Created by Green Building Design 6.4.2.4

This part of the literature review represents the list of risks that may have a negative impact 

on value creation. The extracted risk factors were classified according to value driver groups. 

There are a total of 66 risk factors presented in Chapter 5, which are distributed into financial 

risks, functional risks, operational risks, environmental risks and management risks. This list 

is used in the development of the questionnaire with a view to assess how each risk will 

impact value creation in green building development.  

 Questionnaire Design and Development 6.4.3

A questionnaire can be defined in a simple way as a set of questions designed to obtain the 

data required to achieve the objectives of a research project; it is a beneficial instrument for 

collecting data as it is very fast and is the most effective technique for collecting statistical 

data and opinion (Parasumraman, 1991). The questionnaire survey process involves 

delivering the questionnaires to a number of potential respondents via post, electronic mail or 

hand delivery for completion and return to the researcher. Malhotra (2006) indicates that, 

within the scientific principles, there is no promise that an optimal and/or an ideal 

questionnaire will be obtained, going on to state that the researcher’s knowledge, creativeness 

and skilfulness might play a key role in the end design. In addition, using the available 

guidelines for the questionnaire development process supports researchers and assists them to 

avoid major mistakes.  

Using a questionnaire survey as an instrument for data collection has some advantages and 

disadvantages. These have been addressed by some researchers, such as Burns (2000); the 

following are among the advantages of using a questionnaire:  

 The respondents have a long time to fill in the survey without interference from 

anyone, unlike what may happen in the interview process.  

 It permits anonymity for the respondents to reflect genuine opinions.  

 It can be less intrusive compared with other means such as phone calls.  

 A large amount of information and data can be gathered within less time than through 

other methods.  
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 It can involve a large sample size at lower cost, and take less  time and effort. The 

questionnaire survey is a more familiar and practical technique for individuals. 

 It can be designed in a format to easily facilitate both data collection and analysis. 

 The researcher can easily analyse statistical data by using many computer software 

programs, such as SPSS.  

 

Despite the above advantages, there are some drawbacks of using a questionnaire such as: 

lack of personal contact between the researcher and respondents in order to clarify any 

ambiguities that might be faced. In addition, the questionnaire is likely to have a fairly low 

rate of response, which might lead to lack of confidence in the research. Moreover, there is 

no flexibility to follow-up on answers returned by respondents if the researcher needs to 

probe their answers due to useless and incorrect results. Therefore, the researcher should 

create a well-designed questionnaire with a good structure, clear wording and logical 

question sequence in order to provide more fluent content which is easier for the respondents 

to understand. 

 

This research applied the questionnaire survey method for collecting the required data 

because of the advantages that this beneficial instrument offers, as identified earlier. In 

addition, it is an appropriate way of presenting and receiving feedback on the long list of 

value drivers and risk factors. This list of drivers and factors was chosen based on the 

literature reviewed on value engineering and green building design, the researcher’s 

experience, and discussion with the academic supervisor. The literature review has been used 

as foundation for creating and developing the contents of the survey.  

 

The questionnaire form begins by giving an overview of the research and the idea behind it. 

Then the researcher has divided the questionnaire into two parts: part one is about the 

respondents’ general information whilst the second part asks the respondents to evaluate and 

rate the list of variables.   
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Part one of the questionnaire represents two kind of data. First of all, the respondents are 

asked to provide some general information (optional) such as: name, organisation name, 

email address, phone number and postal address. The second type of data required relate to 

job title and level of experience. The respondents were categorised into three groups based on 

their job title, i.e. manger, engineer or architect, in order to have an appropriate amount of 

groupings to use in some statistical tests. Their jobs were coded by ordinary numbers for 

discretion. The coding method used to convert data obtained into values is usually in a 

numeric form for data storage, reduction, comparison, management and analysis (Holosko 

and Thyer, 2011).  

 

Part two of the questionnaire consists of six stages which focused on rating the value drivers 

and risk factors that have an impact on the project value created by green building design. 

The researcher has adopted a Likert scale for rating the list of variables because it is easy to 

construct, modify and direct use for statistical inference of the numerical measurement, which 

can establish good reliability. In addition, researchers who use a Likert scale can collect and 

analyse a large quantity of data within a short time and with less effort (Li, 2013). The first 

five stages concern rating the importance of financial, functional, operational, environmental 

and management Performance Attributes to the project value created by green building 

designs. Respondents were requested to rate each value attribute based on its estimated level 

of importance. In Table 6-2, the five-degree Likert scale that was used in the questionnaire is 

shown.  

 

Table 6-2 The five-degree of Likert scale for the value drivers 

Extremely 

important 

5 

Very important 

 

4 

Moderately 

important 

3 

Slightly 

important 

2 

Not important 

 

1 

 

 

The level of importance could be characterised by respondents as ‘Not important, ‘Slightly 

important’, ‘Moderately important’, ‘Very important’ or ‘Extremely important’. A scoring 

system was then used to quantify the replies: 1 point for ‘Not important’, 2 for ‘Slightly 



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 103 

 

important’, 3 for ‘Moderately important’, 4 for ‘Very important’ and 5 ‘Extremely 

important’, as shown in the sample in Figure  6-2. In this way, the various proposed value 

attributes could be ranked in terms of their importance, based on the respondents’ 

evaluations, to the project value created by green building designs. 

 

How important are the following Financial Performance Attributes to the project value created by green 

building designs? 

N
u

m
b

er 

 Controllable value attributes 

Rate the importance of Financial Performance attributes for project 

value creation (Please tick one box) 

Extremely 

important 

Very 

important 

Moderately 

important 

Slightly 

important 

Not 

important 

1 
Efficiency of capital expenditure 

(CAPEX)      

2 
Efficiency of Operational 

expenditure (OPEX)      

3 
Maximise the cost efficiency to 

build      

4 Deliver/achieve cost certainty 
     

5 Improve economic efficiency 
     

.. ………… 
     

Figure 6-2 Sample of the second part of the design questionnaire for value drivers 

 

The final stage in part two of the questionnaire is to find out the rate the likelihood of Risk 

Factors impacting on the project value created by green building design. Table 6-3 shows the 

five-degree Likert scale that was used to rate the risk factors in the questionnaire. In addition, 

Figure  6-3: shows a sample of the risk questionnaire.  

Table 6-3 The five-degree Likert scale for the risk factors 

Very Likely  

5 

Likely  

4 

Neutral  

3 

Unlikely  

2 

Very Unlikely  

1 
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What is the likelihood of the following Risk Factors having an impact on the project value created by green 

building design? 

N
u

m
b

er 

 Risk factors 

Rate the likelihood impact of the risk factors on project value 

creation (Please tick one box) 

Very 

Likely 
Likely Neutral Unlikely 

Very 

Unlikely 

1 
Funding is unavailable  

     

2 

Failure to consider implication of 

economic conditions     
     

3 
Inadequate inflation forecasts    

     

4 

Inappropriate cost evaluation 

criteria    
     

.. ………… 
     

Figure 6-3 Sample of the second part of the design questionnaire for the risk factor 

 Questionnaire Validation 6.4.3.1

Validity can be used in a study in order to measure appropriateness, meaningfulness, and 

usefulness for a particular purpose (Jensen, 2003). Therefore, the researcher conducted a pilot 

study in order to verify the clarity and readability of the designed data collection format 

before sending the questionnaire to the chosen sample. Teijlingen and Hundley (2001) 

describe the pilot study as a process to pre-test particular research instruments such as a 

questionnaire on mini versions of a full-scale study. The pilot study can be used as a trial run 

for the questionnaire in order to test the question wording, the technique used for data 

collection, to mark any ambiguous question and to measure the effectiveness of the 

instrument (Naoum, 2007). Ghauri et al. (1995) mention that is an important technique to 

assess the level of the respondents’ understanding, their willingness to answer questions, and 

the level of difficulty of the questionnaire. In this research, an early draft of the questionnaire 

was provided to the researcher’s colleagues and supervisor to obtain their comments 

regarding contents, wording, sequences and layout. Their feedback and comments were 

considered in order to improve the clarity and substance of the questionnaire. Then the 

process of validation was continued through deliberation and review of the questionnaire 
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design before it was sent to potential respondents by conducting a final check through 

academics and professionals who were selected based on their experience in the field, 

research interests and publications. The researcher updated the questionnaire based on their 

recommendations and comments. This helped to confirm that the questions and the 

description of the listed value drivers and risk factors that might impact the project value 

creation of green building development were inclusive and appropriate. 

 Questionnaire Development 6.4.3.2

The questionnaire development design should follow four stages, as illustrated by 

Parasumraman (1991), which are: start by defining the survey objectives, then determine the 

population and the sample size; after that, decide on the appropriate data collection 

methodology, and then develop the questionnaire survey.  

The main objective of this survey is to group identified value drivers and risk factors into 

variables related to certain categories of project value creation. The value creation from green 

building development is based on five main categories of value drivers and risks. The second 

objective is to evaluate and rank the effectiveness of the selected value drivers and risks by 

conducting a hand-delivered questionnaire survey followed by some statistical analysis of the 

collected data by using SPSS and Microsoft Excel software. The ranked data will be 

processed and then main value drivers and risks will be extracted. These lists of variable will 

then be grouped into clusters and used to develop an assessment tool for the project value 

creation of green building development in order to help the shareholders and designers to 

enhance performance efficiency and obtain more value from investment in green building 

assets. 

The population and the sample size used in this study are based on professionals who are 

knowledgeable about the value engineering approach in the Saudi Arabian construction 

industry. The sample size is usually selected from a group of individuals to represent specific 

aspects of an identified population (NOAA, 2007). According to Al-Yousefi (2010; 2011), 

more than 1,356 people have obtained value engineering certificates in Saudi Arabia  

according to information from SAVE International. Of this number, approximately 30 of 

them obtained a Certified Value Specialist (CVS) certification. When compared with the total 

number of people certified worldwide (about 8,838), this number indicates that 16% are from 

Saudi Arabia. In addition, Al-Yousefi mentions that about 60 to 80 value engineering training 

workshops are conducted annually and more than 80 VE study programmes are offered per 
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year in Saudi Arabia and the Arab Gulf countries to foster the development of the value 

engineering technique. As a result of that, the researcher contacted a sample of professionals 

who are knowledgeable about the value engineering technique. The questionnaires were 

delivered to a sample size of 300 professionals in the Saudi Arabian construction industry. 

Using a confidence interval of 10% and confidence level of 95% from the population of 

1,356, the research needs at least 76 respondents.  

The researcher chose the written questionnaire survey methodology because of the 

advantages this beneficial instrument offers, as identified earlier. In addition, it is an 

appropriate way of presenting and receiving feedback from a high response rate in a short 

time for the long list of value drivers and risk factors in this study. 

Parasumraman (1991) proposes that the questionnaire components in the design process start 

with translating the data requirements into a rough questionnaire, then conducting a further 

check of the question form, question relevance and wording, question sequencing, layout and 

appearance, making sure that the necessary checks have been completed and the draft revised 

after each check, and then, before the final draft of the questionnaire is distributed, carrying 

out a pre-test and changing the questionnaire based on the suggested remarks. NOAA (2007) 

advise considering simple wording, minimising the number of questions, sequential 

questioning and appropriate question format. After considering the above, the researcher 

developed the questionnaire design as shown in the following figure, Figure 6-4: 

Questionnaire design process. 
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Figure 6-4 Questionnaire design process 

 

 Questionnaire Delivery 6.4.3.3

The study was conducted in the Saudi Arabian construction industry. Therefore, the 

researcher preferred to use the hand-delivery questionnaire method because it has a higher 

response rate and cheaper costs than a typical mail survey (Lovelock et al., 1976; NOAA, 

2007). In addition, the in-person delivery gives the respondents a good feeling about 

completing the survey and the opportunity for personal interaction with the researcher. For 

long questionnaires, individual delivery would allow the researcher to obtain more accurate 

controlled samples. When using this method, the researcher has to provide hard copies of the 

questionnaire and deliver them in person to the respondents’ organisations, offices or 

residences. 
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 Sample Size and the Response Rate 6.4.3.4

Sampling is known as a method of selecting units from all the research subjects to generalise 

the characteristics of the chosen sample (Robson, 2005). The sample size is usually a group 

of individuals selected to represent specific aspects of an identified population (NOAA, 

2007). The sampling approach includes probability sampling, where the probability of 

selecting a sample unit is not known to the researcher. Probability sampling techniques 

include simple random sampling in which a sample unit is selected randomly from a 

population. The stratified random sampling approach involves dividing the population into a 

number of groups also known as stratum, which is based on selecting a group with similar 

characteristics. Stratified random sampling is an effective sampling method that represents 

the mean of the people (Robson, 2005). 

The questionnaire survey was conducted among people who are knowledgeable about value 

engineering principles and concepts in the Saudi Arabian construction industry during the 

period from 19-12-2014 to 31-01-2015. The participants were categorised into three groups: 

mangers, engineers and architects from various construction organisations in Saudi Arabia. 

The participants were randomly selected from various cities in Saudi Arabia, in order to 

develop research data covering all the country’s major cities. 

The questionnaire was hand-delivered to 300 professionals, and 89 of them returned their 

fully completed questionnaire. Thus, there is a 29.7% response rate, which is an acceptable 

rate of response for the selected sample size, according to Akintoye (2000), who indicate that 

the normal response rate for a postal questionnaire survey in the construction industry is 

20%-30%. Although the questionnaire was perceived as being too long, it still achieved an 

acceptable response rate. 

 Data Collection and Analysis 6.4.4

A data analysis process was used to obtain answers to the research questions through the 

examination and interpretation of the collected data. Bryman (2008) describes data analysis 

as a stage that integrates several elements which might be taken further as statistical 

techniques applied to the collected data. Analysing the collected data is considered to be the 

final stage of the research process (Field, 2013). He mentioned that once the researcher has 

obtained quantitative data, this would give a good graphically looking to read the trends in 

the data and would be suitable for statistical models. Detailed analysis at this stage that took 

place in this research can be found in three chapters: descriptive statistics and data ranking, 
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testing the hypotheses, and factor analysis and data reduction. These are explained in detail in 

the following sections. 

 Descriptive Statistics and Data Ranking 6.4.4.1

There are two main software packages used in this part of analysis, SPSS and Microsoft 

Excel. Chapter 7 presents the degree of significance on value attributes and on risk factors in 

the context of value created by green building designs in construction projects. The 

comparison of the data ranking took place based on severity indices, average weighted mean 

and standard deviation of each value attribute and risk factor. Additionally, the chapter 

includes further analysis of the data ranking based on respondents’ answers and their 

experience (0-5 years, 6-10 years, and more than 10 years of experience) and their 

professional job (manager, engineer or architect). The findings are presented in Chapter 7.  

 Testing the Hypotheses 6.4.4.2

The means and standard deviations and the coefficient of variations’ values were quite close 

together for the three groups of respondents (mangers, engineers and architects). Therefore, 

SPSS software was used for further analysis. ANOVA test analysis was conducted in order to 

justify the statistical differences between the groups’ responses.  

The SPSS software was used with a significance level of 0.05 to examine the differences 

between the groups regarding the importance of the value attributes and the likelihood of the 

risk impacting on the project value creation of green building development: 

 H0 (p > 0.05): There is no significant difference among the respondents’ ratings for the 

importance of the value attributes. 

H1 (p < 0.05): There is significant difference among the respondents’ ratings for the 

importance of the value attributes (at least one of the groups is significantly different from 

other groups). 

And: 

H0 (p > 0.05): There is no significant difference among the respondents’ ratings for the 

likelihood of risk factors impacting on value created by green building design. 

H1 (p < 0.05): There is significant difference among the respondents’ ratings for the 

likelihood of risk factors impacting on value created by green building design  (at least one of 

the groups is significantly different from other groups). 
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After that, a follow-up test is required to make multiple comparisons if there is significant 

difference among the respondents. The follow-up test used in this research was the Post Hoc 

Multiple Comparison Test. The Tukey test is one of the post hoc tests used for this as the 

sample size is uneven. Further explanations and details are provided in chapter 8. 

 Factor Analysis and Data Reduction 6.4.4.3

The objective of using a factor analysis process is to reduce data and to eliminate redundant 

data which are not highly correlated variables from the survey. Factor analysis is often used 

to reduce data and identify a small number of components, which shows the observed 

variance in a much larger number of manifest variables (SPSS 22.0.0.1). As a large number 

of variables often makes the data more difficult to understand and to manage, thus factor 

analysis allows the researcher to reduce the number of attributes/factors without losing too 

much information from the original variables provided (Field, 2005; Punch, 2005). As a 

result, the most significant indicators are extracted and treated as representative of the whole 

set of value creation indicators and risk factors. Based on the variables’ relationship and 

correlations, the outcome of the data reduction is presented in a few components and then in 

clusters that consist of the most important value creation attributes and risk factors of the 

original large group. The result of this chapter shows that, by using factor analysis and data 

reduction techniques in SPSS, redundant value attributes and risk factors have been 

eliminated. Chapter 9 provides further discussion and analysis.  

 Assessment Tool for Value Created by Green Building Design 6.4.5

A central part of this research is to assess value and risk that impact on the project value 

creation of green building development and develop an assessment tool. Thus, this stage 

involves two tasks: developing an assessment tool and then testing the result in real projects. 

The following section will now be explained further. 

 Development of the Assessment Tool 6.4.5.1

The results of the factor analysis and data reduction are taken into account to develop a value 

creation assessment tool. The assessment tool consists of the most significant value indicators 

and risk factors that were identified and extracted during the previous chapter. The value 

creation indicators and risk factors have been identified and highlighted in each component, 

and then the components were grouped into clusters based on their relation to each other in 

Chapter 9. The value creation is assessed in two ways; the first is by assessing the project 

value by evaluating the 10 financial indictors distributed into two clusters (OPEX, CAPEX); 
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18 functional indictors distributed into two clusters (Longevity, Reliability); nine operational 

indictors distributed into two clusters (Manageability, Energy and efficiency); eight 

environmental indictors distributed into two clusters (Eco-resources, Adaptability); and six 

management indictors distributed into two clusters (Control, Planning). The second is by 

assessing the risks that might destroy a project’s value by evaluating: 13 financial risks, eight 

functional risks, three environmental risks and eight management risks. 

In order to develop the new assessment tool, the researcher compared it with the features and 

criteria of some well-known methods used to assess building design and buildings such as 

LEED, BREEAM and design quality indicators in order to obtain a satisfactory and 

sustainable building. In addition, the research up to that point was reviewed, along with the 

formula applied and the scoring system to evaluate the value of the design. As a result, the 

Assessment Tool for assessing Value Created by Green Building Design was developed, as 

described in Chapter 10. 

 

 Testing the Assessment Tool 6.4.5.2

The second task of the process involved testing the new assessment tool. This was carried out 

based on the work of three projects, two hotels and on office building. Each of these projects 

was scored by the designer and then calculations were carried out to obtain the final result; 

Chapter 10 shows the result of the tests. 

 

 Discussion and Conclusion 6.4.6

The research ends with two chapters: Chapter 11, which discusses the main research 

questions reported throughout this thesis with respect to the existing literature, theory and 

practices, discusses findings related to value creation drivers and risks that have an impact on 

value creation, findings from the value creation and risk assessment tool, and the proposed 

value creation conceptual framework; and Chapter 12, which draws conclusions for the 

research study as it will be reviewed with a view to compare expected results with the 

achievement accomplished, presents the contribution to knowledge, and highlights the 

limitations and the recommendations for future work.    
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  Summary  6.5

This chapter has reviewed quantitative, qualitative and mixed research methods, and has also 

presented a justification for the adopted research method. The research process that is used to 

achieve the aim and objectives of this study is also described in detail. The data analysis will 

be discussed in the subsequent chapters. 
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Chapter 7: Descriptive Statistics and Data Ranking 
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Chapter 7: Descriptive Statistics and Data Ranking 

 Introduction 7.1

The questionnaire survey was developed and distributed among potential respondents who 

are practitioners in different levels of construction project professions in Saudi Arabia, and 

who are involved in value management/engineering studies. The data obtained are organised 

and grouped in order to be analysed and discussed in the following section. The whole 

findings of the questionnaire will be presented in this chapter. The chapter explains the 

descriptive statistics of the findings and data ranking. The results and the perceptions of the 

practitioners will be analysed, discussed and explained in detail during the later chapters.  

Identification of the performance attributes (controllable value attributes) and the risk factors 

associated with value and evaluation of their level of influence play a pivotal role in the 

project value created by green building design. The list of value attributes was ranked in 

order based on their importance as well as the risk factors was ranked based on the likelihood 

of  Risk Factors impacting on the project value created.  As a result of the respondents’ 

ratings, to help users and researcher to focus on the order rather than follow-up the survey 

trend and the entire set of data. When facing a large set of data, it is helpful if researchers can 

rank it. Data ranking saves time and enables the data analysis to produce accurate findings. 

Data ranking plays an essential role in this study because of the large number of value 

attributes and risk factors. In addition, it might help in finding obvious trends for the research 

and selecting similar indicators or common themes. 

 Respondents  7.2

The respondents were asked two questions about their job description and experience in order 

to provide study and statistical data analysis, and the findings are shown in the following 

figures. 
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Figure 7-1 Job description 

 

Figure 7-2 Experience 

      

The findings show that 40 respondents (45%) are Managers, 34 respondents (38%) are 

Engineers and 15 respondents (17%) are Architects. Their years of work experience were: 14 

(16%) have 0 to 5 years’ experience, 25 (28%) have 6 to 10 years’ experience, and 50 have 

more than 10 years’ experience (56%). 

 Data Ranking 7.3

Priority ranking is carried out based on a questionnaire survey which was commissioned 

among experienced experts in the field of value engineering/management in Saudi Arabian 

construction projects. The questionnaire consists of 98 controllable value attributes 

distributed in five performance attributes and 66 risk factors which have an impact on value 

created by green building designs, as illustrated in the following figures a. This questionnaire 

was developed and designed based on literature reviews, brainstorming and author’s 

experience. Statistical techniques were used to analyse the questionnaire. The statistical 

features and analysis were employed to evaluate and rank the data: the average weighted 

mean, standard deviation, coefficient of variation and severity indices (Field, 2005; Morgan 

et al, 2004; Punch, 2005). The ranking task in this study was carried out by using the SPSS 
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and Microsoft Excel programs. The value attributes and risk factors were ranked within job 

description, the experts’ experience and overall.    

 

Figure 7-3 Value attributes of value created by green building designs 

 

As shown in the figure, value performance attributes consist of 98 controllable value 

attributes divided into five drivers: financial performance, functional performance, 

operational performance, environmental performance and management performance.  

 

Figure 7-4 Risk factors have an impact on value created by green building designs 

 

 Analysis and ranking 7.4

A mean weighted rating for each value attribute and risk factor was computed to indicate the 

importance of each indicator, using equation (7.1). Meanwhile, the range varies from 1 to 5, 

therefore, the moderate point for value attributes and natural point for risk factors is 3.  

Mean weighted rating = [∑ (R*F)] / n    equation (7.1) 

Risk Factors having an impact on the project value creation of green building design 
(66Risk factor) 

Performance Attributes (98 controllable value attributes) to the project value creation of 
green building designs 

Financial Performance Attributes  20 Attributes  

Functional Performance Attributes 34 Attributes  

Operational Performance Attributes 16 Attributes  

Environmental Performance Attributes 16 Attributes  

Management Performance Attributes 12 Attributes  
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Where: 

  R = Rating of each value attribute and risk factor (1, 2, 3, 4, 5) 

  F = Frequency of responses 

  n = Total number of responses (n = 89) 

A severity index (S.I.) measure is employed in order to rank the indicators according to their 

significance, which is the higher the percentage (%), the more significant the attribute/factor. 

Equation (7.2) shows how the S.I. is calculated: 

S.I. = {[∑(W*F) ] / n} * 100%    equation (7.2) 

Where: 

  W = Weight of each rating (1/5, 2/5, 3/5, 4/5, 5/5) 

  F = Frequency of responses 

  n = Total number of responses (n = 89) 

The coefficient of variation (COV) is an expression of standard deviation as a percentage (%) 

of the mean, which is for comparison of the relative variability of various responses. Better 

variability is shown by a lower variation coefficient. The COV is computed through equation 

(7.3): 

COV = (S / M) * 100%     equation (7.3) 

Where: 

  S = Standard Deviation 

  M = Weighted mean sample 

A list of value attributes and risk factors, derived from the literatures, brainstorming and 

authors experience was provided to the respondents who were asked to rate each value in 

terms of the importance of the controllable value attributes to the project value created by 

green building design using the Likert scale of 1-5 (1- Not important, 2- Slightly important, 

3- Moderately important, 4- Very important and 5- Extremely important). The respondents 

were also asked to rate the likelihood of the impact of each risk factor on the project value 
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created by green building design by using the Likert scale of 1-5 (1- Very Unlikely, 2- 

Unlikely, 3- Neutral, 4- Likely and 5- Very Likely). 

 

 Rating and ranking of the importance of the controllable 7.5

value attributes 

For the purpose of this chapter, the full Table 1 illustrating the statistical ranking results for 

all 98 indicators is shown in the (Appendix B). In Table 1, the overall ranking, and the 

ranking by each expert and their years of experience are presented for every value attribute.  

From Table 1, it can be seen that the average weighted mean for the value attributes varies 

from 3.25 to 4.46, with an overall mean of 3.96. The severity indices range within 64.94% to 

89.21%. As can also be seen from Table 7-1, the top 30 ranked value attributes are dominated 

by the indicators from the Functional performance and Management performance, where the 

highest-ranked attribute is VMA1- Provide effective project management and delivery with a 

mean of 4.46 and severity index of 89.21%. An overall examination of the first 30 ranked 

controllable value attributes in Table 7-1 indicates that all first 30 ranked attributes have a 

minimum mean value of 4.11 (which is higher than the average overall mean of 3.96) and 

severity indices of 82.25%. This means that the first 30 ranked value attributes seem to be 

important as viewed by the respondents. 

 

The overall ranking for controllable value attributes (VMA1- Provide effective project 

management and delivery) is 1
st
 out of 98 attributes. the Managers and the Architects also 

rated VMA1 as the highest-ranked attribute, whilst the Engineers ranked it 4
th

 out of 98.The 

experts who have between 6 and 10 years’ experience ranked it 2
nd

 out of 98, and those with 

between 0 and 5 and more than 10 years’ experience ranked it 3
rd

 out of 98. This attribute 

carries a severity index of 89.21%, a coefficient of variation of 15.14%, a standard deviation 

of 0.675 and an average weighted mean of 4.46. 
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Table 7-1 Top 30 ranked value attributes 

 Code Value attributes  Mean Ranking  

Financial 

Performance 

Attributes 

VFI1 Efficiency of capital expenditure (CAPEX) 4.17 14 

VFI2 Efficiency of Operational expenditure  (OPEX) 4.16 17 

VFI5 Improve economic efficiency  4.19 13 

VFI6 Increase economic lifetime  4.11 28 

Functional 

Performance 

Attributes 

VFU1 Maintain adaptable building - useful to all  4.20 11 

VFU2 Increase life of services  4.27 6 

VFU3 Provide function – fitness for purpose   4.28 5 

VFU13 Provide disability access   4.12 26 

VFU14 Assure convenience   4.16 18 

VFU18 Create reliable building – safer   4.13 23 

VFU20 Suitability and maintainability of materials    4.26 8 

VFU21 Meet all statutory requirements and building regulations   4.13 24 

VFU22 Ensure designed elements are standardized   4.30 4 

VFU23 Configure design to enable an efficient construction process   4.20 12 

VFU24 Ensure construction efficiency is considered in specification   4.12 27 

Operational 

Performance 

Attributes 

VOP1 Reduce/minimise/save energy usage   4.37 3 

VOP2 Maintain efficiency in terms of energy   4.44 2 

VOP4 Increase efficiency of heating, cooling and lighting   4.11 29 

Environmental 

Performance 

Attributes 

VEN3 Provide indoor environmental quality   4.15 20 

VEN4 Access to natural light, management of air quality and temperature  4.26 9 

VEN5 Increase use of natural ventilation   4.15 21 

VEN7 Specifying low-maintenance, durable, environmentally preferable materials and equipment 4.17 15 

VEN11 Conserve water resources    4.17 16 

Management 

Performance 

Attributes 

VMA1 Provide effective project management and delivery   4.46 1 

VMA3 Create strategic planning    4.15 22 

VMA5 Provide cost control to achieve the project objectives    4.16 19 

VMA6 Produce effective plans to achieve the project objectives    4.21 10 

VMA9 Able to design to scope/cost/budget/schedule/quality 4.11 30 

VMA10 Able to construct to scope/cost/budget/schedule/quality 4.13 25 

VMA11 Completed to specification   4.27 7 

 

 

 Financial Performance Attributes 7.5.1

Financial performance consists of 20 controllable value attributes. The ranking results in 

Table 7-1 illustrate that there are four attributes (VFI1, VFI2, VFI5, and VFI6) that rank 

among the first 30 ranked indicators. The attribute VFI1 (Efficiency of capital expenditure 

(CAPEX)) is considered to be the highest-ranked indicator for the financial performance 

attributes, with a mean of 4.17 and severity index of 83.37%. This value attribute has an 

overall ranking of 16
th

 out of 98; Managers ranked it 12th out of 98; Engineers ranked it 19
th

 

out of 98; Architects ranked it 80
th

 out of 98. Respondents with more than 10 years’ 

experience ranked it 10
th

 out of 98, those with between 6 and 10 years’ experience ranked it 

24
th

 and those with less than five years’ experience ranked it 54
th

 out of 98 attributes. 
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Table 7-2 Ranking the importance of the financial performance attributes 

Code  Mean Std. 

Deviation 

Severity 

index 

Coefficient 

of variation  

Ranking 

Manager  Engineer Architect 0 to 

5 

years 

6 to 

10 

years 

More 

than 10 

years 

Overall 

Ranking 

VFI1 4.17 0.742 83.37 17.80 12 19 80 54 24 10  16 

VFI2 4.16 0.737 83.15 17.73 9 56 36 11 19 30 19 

VFI3 3.96 0.916 79.10 23.16 54 38 79 66 66 43 48 

VFI4 3.93 0.939 78.65 23.88 45 47 85 34 93 37 56 

VFI5 4.19 0.838 83.82 19.99 19 7 35 10 43 14 13 

VFI6 4.11 0.897 82.25 21.82 22 29 51 33 45 22 29 

VFI7 3.72 1.158 74.38 31.13 53 96 84 90 88 75 87 

VFI8 3.75 1.080 75.06 28.77 39 92 90 83 74 81 83 

VFI9 3.85 1.093 77.08 28.36 43 88 68 75 82 58 68 

VFI10 3.71 1.120 74.16 30.21 81 91 74 63 47 94 88 

VFI11 3.83 1.025 76.63 26.75 72 75 73 80 56 80 71 

VFI12 3.92 1.014 78.43 25.85 47 65 67 16 64 69 59 

VFI13 3.45 1.261 68.99 36.57 98 95 59 92 97 93 96 

VFI14 3.78 1.009 75.51 26.71 59 90 72 62 87 74 81 

VFI15 3.81 0.964 76.18 25.30 63 86 78 53 77 79 75 

VFI16 3.25 1.237 64.94 38.08 97 97 98 93 98 96 98 

VFI17 3.70 1.060 73.93 28.66 84 80 92 78 94 77 89 

VFI18 3.64 1.170 72.81 32.14 58 81 97 96 91 84 92 

VFI19 3.42 1.176 68.31 34.42 80 98 96 91 96 98 97 

VFI20 3.76 1.056 75.28 28.04 57 69 94 39 95 68 82 

 

The attribute VFI5 (Improve economic efficiency) has the 2
nd

 highest rank for the financial 

performance attribute with a mean of 4.19 and a severity index of 83.82%, and it has an 

overall ranking of 13
th

 out of 98; Managers ranked it 19
th

 out of 98, Engineers ranked it 7
th

 

out of 98, and Architects ranked it 35
th

 out 98. The ranking based on years of experience are: 

0 to 5, 6 to 10 and more than 10 years ranked it 10
th

, 43
rd

 and 14
th

 out of 98 respectively. The 

attribute VFI2 (Efficiency of operational expenditure (OPEX)) has an overall ranking of 19
th

 

out of 98; Managers ranked it 9
th

 out of 98, Engineers ranked it 56
th

 out of 98, and Architects 

ranked it 36
th

 out 98. The rankings based on years of experience are: 0 to 5, 6 to 10 and more 

than 10 years ranked it 11
th

, 19
th

 and 30
th

 out of 98 respectively. VFI2 has a mean of 4.16 and 

severity index of 83.15%. In addition, the attribute VFI6 (Increase economic lifetime) has an 

overall ranking of 29
th

 out of 98; Managers ranked it 22
nd

 out of 98, Engineers ranked it 29
th

 

out of 98, and Architects ranked it 51
st
 out of 98. The ranking based on years of experience 
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are: 0 to 5, 6 to 10 and more than 10 years ranked it 33
rd

, 44
th

 and 22
nd

 out of 98 respectively. 

VFI6 has a mean of 4.11 and severity index of 82.25%. 

 Functional Performance Attributes 7.5.2

Functional performance was dominated by the highest indicators among the top 30 ranked 

value attributes which consists of 34 controllable value attributes and 11 attributes considered 

among the first 30 ranked indicators out of 98. The ranking results in Table 7-2 illustrate that 

there are 11 attributes (VFU1, VFU2, VFU3, VFU13, VFU14, VFU18, VFU20, VFU21, 

VFU22, VFU23, and VFU24) which rank among the top 30 ranked indicators. 

Table 7-3 Ranking the importance of the functional performance attributes 

Code  Mean Std. 

Deviation 

Severity 

index 

Coefficient 

of 

variation  

Ranking 

Manager  Engineer Architect 0 to 5 

years 

6 to 

10 

years 

More 

than 

10 

years 

Overall 

Ranking 

VFU1 4.20 0.786 84.04 18.70 8 33 48 23 22 13 11 

VFU2 4.27 0.765 85.39 17.92 5 28 15 7 9 11 6 

VFU3 4.28 0.839 85.62 19.60 4 12 47 22 26 4 5 

VFU4 3.84 0.903 76.85 23.51 51 84 77 28 52 87 70 

VFU5 3.85 0.960 77.08 24.91 61 83 58 61 51 76 66 

VFU6 3.78 0.926 75.51 24.54 66 82 86 38 55 91 79 

VFU7 3.80 0.894 75.96 23.54 77 72 83 27 67 89 77 

VFU8 4.00 0.917 80.00 22.93 18 74 57 37 54 41 42 

VFU9 3.96 0.988 79.10 24.97 42 68 46 9 86 53 49 

VFU10 3.82 1.018 76.40 26.64 90 61 50 70 81 66 72 

VFU11 3.70 0.993 73.93 26.87 89 89 66 72 84 90 90 

VFU12 3.93 0.951 78.65 24.18 65 52 52 79 36 59 55 

VFU13 4.12 0.850 82.47 20.62 21 39 12 26 8 38 27 

VFU14 4.16 0.865 83.15 20.80 11 44 41 12 30 26 18 

VFU15 4.04 0.964 80.90 23.84 28 51 34 15 65 36 34 

VFU16 4.03 0.982 80.67 24.35 60 27 20 32 35 45 35 

VFU17 3.75 1.003 75.06 26.73 83 79 82 77 21 95 84 

VFU18 4.13 0.907 82.70 21.93 16 37 33 21 29 25 25 

VFU19 4.04 1.043 80.90 25.80 26 46 27 6 68 40 33 

VFU20 4.26 0.805 85.17 18.91 7 9 40 2 11 19 9 

VFU21 4.13 0.944 82.70 22.82 14 41 32 52 25 18 23 

VFU22 4.30 0.858 86.07 19.94 6 13 6 1 1 20 4 

VFU23 4.20 0.842 84.04 20.03 27 3 23 51 7 12 12 

VFU24 4.12 0.890 82.47 21.57 38 16 19 50 4 29 26 

VFU25 3.93 0.939 78.65 23.88 46 50 76 69 63 49 57 

VFU26 4.01 1.050 80.22 26.17 41 64 9 71 44 35 40 
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VFU27 4.00 0.953 80.00 23.84 40 58 22 60 28 48 41 

VFU28 4.02 0.988 80.45 24.57 36 63 14 76 41 31 37 

VFU29 3.69 1.114 73.71 30.23 79 93 71 97 75 85 91 

VFU30 3.74 1.072 74.83 28.64 87 87 56 87 80 78 86 

VFU31 3.88 0.987 77.53 25.45 50 71 75 86 53 55 65 

VFU32 3.63 1.142 72.58 31.47 96 73 89 98 83 88 93 

VFU33 3.90 0.966 77.98 24.77 56 70 54 85 42 57 63 

VFU34 3.89 0.982 77.75 25.26 55 67 63 81 50 60 64 

 

The means of these 11 attributes range from 4.12 to 4.3, whilst their severity indices vary 

from 82.47% to 86.07%. The attribute VFU22 (Ensure designed elements are standardised) is 

considered to be the highest-ranked indicator for the functional performance attributes, with a 

mean of 4.30 and severity index of 86.07%. This value attribute has an overall ranking of 4
th

 

out of 98; Managers and Architects ranked it 6
th

 out of 98; Engineers ranked it 13
th

 out of 98. 

Respondents with more than 10 years’ experience ranked it 20
th

 out of 98, whilst those with 

between 6 and 10 years and less than 6 years’ experience ranked it 1
st
 out of 98 attributes. In 

addition, VFU3 (Provide function – fitness for purpose) and VFU2 (Increase life of services) 

have an overall ranking of 5
th

 and 6
th

 out of 98 respectively. Attribute VFU3 has a mean of 

4.28 and severity index of 85.62%, whereas value attribute VFU2 has a mean of 4.27 and 

severity index of 85.39%. Both of these two value attributes were ranked in the top 30 out of 

98 by Manager and Engineers, and among respondents from all levels of experience they 

have low coefficient of variation  19.6%  forVFU3 and 17.92%  for VFU2. The following are 

the results for the functional performance attributes: VFU20 (Suitability and maintainability 

of materials) with a mean of 4.26 and an overall ranking of 9
th

 out of 98; VFU1 (Maintain 

adaptable building – useful to all) with a mean of 4.20 and an overall ranking of 11
th

 out of 

98; VFU23 (Configure design to enable an efficient construction process), VFU14 (Assure 

convenience), VFU21 (Meet all statutory requirements and building regulations), VFU18 

(Create reliable building – safer), VFU24 (Ensure construction efficiency is considered in 

specification) and VFU13 (Provide disability access) have an overall ranking of 12
th

, 18
th

, 

23
rd

, 25
th

, 26
th

, and 27
th

 (out of 98) respectively. 

 Operational Performance Attributes 7.5.3

Three attributes from the 16 in this category were ranked in the 30 highest-ranked indicators, 

as shown in Table 7-3. They are VOP1, VOP2 and VOP4. The attribute VOP2 (Maintain 

efficiency in terms of energy) has an overall rank of 2
nd

 out of 98, and has a mean of 4.44 and 
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severity index of 88.76%. In addition, with a low coefficient of variation of 14.79%, this 

attribute was ranked in the top eight (out of 98) by all six categories of respondents. 

The indicator VOP1 (Reduce/minimise/save energy usage) has an overall rank of 3
rd

 out of 

98; Managers ranked it 3
rd

 out of 98, Engineers ranked it 11
th

 out of 98, and Architects ranked 

it 4
th

 out of 98. The rankings based on years of experience are: 0 to 5, 6 to 10 and more than 

10 years ranked it 14
th

, 18
th

 and 2
nd

 out of 98 respectively. It has an overall mean of 4.37 and 

severity index of 87.42%. The value attribute VOP4 (Increase efficiency of heating, cooling 

and lighting) is ranked 23
rd

 out of 98 by Managers; 25
th

 out of 98 by Engineers, and 39
th

 out 

of 98 by Architects. Respondents with between 0 and 5 years’ experience ranked it 64
th

 out of 

98; those with 6 to 10 years’ experience ranked it 58
th

 and it was ranked 6
th

 out of 98 by 

respondents with more than 10 years’ experience. 

Table 7-4 Ranking the importance of the operational performance attributes 

Code  Mean Std. 

Deviation 

Severity 

index 

Coefficient 

of 

variation  

Ranking 

Manager  Engineer Architect 0 to 5 

years 

6 to 

10 

years 

More 

than 10 

years 

Overall 

Ranking 

VOP1 4.37 0.774 87.42 17.72 3 11 4 14 18 2 3 

VOP2 4.44 0.656 88.76 14.79 2 5 8 5 3 1 2 

VOP3 4.07 0.780 81.35 19.19 25 32 53 65 33 28 32 

VOP4 4.11 0.935 82.25 22.73 23 25 39 64 58 6 30 

VOP5 3.84 1.086 76.85 28.26 94 36 55 43 73 72 69 

VOP6 3.99 1.006 79.78 25.21 78 26 11 31 76 34 44 

VOP7 3.78 1.063 75.51 28.17 85 78 62 20 90 86 80 

VOP8 4.02 0.988 80.45 24.57 70 18 31 19 62 39 36 

VOP9 3.97 1.027 79.33 25.90 74 49 5 13 79 47 47 

VOP10 3.94 0.981 78.88 24.88 75 43 26 30 72 50 52 

VOP11 3.99 0.911 79.78 22.83 35 76 18 59 23 56 45 

VOP12 3.90 0.867 77.98 22.23 52 77 49 58 48 67 62 

VOP13 3.51 1.159 70.11 33.07 95 94 93 95 92 97 95 

VOP14 3.81 0.952 76.18 24.99 86 53 69 84 34 83 76 

VOP15 4.02 0.904 80.45 22.48 34 48 38 18 38 54 39 

VOP16 3.82 0.948 76.40 24.82 64 60 91 82 32 82 74 

 

 Environmental Performance Attributes 7.5.4

Five value attributes from the 16 attributes in this category were ranked in the 30 highest-

ranked indicators. They are VEN3, VEN4, VEN5, VEN7 and VEN11, as illustrated in Table 

7-4. The attribute VEN4 (Access to natural light, management of air quality and temperature) 
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has an overall rank of 8
th

 out of 98, a mean of 4.26 and severity index of 85.17%. In fact, with 

a low coefficient of variation of 22.26%, this attribute was ranked in the top 24 (of 98) by all 

six categories of respondents. 

The indicators VEN7 (Specifying low-maintenance, durable, environmentally preferable 

materials and equipment) and VEN11 (Conserve water resources) have an overall rank of 14
th

 

and 15
th

 out of 98 respectively; Mangers ranked VEN7 24
th

 and VEN11 17
th

 out of 98; 

Engineers ranked VEN7 and VEN11 12
th

 and 15
th

 respectively; and they were ranked 44
th

 

and 43th by the Architects. Respondents with 0 to 5 years of experience ranked VEN7 24
th

 

and VEN11 36
th

 out of 98; those with 6 to 10 years of experience ranked VEN7 12
th

 and 

VEN11 6
th

 out of 98; whilst those with more than 10 years’ experience ranked VEN7 and 

VEN11 23
rd

 and 24
th

 respectively. VEN7 and VEN11 both have weighted means of 4.17 and 

severity indices of 83.37%. 

Table 7-5 Ranking the importance of the environmental performance attributes 

Code  Mean Std. 

Deviation 

Severity 

index 

Coefficient 

of 

variation  

Ranking 

Manager  Engineer Architect 0 to 5 

years 

6 to 10 

years 

More 

than 

10years 

Overall 

Ranking 

VEN1 3.92 1.036 78.43 26.42 49 31 88 57 46 63 58 

VEN2 3.82 0.972 76.40 25.44 69 57 87 67 70 71 73 

VEN3 4.15 0.847 82.92 20.42 24 8 45 25 40 15 22 

VEN4 4.26 0.948 85.17 22.26 10 24 3 8 15 8 8 

VEN5 4.15 0.948 82.92 22.87 33 20 2 29 17 27 20 

VEN6 3.91 0.937 78.20 23.97 76 34 70 56 49 62 61 

VEN7 4.17 0.843 83.37 20.21 15 22 44 24 12 23 14 

VEN8 3.96 0.999 79.10 25.26 73 23 61 68 14 65 50 

VEN9 3.92 1.047 78.43 26.70 82 21 65 89 13 61 60 

VEN10 4.00 0.879 80.00 21.98 62 17 60 74 20 46 43 

VEN11 4.17 0.956 83.37 22.94 17 15 43 36 6 24 15 

VEN12 3.94 0.958 78.88 24.28 68 55 17 49 61 51 54 

VEN13 3.80 0.956 75.96 25.16 93 66 37 35 89 73 78 

VEN14 3.85 0.936 77.08 24.29 88 59 21 48 78 64 67 

VEN15 3.75 0.969 75.06 25.81 91 62 81 88 85 70 85 

VEN16 3.60 1.165 71.91 32.40 92 85 95 94 69 92 94 

 

The indicator VEN5 (Increase use of natural ventilation) has an overall mean of 4.15 and 

overall ranking of 20
th

 out of 98, and was ranked by Architects as 2
nd

 out of 98 attributes. It 
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has a severity index of 82.92%. VEN3 (Provide indoor environmental quality) was ranked 

overall as 22
nd

 out of 98 and has a mean 4.15 and a severity index of 82.92%.  

 Management Performance Attributes 7.5.5

Seven of the 12 attributes in this category were ranked in the 30 highest-ranked controllable 

value attributes. They are VMA1, VMA3, VMA5, VMA6, VMA9, VMA10 and VMA11. 

The average weighted mean scores and the severity indices for all of these indicators are very 

high in comparison with other categories of performance attributes. This means that more 

than 50% of the indicators in the management performance category were ranked in the 30 

highest indicators. These attributes’ means range from 3.94 to 4.46, whilst the severity 

indices are in the range of 78.88% to 89.21%, as shown in Table 7-5. Attribute VMA1 

(Provide effective project management and delivery) seems to be the most important value 

performance attribute, with an overall rank of 1
st
 out of 98 indicators, and a severity index of 

89.21% with a low coefficient of variation of 15.14%. The six groups of respondents also 

ranked this attribute as one of their top five highest-ranked value performance attributes. 

Table 7-6 Ranking the importance of the management performance attributes 

Code  Mean Std. 

Deviation 

Severity 

index 

Coefficient 

of 

variation  

Ranking 

Manager  Engineer Architect 0 to 5 

years 

6 to 10 

years 

More 

than 10 

years 

Overall 

Ranking 

VMA1 4.46 0.675 89.21 15.14 1 4 1 3 2 3 1 

VMA2 4.09 0.874 81.80 21.38 32 30 16 17 31 33 31 

VMA3 4.15 0.911 82.92 21.98 20 35 7 47 16 21 21 

VMA4 4.02 0.941 80.45 23.40 29 54 30 42 37 44 38 

VMA5 4.16 0.824 83.15 19.83 44 6 10 46 39 7 17 

VMA6 4.21 0.859 84.27 20.39 37 1 13 55 10 5 10 

VMA7 3.98 0.904 79.55 22.73 67 40 25 73 57 32 46 

VMA8 3.96 0.916 79.10 23.16 71 42 24 45 71 42 51 

VMA9 4.11 0.885 82.25 21.51 30 14 42 41 60 9 28 

VMA10 4.13 0.882 82.70 21.32 31 10 29 40 27 17 24 

VMA11 4.27 0.822 85.39 19.26 13 2 28 4 5 16 7 

VMA12 3.94 0.934 78.88 23.68 48 45 64 44 59 52 53 

 

The attribute VMA11 (Completed to specification) has an overall ranking of 7
th

 out of 98 

with a mean of 4.27, and severity index of 85.39% and a low coefficient of variation of 

19.26%. The six groups of respondents ranked this attribute as their top 30 out of 98 highest-

ranked value performance attribute. VMA6 (Produce effective plans to achieve the project 
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objectives) was ranked 10
th

 out of 98 with a mean of 4.21 and severity index of 84.27%. The 

Engineers ranked this attribute 1
st
 out of 98; thus, it was the most important performance 

attribute for them. Managers ranked it as 37
th

 out of 98, Architects ranked it 13
th

 out of 98, 

and the respondents with more than 10 years’ experience ranked it 5
th

 out of 98. Moreover, 

the following attributes were ranked in the top 30: VMA5 (Provide cost control to achieve the 

project objectives) with a mean of 4.16, VMA3 (Create strategic planning) with a mean of 

4.15, VMA10 (Able to construct to scope/cost/budget/schedule/quality) with a mean of 4.13 

and VMA9 (Able to design to scope/cost/budget/schedule/quality) with a mean of 4.11. 

 

 Rating and ranking of the likely impact of the risk factors 7.6

For the purpose of this chapter, the full Table 2 illustrates the statistical ranking results for all 

66 indicators (see appendix B). In Table 7-6, the overall ranking, and the ranking by each 

expert and their years of experience are presented for every risk factor.  

From Table 7-6, it can be seen that the average weighted mean for the risk factors varies from 

3.33 to 4.24, with an overall mean of 3.78. The severity indices range within 66.52% to 

84.72%. As can also be seen from Table 7.6, the highest-ranked factor is R35 (Failure to 

identify low-value, long-lead-time items) with a mean of 4.24 and severity index of 84.72%. 

An overall examination of the first 30 ranked risk factors in Table 7.1 indicates that all of 

them have a minimum mean value of 3.81 (which is higher than the average overall mean of 

3.78) and severity indices of 76.18%. This means that the first 30 ranked risk factors seem to 

be important as viewed by the respondents. They are namely: R1, R3, R5, R6, R7, R8, R9, 

R12, R17, R20, R21, R22, R28, R33, R35, R36, R39, R44, R45, R49, R50, R51, R53, R54, 

R57, R63, R64, R65 and R66. 

The overall ranking for risk factor R35 is 1
st
 out of 66 factors; the Managers also rated it as 

the highest ranked factor. The Engineers ranked it 5
th

 out of 66 and the Architects ranked it 

2
nd

, whilst the experts with between 0 and 5 and between 6 and 10 years’ experience ranked it 

1
st
 out of 66, and those with more than 10 years’ experience gave it a rank of 3

rd
 out of 66. 

This factor carries a severity index of 84.72%, a low coefficient of variation of 17.44%, a 

standard deviation of 0.739 and an average weighted mean of 4.24. 
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Table 7-7 Rating the likely impact of the risk factors 

Code Mean Std. 

Deviation 

Severity 

index 

Coefficient 

of 

variation  

Ranking 

Manager  Engineer Architect 0 to 5 

years 

6 to 10 

years 

More 

than 10 

years 

Overall 

Ranking 

R1 4.09 0.861 81.80 21.06 6 7 8 18 4 6 4 

R2 3.63 1.274 72.58 35.10 59 35 44 24 36 62 56 

R3 3.81 0.940 76.18 24.68 35 28 31 3 51 33 29 

R4 3.76 0.966 75.28 25.65 54 17 26 33 41 32 35 

R5 3.94 0.871 78.88 22.08 22 6 25 45 34 5 13 

R6 3.96 1.065 79.10 26.93 17 18 3 21 18 16 12 

R7 3.85 0.995 77.08 25.81 39 25 4 44 35 15 19 

R8 3.85 0.886 77.08 22.99 34 16 24 29 50 12 20 

R9 3.83 1.069 76.63 27.89 20 34 42 43 46 14 24 

R10 3.78 1.020 75.51 27.01 28 49 23 42 54 20 33 

R11 3.81 0.952 76.18 24.99 26 53 13 20 59 18 30 

R12 3.82 0.860 76.40 22.52 23 43 18 22 45 21 27 

R13 3.72 0.965 74.38 25.95 30 60 35 41 63 23 41 

R14 3.63 0.981 72.58 27.04 45 63 41 59 62 35 55 

R15 3.54 1.139 70.79 32.17 56 66 34 51 65 52 61 

R16 3.70 1.172 73.93 31.70 38 48 48 40 40 45 43 

R17 3.88 0.939 77.53 24.23 33 11 17 2 26 30 17 

R18 3.69 0.984 73.71 26.70 18 59 61 50 25 56 48 

R19 3.79 0.959 75.73 25.33 21 15 62 39 43 24 32 

R20 3.83 0.991 76.63 25.87 19 14 57 25 31 27 23 

R21 4.04 0.928 80.90 22.95 4 8 40 23 3 11 7 

R22 4.04 0.952 80.90 23.55 3 13 39 12 10 9 6 

R23 3.69 0.937 73.71 25.41 37 40 60 38 37 47 46 

R24 3.76 0.966 75.28 25.65 32 30 50 55 8 51 34 

R25 3.53 1.098 70.56 31.13 53 52 65 65 52 60 62 

R26 3.43 1.096 68.54 31.99 65 57 63 66 29 65 65 

R27 3.56 1.022 71.24 28.69 62 38 59 57 22 63 59 

R28 4.10 0.942 82.02 22.97 7 4 12 17 7 4 3 

R29 3.64 0.944 72.81 25.94 58 27 53 32 39 58 54 

R30 3.33 1.106 66.52 33.24 66 65 54 62 48 66 66 

R31 3.69 0.984 73.71 26.70 52 46 16 31 21 59 47 

R32 3.58 1.009 71.69 28.16 49 62 52 61 61 40 58 

R33 3.82 0.960 76.40 25.13 12 47 43 11 38 28 25 

R34 3.74 1.028 74.83 27.48 40 23 51 37 44 34 38 

R35 4.24 0.739 84.72 17.44 1 5 2 1 1 3 1 

R36 4.03 0.885 80.67 21.94 2 19 38 5 6 13 8 

R37 3.80 0.894 75.96 23.54 16 33 56 36 30 29 31 

R38 3.65 1.078 73.03 29.51 29 32 66 58 47 44 53 

R39 3.92 0.944 78.43 24.08 14 12 33 6 20 22 15 

R40 3.54 1.159 70.79 32.73 61 37 64 56 53 61 60 

R41 3.60 1.063 71.91 29.56 57 51 47 16 64 53 57 
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R42 3.44 0.953 68.76 27.72 64 61 58 60 58 64 64 

R43 3.51 0.978 70.11 27.91 63 56 55 47 66 57 63 

R44 3.87 0.855 77.30 22.13 25 36 11 8 9 41 18 

R45 3.82 0.886 76.40 23.20 13 42 49 10 32 31 28 

R46 3.70 1.005 73.93 27.18 55 29 36 4 56 46 44 

R47 3.76 0.930 75.28 24.70 50 22 15 35 28 39 36 

R48 3.73 1.042 74.61 27.93 36 58 14 19 24 54 39 

R49 4.00 0.953 80.00 23.84 10 10 10 28 11 8 10 

R50 3.83 0.980 76.63 25.57 15 50 22 15 14 42 22 

R51 3.89 0.845 77.75 21.74 11 41 21 30 15 25 16 

R52 3.72 1.087 74.38 29.23 44 45 32 53 19 50 42 

R53 3.96 0.838 79.10 21.19 8 21 20 14 13 17 11 

R54 3.84 1.010 76.85 26.29 27 24 30 48 55 7 21 

R55 3.65 1.035 73.03 28.33 41 64 37 13 60 48 52 

R56 3.75 0.945 75.06 25.18 47 26 29 46 16 49 37 

R57 3.92 1.068 78.43 27.25 31 9 7 26 17 19 14 

R58 3.72 0.953 74.38 25.63 43 54 19 52 23 43 40 

R59 3.66 0.965 73.26 26.34 42 55 46 49 33 55 51 

R60 3.66 0.916 73.26 25.02 60 31 28 64 42 37 50 

R61 3.66 0.988 73.26 26.97 48 44 45 63 57 26 49 

R62 3.69 1.083 73.71 29.38 51 39 27 54 49 36 45 

R63 4.08 0.815 81.57 19.98 9 2 9 34 12 2 5 

R64 4.18 0.899 83.60 21.51 5 1 1 9 2 1 2 

R65 4.01 0.872 80.22 21.75 24 3 6 27 5 10 9 

R66 3.82 1.061 76.40 27.78 46 20 5 7 27 38 26 

 

Factor R64 (Incorrect time estimate) has the 2
nd

 highest rank for the risk factors with a mean 

of 4.18 and a severity index of 83.60% and it is ranked as 1
st
 out of 66 by the Engineers and 

Architects, and also by the experts with more than 10 years’ experience. The Mangers ranked 

it 5
th

 out of 66, and the other rankings based on years of experience are: 0 to 5 and 6 to 10 

years ranked it 9
th

 and 2
nd

 out of 66 respectively. The third overall ranking was for R28 (Poor 

design that may lead to higher operation costs), and the six groups of respondents also ranked 

it as one of their top 20 highest-ranked risk factors. R28 has a mean of 4.10, severity index of 

82.02% and low coefficient of variation of 22.97%. In addition, factor R1 (Insufficient 

funding) has an overall ranking of 4
th

 out of 66; Managers ranked it 6
nd

 out of 66, Engineers 

ranked it 7
th

 out of 66, and Architects ranked it 8
th

 out of 66, and the rankings based on years 

of experience are: 0 to 5, 6 to 10 and more than 10 years ranked it 18
th

, 4
th

 and 6
th

 out of 66 

respectively. R1 has a mean of 4.09 and severity index of 81.57%. 

The risk factor R63 (Incorrect cost estimate) has an overall ranking of 5
th

 out of 66, with a 

mean of 4.08 and severity index of 81.57%. The Engineers and the respondents who have 
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more than 10 years’ experience rated it as the 2
nd

 most important indicator, whilst the 

Mangers and Architects ranked it 9
th

 out of 66. The Mangers ranked R22 (Redesign/rework) 

as 3
rd

 out of 66; this factor has an overall ranking of 6
th

 out of 66. Engineers ranked it 13
th

 out 

of 66, whilst Architects ranked it 39
th

 out of 66, and the rankings based on years of 

experience are: 0 to 5, 6 to 10 and more than 10 years ranked it 12
th

, 10
th

 and 9
th

 out of 66 

respectively. It has a coefficient of variation of 23.55% and severity index of 80.90%. 

Likewise, R21 (Design changes) has an overall ranking of 7
th

 out of 66. The Engineers 

ranked it 8
th

 out of 66, the Managers ranked it 8
th

 out of 66, and the Architects ranked it 40
th

 

out of 66, whilst the respondents with more than 10 years’ experience ranked it 11
th

 out of 66. 

R21 has a mean of 4.04, severity index of 80.90% and low coefficient of variation of 22.95%.  

Factor R36 (Failure to consider design risks) has the 2
nd

 highest rank based on the Mangers’ 

rating with a mean of 4.03 and severity index of 80.67%, and it has an overall ranking of 8
th

 

out of 66. Engineers ranked it 19
th

 out of 66 and Architects ranked it 38
th

 out 66, whilst the 

rankings based on years of experience are: 0 to 5, 6 to 10 and more than 10 years ranked it 

5
th

, 6
th

 and 13
th

 out of 66 factors respectively. Factor R65 (Incorrect estimated cost of 

maintenance) has an overall ranking of 9
th

 out 66 and six groups of respondents also ranked it 

as one of their top 30 highest-ranked risk factors. It has a mean of 4.01 and severity index of 

80.22%. Moreover, risk factor R49 (Poor project management) has an overall Managers, 

Engineers and Architects’ ranking of 10
th

 out of 66, and it is also ranked by the six groups of 

respondents in their top 30 highest-ranked risk factors with an overall mean of 4.00 and 

severity index of 80.00% and a low coefficient of variation of 23.84%. In addition, factors 

R53 (Lack of coordination and decision making) and R6 (Failure to consider future 

operational costs) is rated in the top 30 for all six groups of respondents, and they have an 

overall ranking of 11
th

 and 12
th

 out of 66 respectively.   

The following factors: R5 (Inappropriate cost evaluation criteria), R57 (Improper project 

planning and budgeting), R39 (Failure to consider design impact on operating efficiency), 

R51 (Project scope Unscheduled Items), R17 (Failure to examine specifications due to 

unnecessary expense), R44 (Failure to consider increase in routine maintenance), R7 (Failure 

to recognise cost as resource expenditure) and R8 (Failure to consider the cost of losing 

potential revenue) have an overall ranking of 13
th

, 14
th

, 15
th

, 16
th

, 17
th

, 18
th

, 19
th

 and 20
th

 out 

of 66 respectively. 
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The last 10 indicators in the overall ranking top 30 have average weighted means for the risk 

factors that vary from 3.81 to 3.84 and severity indices that range between 76.18% and 

76.85%. They have the following overall ranking: R54 (Poor Team Relationships) is ranked 

21
st
 out of 66, R50 (Poor definition of the scope and objectives of projects) is ranked 22

nd
, 

R20 (Failure to consider construction implications during design) is ranked 23
rd

, R9 

(Uncertainty about prices) is ranked 24
th

, R33 (Failure to integrate the various systems to 

achieve the lowest life-cycle costs) is ranked 25
th

, R66 (Incorrect estimated cost of energy 

used) is ranked 26
th

, R12 (Failure to appropriately locate cost-to-function allocation) is 

ranked 27
th

, R45 (Failure to consider increase in life cycle replacement) is ranked 28
th

, R3 

(Failure to consider implication of economic conditions) is ranked 29
th

 and factor R11 

(Failure to recognise cost-value mismatches) is ranked 30
th

 out of 66. 

 Summary  7.7

Ranking helps the researcher to indicate which controllable value attributes distributed 

between five performance attributes (controllable value attributes) and risk factors having an 

impact on value created by green building designs are more important. In this chapter, the 

data ranking took place based on severity indices, average weighted mean and standard 

deviation of each value attribute and risk factor, which were used in order to determine the 

degree of significance of value attributes and risk factors in the context of value created by 

green building designs in construction projects. Obviously, from the previous tables, there 

were some agreements and disagreements in the rating and ranking of the value attributes and 

the risk factors among the construction project professionals. There are more detailed 

discussions of the findings in the next chapters. 
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Chapter 8: The Perceptions of Professionals on the 

Importance of Value Attributes and the Likelihood of 

Risk Factors Impacting on Project Value Creation 

 Introduction 8.1

The chapter will examine the mindsets of construction project professionals who have been 

involved in value management/engineering in relation to how they rate and perceive the 

importance of each value creation attribute in the design of green buildings, and how they 

value and perceive the likelihood of the risk factors having an impact on value creation in the 

design of green buildings. The results of this analysis will be valuable to the value 

management/engineering team and top management and provide obvious indications in 

understanding the importance of the value attributes in evaluating a project’s perceived value 

drivers, and the importance of the risk factors’ impact on value creation so that they will be 

able to identify, manage and control attributes that have a significant impact on the project 

value created by green building design.    

 Findings 8.2

 Experiences 8.2.1

The following table, Table 8-1, shows the respondents’ years of experience.  

Table 8-1 Respondents’ experience in construction project (Years) 

Respondents 

Years of experience 
 

Number of respondents 0-5 years 6-10 years More than 10 

Manager 8 9 23 40 

Engineer 3 9 22 34 

Architect 3 7 5 15 

Total 14 25 50 89 

% 16% 28% 56% 100% 
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The table illustrates that more than half (56%) of the respondents have more than 10 years of 

experience in construction projects, which indicates that they have good working knowledge 

and understandings of such projects. In addition, this provides justification for the relevance 

and significance of their responses and reasonable support for the arguments in this research. 

 Overall observations 8.2.2

The overall averages for the perspectives in relation to the performance attributes are shown 

in Figure 8-1. With regard to the importance of the controllable value attributes in the 

performance categories (value drivers), all respondents rated the value attributes in the 

management performance attributes in the project value created by green building design 

higher than the attributes in the financial performance attributes, functional performance 

attributes, operational performance attributes and environmental performance attributes. In 

general, the rating for the performance categories are as follows: management performance 

with a mean average of  4.12, functional performance with a mean average of 3.98, 

operational performance with a mean average of 3.97, environmental performance with a 

mean average of 3.96, and financial performance with a mean average of 3.81. 

 

Figure 8-1 The average rating for the importance of the controllable value attributes 

 

The following figure, Figure 8-2, shows the overall perspectives of the average rating for the 

likelihood of risk factors having an impact on the project value created by green building 

design. The architects give a higher ranking for the overall average mean than the engineers 

and managers. All of the top 20 factors ranked by the Architects have a mean of over 4.13 

and the average overall mean for all the factors is 3.91. In contrast, the mean average for the 
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managers’ responses is 3.79, and for the engineers it is 3.72. Based on these results, it is clear 

that all three groups of respondents agree that most of the risk factors have a high impact on 

the project value created by green building design. 

 

Figure 8-2 The average rating for the likelihood of risk factors having an impact on value creation 

 

 Highest 20 ranking  8.2.3

The purpose of this chapter is to provide a more focus on the value attributes and risk factors 

as rated by the respondents. Therefore, the chapter will discuss the top 20 ranked value 

attributes and risk factors by each group of professionals, as shown in Table 8-2 and Table 8-

3. The previous chapter, Chapter 7 (Descriptive Statistics and Data Ranking), has already 

highlighted the full rankings for the value attributes and risk factors.   

The importance of the value drivers, i.e. performance attributes, in the project value created 

by the green building design can be seen in the management performance and the functional 

performance, which dominate the top attributes that have a high ranking. The rated top 20 

value attributes show some contrasting trends in the way that the three groups of 

professionals have rated them. However, there is still some agreement between their 

perspectives. For example, all three groups put the value attributes Provide effective project 

management and delivery (VMA1), Maintain efficiency in terms of energy (VOP2), 

Reduce/minimise/save energy usage (VOP1) and Ensure designed elements are standardised 

(VFU22) win their top 20 ranking, rating them as top end attributes with average overall 

means of 4.46, 4.44, 4.37 and 4.30 respectively. 
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Table 8-2 The average mean ratings and standard deviation (SD) for the value attributes’ importance 

Value Driver Code  Value Attributes Manager Engineer Architect Overall  

Mean S D Mean S D Mean S D Mean S D 

Financial 

Performance 

VFI1 Efficiency of capital expenditure (CAPEX) 4.30 0.648 4.06 0.649 4.07 1.100 4.17 0.742 

VFI2 Efficiency of Operational expenditure (OPEX) 4.33 0.730 3.82 0.673 4.47 0.640 4.16 0.737 

VFI5 Improve economic efficiency  4.13 0.911 4.15 0.784 4.47 0.743 4.19 0.838 

Functional 

Performance  

  

VFU1 Maintain adaptable building - useful to all  4.33 0.797 3.97 0.758 4.40 0.737 4.20 0.786 

VFU2 Increase life of services  4.38 0.740 4.00 0.778 4.60 0.632 4.27 0.765 

VFU3 Provide function – fitness for purpose   4.38 0.740 4.12 0.729 4.40 1.242 4.28 0.839 

VFU8 Increase efficiency – add capacity   4.15 0.770 3.71 1.060 4.27 0.799 4.00 0.917 

VFU13 Provide disability access   4.13 0.883 3.91 0.866 4.60 0.507 4.12 0.850 

VFU14 Assure convenience   4.30 0.853 3.88 0.913 4.40 0.632 4.16 0.865 

VFU16 Maintain durability   3.88 1.067 4.00 0.985 4.53 0.516 4.03 0.982 

VFU18 Create reliable building – safer   4.18 0.903 3.94 1.013 4.47 0.516 4.13 0.907 

VFU20 Suitability and maintainability of materials    4.33 0.797 4.12 0.880 4.40 0.632 4.26 0.805 

VFU21 Meet all statutory requirements and building 

regulations   

4.20 0.966 3.91 0.965 4.47 0.743 4.13 0.944 

VFU22 Ensure designed elements are standardised   4.35 0.736 4.09 1.026 4.67 0.617 4.30 0.858 

VFU23 Configure design to enable an efficient construction 

process   

4.05 0.932 4.24 0.781 4.53 0.640 4.20 0.842 

VFU24 Ensure construction efficiency is considered in 

specification   

4.00 0.961 4.09 0.866 4.53 0.640 4.12 0.890 

VFU26 Provide functional ability of the foundations 

requirements (strength and stability) 

3.98 1.050 3.76 1.103 4.67 0.617 4.01 1.050 

VFU28 Ensure superstructure functional requirements meet 

a satisfactory level of performance 

4.03 .947 3.76 1.075 4.60 0.632 4.02 0.988 

Operational 

Performance  

VOP1 Reduce/minimise/save energy usage   4.45 0.846 4.12 0.729 4.73 0.458 4.37 0.774 

VOP2 Maintain efficiency in terms of energy   4.53 0.640 4.24 0.699 4.67 0.488 4.44 0.656 

VOP6 Easy  to maintain   3.75 1.171 4.00 0.853 4.60 0.507 3.99 1.006 

VOP8 Easy to operate    3.83 1.152 4.06 0.814 4.47 0.743 4.02 0.988 

VOP9 Easy to inspect and maintain    3.80 1.181 3.85 0.892 4.67 0.488 3.97 1.027 

VOP11 Provide building systems that are easy to operate 

and control    

4.03 0.974 3.71 0.836 4.53 0.640 3.99 0.911 

Environmental 

Performance  

 

 
 

 

 

VEN3 Provide indoor environmental quality   4.08 0.944 4.12 0.769 4.40 0.737 4.15 0.847 

VEN4 Access to natural light, management of air quality 
and temperature  

4.30 0.992 4.00 0.953 4.73 0.594 4.26 0.948 

VEN5 Increase use of natural ventilation   4.03 1.050 4.03 0.870 4.73 0.594 4.15 0.948 

VEN7 Specifying low-maintenance, durable, 

environmentally preferable materials and 
equipment 

4.20 0.853 4.03 0.870 4.40 0.737 4.17 0.843 

VEN10 Minimise consumption of resources    3.88 0.939 4.06 0.851 4.20 0.775 4.00 0.879 

VEN11 Conserve water resources    4.15 1.027 4.09 0.900 4.40 0.910 4.17 0.956 

VEN12 Respond to site microclimate    3.83 1.010 3.82 0.869 4.53 0.834 3.94 0.958 

Management 

Performance  

VMA1 Provide effective project management and delivery   4.55 0.639 4.24 0.741 4.73 0.458 4.46 0.675 

VMA2 Provide risk management   4.03 0.947 3.97 0.797 4.53 0.743 4.09 0.874 

VMA3 Create strategic planning    4.13 0.911 3.94 0.952 4.67 0.617 4.15 0.911 

VMA5 Provide cost control to achieve the project 
objectives    

3.98 0.891 4.18 0.797 4.60 0.507 4.16 0.824 

VMA6 Produce effective plans to achieve the project 

objectives    

4.00 1.013 4.29 0.719 4.60 0.507 4.21 0.859 

VMA9 Able to design to 
scope/cost/budget/schedule/quality 

4.03 0.974 4.09 0.866 4.40 0.632 4.11 0.885 

VMA10 Able to construct to 

scope/cost/budget/schedule/quality 

4.03 1.000 4.12 0.808 4.47 0.640 4.13 0.882 

VMA11 Completed to specification   4.23 0.920 4.24 0.781 4.47 0.640 4.27 0.822 

 

The same occurs with the risk factors’ trend, which shows some differences and agreement 

between the professionals’ views when ranking the factors. For example, they agreed that  

Failure to identify low-value, long-lead-time items (R35) (average mean 4.24), Incorrect time 

estimate (R64) (average mean 4.18), Poor design that may lead to higher operation costs 

(R28) (average mean 4.10), Insufficient funding (R1) (average mean 4.09), Incorrect cost 
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estimate (R63) (average mean 4.08), Poor project management (R49) (average mean 4.00) 

and Failure to consider future operational costs (R6) (average mean 3.96 were the most 

significant factors, and they rated them in their top 20 factors which have an impact on the 

project value created by green building design. 

 

Table 8-3 The average mean ratings and standard deviation (SD) for likelihood of impact from risk factors 

Code Risk Factor 

Manager Engineer Architect Overall  

Mean S D Mean S D Mean S D Mean S D 

R1 Insufficient funding    4.05 .846 4.06 .919 4.27 .799 4.09 0.861 

R4 Inadequate inflation forecasts    3.53 1.012 3.91 .900 4.07 .884 3.76 0.966 

R5 Inappropriate cost evaluation criteria    3.80 1.043 4.06 .694 4.07 .704 3.94 0.871 

R6 Failure to consider future operational costs     3.85 1.099 3.88 1.122 4.40 .737 3.96 1.065 

R7 Failure to recognise cost as resource expenditure    3.70 1.091 3.82 .936 4.33 .724 3.85 0.995 

R8 Failure to consider the cost of losing potential revenue    3.73 .987 3.91 .793 4.07 .799 3.85 0.886 

R9 Uncertainty about prices     3.85 1.001 3.79 1.122 3.87 1.187 3.83 1.069 

R11 Failure to recognise cost-value mismatches    3.80 .992 3.65 .812 4.20 1.082 3.81 0.952 

R12 

Failure to appropriately locate cost-to-function 

allocation 
3.80 .853 3.71 .906 4.13 .743 

3.82 0.860 

R17 

Failure to examine specifications due to unnecessary 

expense 
3.73 1.086 3.94 .736 4.13 .915 

3.88 0.939 

R18 Failure to translate specification into the design    3.85 .893 3.59 1.104 3.47 .915 3.69 0.984 

R19 Failure to design to brief/specification    3.80 1.091 3.91 .712 3.47 1.060 3.79 0.959 

R20 

Failure to consider construction implications during 

design    
3.85 1.099 3.91 .866 3.60 .986 

3.83 0.991 

R21 Design changes    4.10 1.008 4.06 .776 3.87 1.060 4.04 0.928 

R22 Redesign / rework    4.20 .883 3.94 .919 3.87 1.187 4.04 0.952 

R28 Poor design that may lead to higher operation costs    4.03 1.074 4.15 .857 4.20 .775 4.10 0.942 

R31 Failure to consider new/change in technology   3.53 1.012 3.68 1.007 4.13 .743 3.69 0.984 

R33 

Failure to integrate the various systems to achieve the 
lowest life-cycle costs 

3.95 .846 3.68 .945 3.80 1.265 
3.82 0.960 

R35 Failure to identify low-value, long-lead-time items 4.28 .599 4.12 .880 4.40 .737 4.24 0.739 

R36 Failure to consider design risks   4.23 .800 3.88 .913 3.87 .990 4.03 0.885 

R37 

Failure to consider Inter-dependence between 

components in design    
3.88 .911 3.79 .845 3.60 .986 

3.80 0.894 

R39 

Failure to consider design impact on operating 

efficiency   
3.90 .982 3.94 .814 3.93 1.163 

3.92 0.944 

R44 Failure to consider increase in routine maintenance    3.80 .883 3.79 .845 4.20 .775 3.87 0.855 

R45 Failure to consider increase in life cycle replacement       3.93 .888 3.74 .898 3.73 .884 3.82 0.886 

R47 Failure to consider implication of environmental risks      3.55 1.011 3.85 .784 4.13 .915 3.76 0.930 

R48 Lack of background information     3.70 1.091 3.59 1.048 4.13 .834 3.73 1.042 

R49 Poor project management       3.98 1.000 3.94 .952 4.20 .862 4.00 0.953 

R50 Poor definition of the scope and objectives of projects      3.90 1.008 3.65 .981 4.07 .884 3.83 0.980 

R51 Project scope Unscheduled Items       3.95 .783 3.74 .864 4.07 .961 3.89 0.845 

R53 Lack of coordination and decision making     4.00 .877 3.85 .821 4.07 .799 3.96 0.838 

R57 Improper project planning and budgeting     3.75 1.214 3.97 .937 4.27 .884 3.92 1.068 

R58 Failure to build to design      3.65 .921 3.65 1.041 4.07 .799 3.72 0.953 

R63 Incorrect cost estimate    3.98 .832 4.15 .821 4.20 .775 4.08 0.815 

R64 Incorrect time estimate    4.08 .917 4.21 .978 4.40 .632 4.18 0.899 

R65 Incorrect estimated cost of maintenance    3.80 1.018 4.15 .702 4.27 .704 4.01 0.872 

R66 Incorrect estimated cost of energy used    3.60 1.081 3.85 1.105 4.33 .724 3.82 1.061 
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 ANOVA analysis 8.3

The results of the calculation of the means, standard deviations and the coefficients of 

variation obtained quite close values for the three groups of respondents (mangers, engineers 

and architects). Meanwhile, the respondents were asked to rate the value attributes and the 

risk factors between the values of 1 to 5, and there appeared to be no large significant 

difference between them. As a result, an ANOVA analysis was conducted by using SPSS 

software in order to justify the statistical differences between the groups’ responses. The 

SPSS software was used with a significance level of 0.05 to obtain the result of the 

hypothesis tests: 

 

 H0 (p > 0.05): There is no significant difference among the respondents’ ratings for the 

importance of the value attributes. 

H1 (p < 0.05): There is significant difference among the respondents’ ratings for the 

importance of the value attributes (at least one of the groups is significantly different from 

other groups). 

 

The output of the ANOVA analysis for each value attribute is illustrated in Table 8-4. The 

table shows that the overall F values for these value attributes are significant. However, there 

are some statistically significant differences between the groups of respondents’ responses for 

some of the value attributes, such as for VFI2, VFU2, VFU13, VFU26, VFU28, VOP1, 

VOP6, VOP9, VOP11, VEN4, VEN5, VEN12, VMA1, VMA3 and VMA5. The p values for 

these value attributes are highlighted in red in the table, which means that the p value is less 

than or equal to 0.05. 

By using the table of critical values for the F distribution, it was found that F values for the 

value attributes that were significantly different were equal to or larger than the F critical (F 

critical = 3.10 for the degrees of freedom (2.86)). As a result, the H0 null hypothesis is 

rejected, which means that at least one of the groups rated the importance of value attributes 

in the project value created by green building design is significantly different from at least 

one other group. 
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Table 8-4 ANOVA analysis for rating the importance of the value attributes 

  

Sum of 

Squares df Mean Square F Sig. 

VFI2 Between Groups 6.348 2 3.174 6.586 .002 

Within Groups 41.450 86 .482     

Total 47.798 88       

VFU2 Between Groups 4.553 2 2.277 4.168 .019 

Within Groups 46.975 86 .546     

Total 51.528 88       

VFU13 Between Groups 4.930 2 2.465 3.611 .031 

Within Groups 58.710 86 .683     

Total 63.640 88       

VFU26 Between Groups 8.563 2 4.281 4.164 .019 

Within Groups 88.426 86 1.028     

Total 96.989 88       

VFU28 Between Groups 7.262 2 3.631 3.968 .022 

Within Groups 78.693 86 .915     

Total 85.955 88       

VOP1 Between Groups 4.401 2 2.201 3.913 .024 

Within Groups 48.363 86 .562     

Total 52.764 88       

VOP6 Between Groups 7.889 2 3.944 4.183 .018 

Within Groups 81.100 86 .943     

Total 88.989 88       

VOP9 Between Groups 8.901 2 4.450 4.556 .013 

Within Groups 83.998 86 .977     

Total 92.899 88       

VOP11 Between Groups 7.222 2 3.611 4.722 .011 

Within Groups 65.767 86 .765     

Total 72.989 88       

VEN4 Between Groups 5.723 2 2.861 3.356 .040 

Within Groups 73.333 86 .853     

Total 79.056 88       

VEN5 Between Groups 6.222 2 3.111 3.671 .030 

Within Groups 72.879 86 .847     

Total 79.101 88       

VEN12 Between Groups 6.270 2 3.135 3.621 .031 

Within Groups 74.450 86 .866     

Total 80.719 88       

VMA1 Between Groups 3.161 2 1.581 3.679 .029 

Within Groups 36.951 86 .430     

Total 40.112 88       

VMA3 Between Groups 5.510 2 2.755 3.506 .034 

Within Groups 67.591 86 .786     

Total 73.101 88       

VMA5 Between Groups 4.282 2 2.141 3.316 .041 

Within Groups 55.516 86 .646     

Total 59.798 88       

 

It can be seen from the table above that the ANOVA analysis shows that there is sufficient 

evidence to state that the rating for the value attributes given by one group differs 

significantly from another. However, the table does not show specific means for which 

groups are different from other ones. Therefore, a follow-up test is required to provide 

multiple comparisons. The follow-up test used in this research is the Post Hoc Multiple 

Comparison Test which is built into the SPSS software. The Tukey test is one of the post hoc 

tests used for this, as the sample size is uneven. The result of the Tukey test, the value 

attributes that have the overall F values are significant are used. However, as a matter of 
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space and content in this chapter, only those attributes that show significant difference are 

illustrated in Table 8-5. 

 

Table 8-5 Post Hoc test for rating the importance of the value attributes 

 

The table above shows the significant value of p is less than or equal to 0.05. This indicates 

that there are no significant differences between the listed groups in the same subset. 

However, the groups in different subsets are significantly different. For example, the rating 

for VFI2 is not significantly different between Managers and Architects but it is significantly 

VFI2 

 

VFU2 

Job N 

Subset for alpha = 0.05 

 
Job N 

Subset for alpha = 0.05 

1 2 

 

1 2 

Engineer 34 3.82   

 

Engineer 34 4.00   

Manager 40   4.33 

 

Manager 40 4.38 4.38 

Architect 15   4.47 

 

Architect 15   4.60 

Sig.   1.000 .753 

 

Sig.   .180 .534 

         VFU13 

 

VFU26 

Job N 

Subset for alpha = 0.05 

 
Job N 

Subset for alpha = 0.05 

1 2 

 

1 2 

Engineer 34 3.91   

 

Engineer 34 3.76   

Manager 40 4.13 4.13 

 

Manager 40 3.98   

Architect 15   4.60 

 

Architect 15   4.67 

Sig.   .637 .113 

 

Sig.   .746 1.000 

         VFU28 

 

VOP1 

Job N 

Subset for alpha = 0.05 
 

Job N 

Subset for alpha = 0.05 

1 2 
 

1 2 

Engineer 34 3.76   

 

Engineer 34 4.12   

Manager 40 4.03 4.03 

 

Manager 40 4.45 4.45 

Architect 15   4.60 

 

Architect 15   4.73 

Sig.   .605 .093 

 

Sig.   .269 .383 

         VOP6 

 

VOP9 

Job N 

Subset for alpha = 0.05 

 
Job N 

Subset for alpha = 0.05 

1 2 

 

1 2 

Manager 40 3.75   

 

Manager 40 3.80   

Engineer 34 4.00 4.00 

 

Engineer 34 3.85   

Architect 15   4.60 

 

Architect 15   4.67 

Sig.   .638 .081 

 

Sig.   .981 1.000 

         VOP11 

 

VEN12 

Job N 

Subset for alpha = 0.05 

 
Job N 

Subset for alpha = 0.05 

1 2 

 

1 2 

Engineer 34 3.71   

 

Engineer 34 3.82   

Manager 40 4.03 4.03 

 

Manager 40 3.83   

Architect 15   4.53 

 

Architect 15   4.53 

Sig.   .408 .107 

 

Sig.   1.000 1.000 

         VMA1 

 

VMA3 

Job N 

Subset for alpha = 0.05 

 
Job N 

Subset for alpha = 0.05 

1 2 

 

1 2 

Engineer 34 4.24   

 

Engineer 34 3.94   

Manager 40 4.55 4.55 

 

Manager 40 4.13 4.13 

Architect 15   4.73 

 

Architect 15   4.67 

Sig.   .215 .589 

 

Sig.   .747 .086 

         VMA5 

     

Job N 

Subset for alpha = 0.05 

     
1 2 

     Manager 40 3.98   

     Engineer 34 4.18 4.18 

     Architect 15   4.60 

     Sig.   .653 .158 
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different between Engineers and Managers or Architects. Additionally, the rating for attribute 

VFU2 is not significantly different between Engineers and Managers but there is a significant 

different between Engineers and Architects. To sum up, the null hypothesis H0 (p > 0.05): 

There is no significant difference among the respondents’ ratings for the importance of the 

value attributes has been rejected for the following value attributes: VFI2, VFU2, VFU13, 

VFU26, VFU28, VOP1, VOP6, VOP9, VOP11, VEN4, VEN5, VEN12, VMA1, VMA3 and 

VMA5. 

The concept and application of SPSS software and ANOVA analysis used before for the 

result of the groups’ responses was also conducted on the likelihood of risk factors have an 

impact on the project value created by green building. The significance level of 0.05 was 

applied, and the hypotheses test:- 

H0 (p > 0.05): There is no significant difference among the respondents’ ratings for the 

likelihood of risk factors impacting on project value creation. 

H1 (p < 0.05): There is significant difference among the respondents’ ratings for the 

likelihood of risk factors impacting on project value creation (at least one of the groups is 

significantly different from other groups). 

The outputs of the ANOVA analysis for each risk factor are illustrated in (Appendix B Table 

13). The results show that there is no need for the H1 hypothesis (p < 0.05): There is 

significant difference among the respondents’ ratings for the likelihood of risk factors 

impacting on project value creation (at least one of the groups is significantly different from 

other groups). 

 

 Summary  8.4

Despite a few contrasting views regarding the ranking of the performance attributes and risk 

factors, these attributes and factors should not be taken lightly as, although they are not 

important to green building design, they might have a very significant ripple effect on other 

processes and building aspects. There are a range of value attributes and risk factors that 

interact together to influence project success or failures. The importance and significance of 

each value attribute and risk factor may also be different, and depend on the type of project.  
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Due to the differences in perception regarding these attributes there is a need for improved 

communication between the groups in order to develop a shared understanding of project 

value creation and associated risks. Without a shared understanding, it is unlikely that 

managers, engineers and architects will be able to work together effectively, and there may be 

an increased potential for conflicts to arise that badly affect a project’s objectives. 
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Chapter 9: Factor Analysis 

 Introduction 9.1

The chapter presents the results from the factor analysis and data reduction processes. These 

techniques are used for reducing a large number of attributes/factors/variables into a more 

easily understood framework (Norusis, 2000). The factor analysis technique is often used in 

SPSS for data reduction in order to identify a small number of factors which explain most of 

the variance that is observed in a much larger number of obvious variables (SPSS 22.0.0.1). 

The analysis and findings in this research are of a survey distributed among professionals in 

Saudi Arabia who are involved in the field of value management in construction projects. The 

degree of the importance of each value creation attribute in green building design and the 

degree of the impact of each risk factor varies according to its influence on the value 

performance of the building assets. Based on descriptive statistics and data ranking 

processing in Chapter 7, it is concluded that some value attributes and risk factors are more 

effective in value creation in comparison with others. A number of value creation attributes 

with the highest degree of importance might be considered as representative of the whole set 

of data as well as for the number of risk factors with the highest degree of likelihood of risk 

factors impacting on project value creation. Therefore, the most significant indicators are 

extracted and treated as representative of the whole set of value creation indicators and risk 

indicators. Based on the variables’ relationship and correlations, the outcome of the data 

reduction is presented in a few components and then clusters that consist of the most 

important value creation attributes and risk factors of the original large group (here ‘group’ 

refers to the five classes of value creation and group of risk factors: 20 financial performance 

attributes, 34 functional performance indicators, 16 operational performance attributes, 16 

environmental performance attributes, 12 management performance attributes and 66 risk 

factors). A clear understanding of new value creation clusters and risk clusters and their 

implications will be instrumental in assessing and evaluating the value creation and their 

performances in green building design. The following sections in this chapter will present and 

discuss the methodology for factor analysis and data reduction. 
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 Factor analysis process  9.2

SPSS software and Microsoft Excel software were used to undertake factor analysis and data 

reduction. The collected data were processed through two statistical procedures: the data 

ranking process, as discussed in Chapter 7, which is based on mean weighted rating, standard 

deviation, severity index and coefficient of variation for the value attributes and risk factors; 

and then factor analysis and the data reduction process were utilised to decrease the number 

of variables in order to handle the task more easily and efficiently. SPSS software was used 

for data reduction to remove redundant data from the list of attributes/factors in order to 

achieve a manageable subset of variables that present the majority of the value creation 

attributes and the risk factors that are associated with the value created by green building 

design.  

The factor analysis process is introduced by determining the strength of the relationship 

between the variables. Then, the second stage is to extract a matrix of correlation coefficients, 

an then extract the components that have an Eigenvalue of 1 and more from this matrix, 

which is the most common method of extraction in principal component analysis. The data 

reduction process is looking for variables which correlate highly with a set of other variables. 

This method considers which variables seem to cluster together in a meaningful way. The 

next stage generates a rotated component matrix to find out which value attributes and risk 

factors have a more effective influence on each component. Through identifying redundant 

data, the existing 98 value attributes and 66 risk factors were reduced down to 51 value 

creation attributes and 35 risk factors for the value created by green building design. The 

analysis process is shown in Figure 9-1. The figure shows that, through the use of data 

reduction in SPSS, the financial value creation attributes have been categorised into two 

clusters, the functional value creation ones have been categorised into three clusters, the 

operational value creation ones have been categorised into two clusters, the environmental 

value creation ones have been categorised into two clusters, the management value creation 

ones have been categorised into two clusters, and the risk factors have been categorised into 

five clusters. The process of how the findings were reached and the analysis of the data are 

presented and discussed in the following sections. 
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Figure 9-1 Factor analysis and data reduction process 

 

 Factor Analysis  9.3

This research has identified and ranked the value creation attributes according to their level of 

importance for green building design as well as identifying and ranking the risk factors 

according to their level of impact on green building design, based on the views of experts in 

the field of construction projects. The objective of using the factor analysis process is to 

reduce data and to eliminate redundant data which are not highly correlated variables from 

the survey. The factor analysis process is often used to reduce data and identify a small 

number of components, which shows the observed variance in a much larger number of 

manifest variables (SPSS 22.0.0.1). Having a large number of variables often makes the data 

more difficult to understand and to manage. The factor analysis process is able to reduce the 

number of attributes/factors without losing too much information from the original variables 

provided (Field, 2005; Punch, 2005). 
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The purpose of factor analysis is to find a few components that explain the majority of 

variation in the survey data set and then clusters can be formed from related variables. 

Introducing a more easily understood framework by using this technique enables the 

researcher to reduce a large number of attributes/factors into clusters (Norusis 2000). The 

factor analysis technique is applied to investigate if there is an underlying relationship 

between the different factors within a questionnaire. The latent components and variables are 

extracted by using the principal components method in SPSS. The components are then 

formed into a set of matrices that present the correlations between two or more different 

variables. The factor analysis process starts by finding a component which is a linear 

combination of variables that accounts for as much variation in the original variables as 

possible. After that, the process continues to find the other components that account for as 

much of the remaining variation as possible and each should be uncorrelated with any other 

previous component. The process ends after all the relevant components have been found 

which contain as much as original variables. Usually, it can be seen that a few components 

account for most of the variation, and these components can be considered to replace the 

original variables (Punch, 2006; Morgan, et al., 2004; Field, 2005). Therefore, in the results 

presented in the following section, the most important value creation attributes and risk 

factors have been extracted and treated as representative of the whole set of value creation 

attributes and risk factors. The degree of significance of each value creation attribute and risk 

factor in green building design varies according to its importance and impact on a 

construction project. It can be said that some variables can be influential in comparison with 

others. The chapter will discuss a few variables that present the characteristics for value 

creation indicators. 

 Findings and Analysis 9.4

The factor analysis was carried out after measuring the sampling adequacy by Kaiser-Meyer-

Olkin (KMO) and then checking the presence of correlations by Bartlett Test of Sphericity. 

Then the necessary stages were followed in order to carry out factor analysis. First of all, 

factor analysis determines the strength of the relationship among the variables (Shen and Liu, 

2003), extracting a matrix of correlation coefficients, and then finding out the components by 

extracting a matrix of correlation coefficient that have an Eigenvalue of bigger than 1 (it can 

be said that it is a common extraction method which is based on principal component 

analysis), then showing the plot screen for the components and Eigenvalue. In the following 
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phase, a rotated component matrix is generated by using varimax rotation in order to 

determine which attributes/factors have a more effective influence on each component. 

Therefore, in this study, the process begins with consideration of value attributes and risk 

factors in the questionnaire, then two tests are applied to check the suitability of the data for 

structure detection, and then a series of components are generated based on their correlations 

and Eigenvalues are investigated. In the following stage, a set of more influential 

attributes/factors are selected and are considered to be representative for the research and also 

for following up the study (see Figure 9-1). In addition, the results of factor analysis are 

presented in the following sections. 

 KMO & Bartlett tests  9.4.1

Two statistical tests have been carried out on data before conducting factor analysis to 

indicate the suitability of the data for structure detection. The first test, Kaiser-Meyer-Olkin 

(KMO), measures sampling accuracy, in order to indicate the proportion of variance of the 

variables that might be caused by underlying factors. High values close to 1.0 in the KMO 

test indicate that a factor analysis is useful for the data; however, if the value is less than 0.50, 

this indicates that the results of the factor analysis will not be very useful. The second check 

is to test the presence of correlations by Bartlett Test of Sphericity, which tests the hypothesis 

that the correlation matrix is an identity matrix; a small significance level of less than 0.05 

indicates that a factor analysis can be conducted (Field, 2005; Morgan et al., 2004, SPSS 

22.0.0.1). The following table, Table 9-1, shows the KMO and Bartlett test results for the 

data collected by this study. 

Table 9-1 KMO and Bartlett test 

Value Creation Class and Risk Factors Kaiser-Meyer-Olkin 

(KMO) Measure of 

Sampling Adequacy 

Bartlett’s Test of 

Sphericity 

(Significance value) 

Financial Performance 0.785 0 

Functional Performance  0.856 0 

Operational Performance 0.855 0 

Environmental Performance  0.853 0 

Management Performance  0.891 0 

Risk Factors 0.702 0 

 

It can be seen from the above table that the KMO values are close to 1, which means that the 

factor analysis is likely to be appropriate and acceptable. Field (2005) mentions that a value 
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close to 1 indicates that the patterns of correlations are relatively compact, and so factor 

analysis will provide distinct and reliable factors. Kaiser (1974) recommends accepting 

values greater than 0.5 as acceptable. Moreover, KMO values between 0.5 and 0.7 are good, 

between 0.7 and 0.8 are great, and above 0.8 are superb.  

Bartlett’s test measures the null hypothesis (H0 > 0.05), which shows that the original 

correlation matrix is an identity matrix. Therefore, factor analysis needs some relationships 

between variables and the significance value to be (p< 0.05). By considering the significance 

level of 0.05, Bartlett’s test shows the values of p for both importance of the value attributes 

and the likelihood of risk impact are highly significant. This test shows that the correlation 

matrix is not an identity matrix, so there are some relationships between the variables. Both 

KMO and Bartlett tests have demonstrated that factor analysis is appropriate for these data. 

Reliability analysis takes place as part of practical validation in order to check whether the 

properties of a measurement scale and the items that compose the scale are reliable. Low 

reliability shows that the items that make up the scale do not correlate strongly enough; thus, 

they might not be selecting the same construct domain. As a measure of reliability, 

Cronbach's Alpha was calculated to check the consistency of the research items and to 

identify problem items that need to be excluded from the scale (SPSS 22). Based on George 

and Mallory’s (2003) measures, Cronbach's Alpha is assessed as follows in Table 9-2: 

 

Table 9-2 Cronbach's Alpha measures (George & Mallory, 2003) 

Cronbach's Alpha Internal Consistency 

 > 0.90 Excellent 

0.80 - 0.89 Good 

0.70 - 0.79 Acceptable 

0.60 - 0.69 Questionable 

 0.50 - 0.59 Poor 

< 0.50 Unacceptable 

 

The reliability of the data has been checked for the value creation attributes and risk factors 

by using Cronbach’s test. The Cronbach's Alpha values of value creation attributes and risk 

factors vary between 0.876 and 0.969, which shows that the components have significantly 

good to excellent internal consistency, as shown in the following table, Table 9-3. 
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Table 9-3 Cronbach's Alpha test result 

Value Creation Class and Risk Factors Cronbach's 

Alpha 

The Importance of Financial Performance Attributes 0.876 

The Importance of Functional Performance Attributes 0.951 

The Importance of Operational Performance Attributes 0.932 

The Importance of Environmental Performance Attributes 0.93 

The Importance of Management Performance Attributes 0.933 

Likelihood of Risk Factors Impacting on Project Value Creation 0.969 

 Financial Performance attributes 9.4.2

Table 9-4 below shows the components extracted by principle component analysis. The 

components were set according to a series of correlations between different financial 

performance attributes. Consequently, the table shows the correlation between attributes. The 

first column shows the components and the next three columns are categorised as: Initial 

Eigenvalues, which are related to the Eigenvalue of the correlation matrix and indicate which 

components can remain in the analysis. Factor analysis was considered for the components 

with Eigenvalues of more than one, whilst those with Eigenvalues of less than 1 were 

excluded (Punch, 2005; Field, 2005). The next category, Extraction Sum of Squared 

Loadings, shows the sum of the squared loadings for the unrotated attributes, and the last 

category, Rotation Sums of Squared Loadings, is for the rotated attributes’ solution. The 

initial Eigenvalues and rotated were used to confirm the variation explained by each extracted 

value creation component. 

Table 9-4 Total Variance Explained for Financial Performance Attributes 

Component 

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 

Total 
% of 

Variance 
Cumulative 

% Total 
% of 

Variance 
Cumulative 

% Total 
% of 

Variance 
Cumulative 

% 

1 6.183 30.913 30.913 6.183 30.913 30.913 3.184 15.920 15.920 

2 2.055 10.277 41.190 2.055 10.277 41.190 2.763 13.817 29.737 

3 1.759 8.793 49.983 1.759 8.793 49.983 2.294 11.469 41.206 

4 1.380 6.900 56.883 1.380 6.900 56.883 1.991 9.955 51.161 

5 1.102 5.508 62.391 1.102 5.508 62.391 1.819 9.093 60.255 

6 1.033 5.167 67.557 1.033 5.167 67.557 1.461 7.303 67.557 

7 .845 4.223 71.780             

8 .771 3.853 75.633             

. . . .             

. . . .             

19 .199 .994 99.090             

20 .182 .910 100.000             
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In this analysis of the importance of the financial performance attributes, just six components 

carry an Eigenvalue of more than 1 and account for nearly 67.557% of the variance, as shown 

in the Cumulative % column. The result of that the selected six components present 67.557% 

of the whole variance. Consequently, these six components can be considered to be 

representative of all 20 financial performance attributes included in this study.  

An additional method of presenting the most significant attributes of the study can be found 

through presentation of a scree plot of data, as illustrated in the following figure, Figure 9-2. 

 

Figure 9-2 Scree plot of financial performance components 

 

The scree plot is proposed in order to provide a graphical picture of the Eigenvalue for each 

component extracted in SPSS. The chart line shows the slope is reducing, while it is moving 

towards the components that have an Eigenvalue of less than 1. It can be seen that the figure 

curve starts to slightly flatten out and become horizontal after component 6 and that the point 

of interest was defined between components 5 and 7, where the curve connects the points. 

Consequently, the scree plot shows the place where a sharp change in angle occurs, which is 

considered to be the point where Eigenvalues of less than 1 are placed, where the flattened 

part of the curve is plotted (Morgan et al, 2004). In contrast, the curve’s sharp slope indicates 

where the Eigenvalues with a value of larger than 1 are located.  

Matching Table 9.4, the principal component analysis shows that six components with an 

Eigenvalue of more than 1 are selected. Therefore, the following phase is the extraction of a 
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rotated component matrix in order to find out which financial performance attributes are 

having the highest level of influence on project value creation. This level of influence is 

illustrated in Table 9.5, where the matrix loading scores are presented. The degree of 

influence of each value attribute for all the financial performance attributes can be seen by 

using varimax rotation, and the value attributes with the highest rate of influence can be 

distinguished. It is suggested that attribute loadings with an absolute value greater than 0.4 

should be interpreted whilst ignoring the +ve or –ve sign, which explains around 16% of the 

variance in the variable (Morgan et al., 2004; Field, 2005). The method is used to extract the 

most effective attributes of each component, as indicated in Table 9-5. The attributes with the 

highest scores and correlation values are chosen for each component. For example, from 

Table 9-5, the value attribute VFI1 (0.695) has greater influence on component 3 compared to 

other components, whereas the value attribute VFI11 (0.528) has more influence on 

component 1 in relation to other components, and VFI2 (0.876) has more influence on 

component 6 in relation to other components. This method is used for all the value attributes 

and components to extract the most important value attributes for each component. 

Table 9-5 Rotated component matrix for the financial performance attributes 

  

Component 

1 2 3 4 5 6 

VFI1 
.016 .235 .695 -.373 .056 .085 

VFI2 
.108 .156 .145 -.015 -.045 .876 

VFI3 
.168 -.059 .783 .276 .068 .149 

VFI4 
-.072 .270 .160 .145 .703 -.007 

VFI5 
.026 .064 .434 .340 .356 .447 

VFI6 
.141 .297 .650 .065 .001 .023 

VFI7 
-.080 .580 .250 .217 .320 .173 

VFI8 
.289 .567 .443 .028 .026 .133 

VFI9 
.201 .824 .162 .071 .015 .080 

VFI10 
.141 .766 .021 .262 .070 .049 

VFI11 
.528 .297 .165 .039 -.122 .391 

VFI12 
.154 .414 .263 .448 .189 .070 

VFI13 
.043 .276 .073 .831 .016 -.181 

VFI14 
.237 .169 -.020 .644 .083 .332 

VFI15 
.452 .416 -.090 .333 .181 .153 

VFI16 
.315 -.036 -.047 -.048 .818 -.054 

VFI17 
.668 .104 .051 .265 .421 .138 

VFI18 
.827 .077 .194 -.004 .003 -.020 

VFI19 
.760 .169 .293 .145 -.087 -.090 

VFI20 
.773 .083 -.127 .045 .367 .230 
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The most influential value attributes of each component are extracted in order to reduce the 

list of value attributes, which results in a more manageable number without losing a large 

amount of data. After applying factor analysis and data reduction to the financial performance 

attributes, the questionnaire’s 20 value attributes are reduced to six components which are 

shown in Table 9-6 below. The table shows the percentages of variance of each component, 

Eigenvalue, loading score and the value attribute which are extracted from Table 9-4 and 

Table 9-5. 

Table 9-6 Financial performance components 

Financial 

Performance 

Components 

Extracted 

Eigenvalue 

Extraction 

sum of 

squared 

loadings: 

variance 

% 

Rotation 

sum of 

squared 

loadings: 

variance 

% 

Attribute 

Loading 

Score 

Attribute 

Code 
Value Creation Attribute  

1 6.183 30.913 15.920 

.827 VFI18 Maximise sale price  

.773 VFI20 Maximise occupancy rate  

.760 VFI19 Maximise rental price  

.668 VFI17 Increase Turnover  

.528 VFI11 Maximise residual value 

.452 VFI15 Optimise risk-return ratio of alternative options 

2 2.055 10.277 13.817 

.824 VFI9 Return on investment  

.766 VFI10 Create Investment planning and asset allocation 

.580 VFI7 Consider state of inflation  

.567 VFI8 Maximise Return on capex  

3 1.759 8.793 11.469 

.783 VFI3 Maximise the cost efficiency to build  

.695 VFI1 Efficiency of capital expenditure (CAPEX) 

.650 VFI6 Increase economic lifetime  

4 1.380 6.900 9.955 

.831 VFI13 
Prevent Legal and potential damages costs - provide adequate insurance cover to 

protect Legal and potential damages costs  

.644 VFI14 Prevent loss of revenue  

.448 VFI12 Minimise cost of capital  

5 1.102 5.508 9.093 
.818 VFI16 Reduce the fees payable  

.703 VFI4 Deliver / achieve Cost certainty   

6 1.033 5.167 7.303 
.876 VFI2 Efficiency of Operational expenditure (OPEX) 

.447 VFI5 Improve economic efficiency  

 

The two new clusters presented in Table 9-7 are formed based on the six extracted 

components and their most important value attributes shown in Table 9-6. The new clusters 

are considered to comprise the relevant financial performance design indicators for assessing 

value created by green building design. The percentage of variance of each cluster is 

extracted from Table 9-6 by calculating the percentage of variance of each component in the 

generated clusters. 

The variance percentage of each attribute is extracted from Table 9.6, and the percentage of 

variance of each cluster is calculated by summation of each component’s variance in the 

same generated cluster. The results of these calculations are shown in Table 9.7. For example, 
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the OPEX cluster in Table 9-7 is one of two clusters for financial performance design 

indicators; it is composed of component 1 (variance of 15.92%), presenting VFI11 and VFI15 

as the main indicators of its group, and component 6 (variance of 7.303%), presenting VFI2 

and VFI5 as the main indicators of its set. Consequently, the percentage of variance for this 

cluster (OPEX) in Table 9-7 is calculated by summation of the percentage of variance of its 

components. Therefore, the percentage of variance for the OPEX cluster is computed as 

15.92 + 7.303 = 23.223%. 

The financial performance design indicators are grouped into two clusters, which are highly 

manageable without losing a lot of data, and just 100 – 67.557 = 32.4% of the existing 

information is compromised. Using the method of factor analysis and data reduction, the 

questionnaire’s 20 attributes are reduced to six components, and then grouped/categorised 

into two fundamental clusters which include just 10 original attributes from the questionnaire 

that represent the most relevant data on financial performance design indicators for value 

creation. The final 10 indicators were extracted by the process of factor analysis and the 

weighted ranking of value attributes in Chapter 7. The final results of factor analysis and data 

reduction for the financial performance attributes are presented in Table 9-7. 

Table 9-7 Factor Reduction for the Financial Performance: Two New Categories 

  Cluster  Variance % Component  Code Value attributes  

Financial Performance 

OPEX 23.22 

1 

VFI11 Maximise residual value 

VFI6 Increase economic lifetime  

VFI15 Optimise risk-return ratio of alternative options 

6 
VFI2 Efficiency of Operational expenditure (OPEX) 

VFI5 Improve economic efficiency  

CAPEX  
44.33 

3 
VFI3 Maximise the cost efficiency to build  

VFI1 Efficiency of capital expenditure (CAPEX) 

4 VFI12 Minimise cost of capital  

5 VFI4 Deliver / achieve Cost certainty   

 2 VFI9 Return on investment  

 

 Functional Performance Attributes 9.4.3

The factor analysis process begins by extracting the components by principal component 

analysis. The extracted components can be seen in Table 9-8. It shows that just seven 

components carry Eigenvalues of more than 1 and account for nearly 71.213% of the whole 

variance. Consequently, these seven components can be considered as being representative of 

the 34 attributes included in this study. 
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Table 9-8 Total Variance Explained for Functional Performance Attributes 

Component 

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 

Total 
% of 

Variance 
Cumulative 

% Total 
% of 

Variance 
Cumulative 

% Total 
% of 

Variance 
Cumulative 

% 

1 
13.518 39.759 39.759 13.518 39.759 39.759 7.346 21.606 21.606 

2 
3.196 9.399 49.158 3.196 9.399 49.158 4.292 12.622 34.229 

3 
2.051 6.032 55.190 2.051 6.032 55.190 3.660 10.763 44.992 

4 
1.529 4.496 59.686 1.529 4.496 59.686 2.716 7.987 52.979 

5 
1.469 4.321 64.007 1.469 4.321 64.007 2.480 7.293 60.272 

6 
1.379 4.057 68.064 1.379 4.057 68.064 2.325 6.838 67.110 

7 
1.071 3.149 71.213 1.071 3.149 71.213 1.395 4.102 71.213 

8 
.946 3.076 74.289             

9 
.854 2.512 76.801             

. . . .             

. . . .             

. . . .             

33 
.061 .181 99.902             

34 
.033 .098 100.000             

 

The following figure, Figure 9-3, provides the scree plot for the functional components and 

Eigenvalues. It can be seen that the point of interest was defined between components 7 and 

10, where the curve connects the points, and then it starts to slightly flatten out and become 

horizontal. Therefore, the scree plot shows Eigenvalues less than 1 are placed where the 

flattened part of the curve is plotted, whilst Eigenvalues with a value larger than 1 are located 

on the sharp slope. 
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Figure 9-3 Scree plot of functional performance components 

 

The varimax rotation matrix method is used to extract the most effective attributes of each 

component, as shown in Table 16 (see appendixes B). The attributes with the highest scores 

and correlation values are chosen for each component. For example, from Table 15 the value 

attribute VFU1 (0.695) has greater influence on component 5 compared to other components, 

whereas the value attribute VFU15 (0.525) has more influence on component 2 in relation to 

other components, and VFU30 (0.839) has more influence on component 1 in relation to 

other components. This method is used for all the value attributes and components to extract 

the most important attributes for each component while neglecting those with absolute value 

of less than 0.4 and ignoring the +ve or –ve sign. 

As mentioned before, the most influential value attributes of each component are extracted in 

order to reduce the list of value attributes, which results in a more manageable number 

without losing a large amount of data. The factor analysis shows that the 34 functional 

performance value attributes from the questionnaire are reduced to seven components, which 

are shown in Table 9-9 below. The factor analysis results show the percentages of variance of 

each component and the extracted Eigenvalues, and the loading score extracted throughout 

the varimax rotation matrix table. 
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Table 9-9 Functional performance components 

Functional 

Performance 

Components 

Extracted 

Eigenvalue 

Extraction 

sum of 

squared 

loadings: 

variance 

% 

Rotation 

sum of 

squared 

loadings: 

variance 

% 

Attribute 

Loading 

Score 

Attribute 

Code 
Value Creation Attribute  

1 13.518 39.759 21.606 

.839 VFU30 Ensure roofing functional requirements well meet a satisfactory level of performance 

.809 VFU31 
Ensure interior construction functional requirements meet a satisfactory level of 

performance 

.778 VFU26 Provide functional ability of the foundations requirements (strength and stability) 

.760 VFU34 Ensure electrical functional meet a satisfactory level of performance 

.759 VFU32 Ensure functional requirements of site work meets a satisfactory level of performance 

.759 VFU27 Ensure substructure functional requirements meet a satisfactory level of performance 

.742 VFU29 
Ensure functional requirements of exterior closures meet a satisfactory level of 

performance 

.703 VFU28 Ensure superstructure functional requirements meet a satisfactory level of performance 

.683 VFU33 Ensure mechanical functional requirements  meet a satisfactory level of performance 

.548 VFU16 Maintain durability   

.495 VFU25 Reduce risk of failure   

2 3.196 9.399 12.622 

.689 VFU19 Maintain Security – health and safety   

.651 VFU21 Meet all statutory requirements and building regulations   

.647 VFU22 Ensure designed elements are standardised   

.615 VFU20 Suitability and maintainability of materials    

.531 VFU12 Allow/ease of/control/secure accessibility   

.525 VFU15 Provide durable building –last longer   

.522 VFU14 Assure convenience   

3 2.051 6.032 10.763 

.837 VFU11 Allow for space allowance   

.746 VFU7 Increase ease of use   

.720 VFU10 Achieve spatial quality   

.557 VFU13 Provide disability access   

.455 VFU6 Provide inherent possibilities and values in alternative uses   

4 1.529 4.496 7.987 

.827 VFU4 Offer flexibility and the potential to cater for user changes in the future 

.697 VFU5 Accommodate growth   

.623 VFU3 Provide function – fitness for purpose   

5 1.469 4.321 7.293 

.768 VFU1 Maintain adaptable building - useful to all  

.692 VFU2 Increase life of services  

.494 VFU9 Adequate size and efficiency (gross internal, net internal and net usable areas and ratio)  

.434 VFU8 Increase efficiency – add capacity   

6 1.379 4.057 6.838 
.841 VFU23 Configure design to enable an efficient construction process   

.782 VFU24 Ensure construction efficiency is considered in specification   

7 1.071 3.149 4.102 
.713 VFU17 Enable Buildability   

.430 VFU18 Create reliable building – safer   

 

The three new clusters presented in Table 9-10 are formed based on the seven extracted 

components and their most important value attributes, which are shown in Table 9-9. The 

new clusters are considered to comprise the relevant functional performance design indicators 

for assessing the value created by green building design.  

The variance percentage of each attribute is extracted from Table 9-9, and the percentage of 

variance of each cluster is calculated by summation of each component’s variance in the 

same generated cluster. For example, the Longevity cluster in Table 9-10 is one of two 

clusters for functional performance design indicators, and is composed of component 1 



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 157 

 

(variance of 21.606%), presenting VFU30, VFU31, VFU26, VFU34, VFU32, VFU27, 

VFU29, VFU28, VFU33, VFU16 and VFU25 as the main indicators of its group, component 

4 (variance of 7.987%), presenting VFU3 as the main indicator of its set, and component 6 

(variance of 6.838%), presenting VFU23 and VFU24 as the main indicators of its group. 

Consequently, the percentage of variance for this cluster (Longevity) in Table 9-10 is 

calculated by summation of the percentage of variance of its components. Therefore, the 

percentage of variance for the Accessibility and flexibility cluster is computed as 21.61 + 

7.987 + 6.84 = 36.44%. 

The functional performance attributes are grouped into three clusters, which are highly 

manageable without losing a large amount of data, and therefore just 100 – 71.21 = 28.7% of 

the existing information is compromised. Using the method of factor analysis and data 

reduction, the questionnaire’s 34 attributes are reduced to seven components, and then 

grouped/categorised into two fundamental clusters which include just 18 original attributes 

from the questionnaire that represent the most relevant data on functional performance design 

indicators for value creation. These final 18 indicators were extracted through the process of 

factor analysis and the weighted ranking of value attributes in Chapter 7. The final results of 

factor analysis and data reduction for the functional performance attributes are presented in 

Table 9-10 

Table 9-10 Factor Reduction for the Functional Performance: Two New Categories 

  Cluster  Variance % Component  Code Value attributes  

Functional 
Performance  

Longevity 36.44 

1 

VFU26 
Provide functional ability of the foundations requirements 
(strength and stability) 

VFU27 
Ensure substructure functional requirements meet a satisfactory 
level of performance 

VFU28 
Ensure superstructure functional requirements meet a satisfactory 
level of performance 

VFU2 Increase life of services  

4 VFU3 Provide function – fitness for purpose   

6 
VFU23 Configure design to enable an efficient construction process   

VFU24 Ensure construction efficiency is considered in specification   

Reliability 34.77 

2 

VFU19 Maintain Security – health and safety   

VFU21 Meet all statutory requirements and building regulations   

VFU22 Ensure designed elements are standardised   

VFU20 Suitability and maintainability of materials    

VFU15 Provide durable building –last longer   

VFU14 Assure convenience   

7 VFU18 Create reliable building – safer   

5 
VFU1 Maintain adaptable building - useful to all  

VFU8 Increase efficiency – add capacity   

3 
VFU13 Provide disability access   

VFU16 Maintain durability  
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 Operational Performance Attributes  9.4.4

Principal component analysis was used for the factor analysis process in order to find the 

operational performance attributes’ components. From Table 9-11, it can be seen that three 

components were extracted which carry Eigenvalues of more than 1 and account for 68.661% 

of the whole variance. Therefore, these three components are employed in this study instead 

of the 16 attributes. 

Table 9-11 Total Variance Explained for Operational Performance Attributes 

Component 

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 

Total 
% of 

Variance 
Cumulative 

% Total 
% of 

Variance 
Cumulative 

% Total 
% of 

Variance 
Cumulative 

% 

1 
8.059 50.366 50.366 8.059 50.366 50.366 4.538 28.364 28.364 

2 
1.512 9.453 59.819 1.512 9.453 59.819 3.632 22.699 51.062 

3 
1.415 8.842 68.661 1.415 8.842 68.661 2.816 17.599 68.661 

4 
.985 6.159 74.821             

5 
.831 5.195 80.015             

. . . .             

. . . .             

. . . .             

15 
.133 .833 99.456             

16 
.087 .544 100.000             

 

Figure 9-4 presents a further check for identifying the most important components in the 

operational performance attributes: a scree plot of components and Eigenvalues. The 

Eigenvalues with a value larger than 1 are located on the sharp slope. It can be seen that the 

point of interest was defined between components 3 and 4, where the curve connects the 

points, and then it starts to become slightly horizontal. The Eigenvalue for component 3 is 

1.415, which is higher than 1 and so needs to be taken into account, and the Eigenvalue for 

component 4 is 0.985, which is less than 1, are placed in the figure should be rejected. 

Therefore, only three components will be considered in this study. 
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Figure 9-4 Scree plot of operational performance components 

 

The next stage is to generate a rotated component matrix to find out which value attributes 

have a more effective influence on each component. The attributes with the highest scores 

and correlation values are chosen for each component. For instance, in the results shown in 

Table 17 (see appendix B) the value attribute VOP1 (0.876) has greater influence on 

component 3 compared to other components, whereas the value attribute VOP14 (0.855) has 

more influence on component 2. 

 

The results of the operational performance are shown in Table 9.12. The table shows the 

strength of the relationship between the variables, and the extracted matrix of correlation 

coefficients, and then the components that have an Eigenvalue of 1 and more are extracted 

from the matrix. The results illustrate the variables that correlate highly with a set of other 

variables. Component 1 has an Eigenvalue of 8.059 and variance of 28.364% within six 

attributes that have a loading score of more than 0.4. In addition, component 3 has an 

Eigenvalue of 1.415 and variance of 17.599% within four attributes that have a loading score 

of more than 0.4. The clustering stage will eliminate redundant data. 
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Table 9-12 Operational performance components 

Operational 

Performance 

Components 

Extracted 

Eigenvalue 

Extraction 

sum of 

squared 

loadings: 

variance 

% 

Rotation 

sum of 

squared 

loadings: 

variance 

% 

Attribute 

Loading 

Score 

Attribute 

Code 
Value Creation Attribute  

1 8.059 50.366 28.364 

.838 VOP8 Easy to operate    

.836 VOP6 Easy to maintain   

.814 VOP9 Easy to inspect and maintain    

.777 VOP10 Ease of running and managing the building’s equipment   

.758 VOP5 Easy to clean   

.729 VOP7 Easy to manage  

2 1.512 9.453 22.699 

.855 VOP14 Provide security services    

.853 VOP13 Accommodate telecommunications    

.641 VOP16 Improve waste management - reducing and dealing with waste    

.640 VOP12 Manage maintenance and servicing of equipment    

.619 VOP11 Provide building systems that are easy to operate and control    

.538 VOP15 Reduce operational risk    

3 1.415 8.842 17.599 

.876 VOP1 Reduce/minimise/save energy usage   

.787 VOP2 Maintain efficiency in terms of energy   

.616 VOP3 Increase efficiency of utilities   

.558 VOP4 Increase efficiency of heating, cooling and lighting   

 

The two new clusters shown in Table 9-13 are formed based on the three extracted 

components and their most important value attributes, which are shown in Table 9-12. The 

new clusters are considered to comprise the relevant operational performance design 

indicators for assessing the value created by green building design.  

The variance percentage of each attribute is extracted from Table 9-12, and the percentage of 

variance of each cluster is calculated by summation of each component’s variance in the 

same generated cluster. Therefore, the percentage of variance for the Manageability cluster is 

computed from components 1 and 2, and the percentage of variance for Energy and 

efficiency is accounted for by component 3.  

The operational performance is categorised into two clusters, which are highly manageable 

without losing lots of data, and therefore just 100 – 68.661 = 31.34% of the existing 

information is compromised. Using the method of factor analysis and data reduction, the 

questionnaire’s 16 attributes are reduced to three components, and then grouped/categorised 

into two pivotal clusters which include just nine original attributes from the questionnaire that 

represent the most relevant data on operational performance design indicators for value 

creation. The final nine indicators were extracted from the process of factor analysis and the 

weighted ranking of value attributes in Chapter 7. The final results of factor analysis and data 

reduction for the operational performance attributes are presented in Table 9-13 
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Table 9-13 Factor Reduction for the Operational Performance: Two New Categories 

  Cluster  Variance % Component  Code Value attributes  

Operational 
Performance  

Manageability 51.063 

1 

VOP8 Easy to operate    

VOP6 Easy  to maintain   

VOP9 Easy to inspect and maintain    

2 
VOP11 

Provide building systems that are easy to operate and 
control    

VOP15 Reduce operational risk    

Energy  and 

efficiency 
17.599 3 

VOP1 Reduce/minimise/save energy usage   

VOP2 Maintain efficiency in terms of energy   

VOP3 Increase efficiency of utilities   

VOP4 Increase efficiency of heating, cooling and lighting   

 

 Environmental Performance Attributes 9.4.5

The process of factor analysis, as mentioned before, begins by extracting a matrix of 

correlation coefficients, and then extracting the components that have an Eigenvalue of 1 and 

more from the matrix; this is the most common method of extraction in principal component 

analysis. The extracted components are shown in the following table, Table 9-14, where total 

variance is displayed. The data reduction process is looking for variables which correlate 

highly with a set of other variables; as illustrated in the table, four components have an 

Eigenvalue of larger than 1 and account for 74.475% of the whole variance; they will be 

selected for further analysis. 

Table 9-14 Total Variance Explained for Environmental Performance Attributes 

Component 

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 

Total 
% of 

Variance 
Cumulative 

% Total 
% of 

Variance 
Cumulative 

% Total 
% of 

Variance 
Cumulative 

% 

1 
8.036 50.227 50.227 8.036 50.227 50.227 3.509 21.933 21.933 

2 
1.515 9.468 59.696 1.515 9.468 59.696 2.970 18.560 40.493 

3 
1.287 8.044 67.739 1.287 8.044 67.739 2.958 18.490 58.983 

4 
1.078 6.735 74.475 1.078 6.735 74.475 2.479 15.492 74.475 

5 
.657 4.104 78.579             

6 
.611 3.818 82.397             

. . . .             

. . . .             

. . . .             

15 
.129 .809 99.405             

16 
.095 .595 100.000             

 

Furthermore, the following figure, Figure 9-5, shows the scree plot for the Eigenvalues and 

components. The figure shows a sharp drop in Eigenvalues between component 1 and the 
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rest. The Eigenvalue for the components (component 1: 8.036, component 2: 1.515, 

component 3: 1.287, component 4: 1.078) after these components the plot curve declines and 

seems to flatten and become horizontal for Eigenvalues of less than 1.     

 

Figure 9-5 Scree plot of environmental performance components 

The next stage generates a rotated component matrix to find out which environmental value 

attributes have a more effective influence on each component. The loading score of each 

attribute in the component is illustrated in the rotated component matrix in Table 18 (see 

appendix B). For example, the value attribute VEN2 (0.874) has greater influence on 

component 4 compared to other components, whereas the value attribute VEN3 (0.750) has 

more influence on component 2. The process is used for all the Environmental value 

attributes and components to extract the most important attributes for each component. 

The summary of the factor analysis for the environmental performance is shown in Table 

9.15. The table shows the strength of the relationship between the variables, and the extracted 

matrix of correlation coefficients, and then the components that have an Eigenvalue of more 

than 1 are extracted from this matrix. The result illustrates the variables which correlate 

highly with a set of other variables. The Eigenvalues for the components varied between 

8.036 and 1.078 and the rotated variance load was between 21.933% and 15.492%. Each 

component has more than three attributes which have a loading score of more than 0.4. The 

value attributes that have a loading score of more than 0.4 will be reduced and redundant data 

will be eliminated in the clustering stage in order to obtain a few variables that present the 

characteristics for value creation indicators. 
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Table 9-15 Environmental performance components 

Environmental 

Performance 

Components 

Extracted 

Eigenvalue 

Extraction 

sum of 

squared 

loadings: 

variance 

% 

Rotation 

sum of 

squared 

loadings: 

variance 

% 

Attribute 

Loading 

Score 

Attribute 

Code 
Value Creation Attribute  

1 8.036 50.227 21.933 

.844 VEN6 
Ensure lighting and acoustic criteria for the facility design meet a 

satisfactory level of performance 

.800 VEN5 Increase use of natural ventilation   

.750 VEN3 Provide indoor environmental quality   

.704 VEN4 Access to natural light, management of air quality and temperature  

.584 VEN7 
Specifying low-maintenance, durable, environmentally preferable 

materials and equipment 

2 1.515 9.468 18.560 

.746 VEN8 Maximise resource reuse   

.746 VEN16 Obtain environmental certification from appropriate bodies  

.689 VEN9 Use renewable or recyclable resources    

.660 VEN15 Design for minimum waste      

3 1.287 8.044 18.490 

.841 VEN12 Respond to site microclimate    

.811 VEN14 Consider people and their local environment    

.779 VEN13 Conform/ adapt to future changes    

.505 VEN11 Conserve water resources    

4 1.078 6.735 15.492 

.892 VEN1 Provide low carbon in use   

.874 VEN2 Accommodate energy and carbon efficiency   

.458 VEN10 Minimise consumption of resources    

 

The following table, Table 9-16, shows the two new clusters based on the four extracted 

components and their most important value attributes, which are shown in Table 9.18. The 

new clusters are considered to comprise the relevant environmental performance design 

indicators for assessing the value created by green building design.  

The percentage of variance of each cluster is calculated by summation of each component’s 

variance in the same generated cluster. The eco-resources cluster has a variance of 37.425% 

and Adaptability has a variance of 37.05%. The environmental performance attributes are 

categorised into two clusters, which are highly manageable without losing a large amount of 

data, and consequently just 100 – 74.475 = 25.525% of the existing information is 

compromised. Using the method of factor analysis and data reduction, the questionnaire’s 16 

attributes are reduced to four components, and then grouped/categorised into two 

fundamental clusters which include half of the original attributes from the questionnaire that 

represent the most relevant data on environmental performance design indicators for value 

creation. The final eight indicators were extracted from the process of factor analysis and the 

weighted ranking of value attributes in Chapter 7. The final results of factor analysis and data 

reduction for the environmental performance attributes are presented in Table 9-16. 
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Table 9-16 Factor Reduction for the Environmental Performance: Two New Categories 

 Cluster  
Variance 

% 
Component  Code Value attributes  

Environmental 

Performance  

Eco-

resources 
37.425 

1 

VEN5 Increase use of natural ventilation   

VEN3 Provide indoor environmental quality   

VEN4 
Access to natural light, management of air quality and 

temperature  

VEN7 
Specifying low-maintenance, durable, environmentally 

preferable materials and equipment 

4 VEN10 Minimise consumption of resources    

Adaptability 37.05 

2 VEN8 Maximise resource reuse   

3 
VEN12 Respond to site microclimate    

VEN11 Conserve water resources    

 

 Management Performance Attributes  9.4.6

Using the following table, Table 9-17, total variance is displayed for management 

performance attributes in order to generate a matrix of correlation coefficients by principal 

component analysis and then extract the components that have an Eigenvalue one of 1. It can 

be seen that the extracted components have a cumulative variance of 66.568% for the first 

two components, which will be taken into account as representative of the whole attributes. 

The Eigenvalue for component 1 is 6.936 and for component 2 it is 1.053 and so these two 

components were selected for further analysis. 

Table 9-17 Total Variance Explained for Management Performance Attributes 

Component 

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 

Total 
% of 

Variance 
Cumulative 

% Total 
% of 

Variance 
Cumulative 

% Total 
% of 

Variance 
Cumulative 

% 

1 
6.936 57.797 57.797 6.936 57.797 57.797 4.327 36.062 36.062 

2 
1.053 8.771 66.568 1.053 8.771 66.568 3.661 30.506 66.568 

3 
.859 7.157 73.725             

4 
.629 5.244 78.969             

. . . .             

. . . .             

. . . .             

11 
.187 1.555 99.077             

12 
.111 .923 100.000             
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The process was continued by checking the scree plot curve in order to show the components 

that have an Eigenvalue of more than 1. The following figure, Figure 9-6, illustrated the plot 

curve for the management performance components. It can be seen the point of interest was 

defined between components 2 and 3, where the curve connects the points, and then it starts 

to become slightly horizontal. Component 2 has an Eigenvalue of 1.053, which is acceptable 

for further analysis; however, component 3 has one of 0.859 and the followed components, 

which are lower than 1, should be ignored.   

 

Figure 9-6 Scree plot of management performance components 

The next stage generates a rotated component matrix to find out which management 

performance attributes have a more effective influence on each component. The attributes 

with the highest scores and correlation values are chosen for each component. For instance, in 

the results in Table 19 (see appendix B) the value attribute VMA1 (0.671) has greater 

influence on component 2 compared to component 1, whereas the value attribute VMA12 

(0.745) has more influence on component 1. The process is used for all the management 

performance attributes in order to extract the most important attributes for each component, 

ignoring loading scores of less than 0.4 Then each component was renamed based on its most 

significant attributes to achieve a manageable subset of variables that present the majority of 

value creation attributes. 

The management performance components are shown in Table 9-18. The table shows that 

two components with an Eigenvalue of more than 1 were extracted from the matrix of 

correlation coefficients. The result illustrates the variables which correlate highly with a set 
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of other variables. The Eigenvalues for the components varied between 6.963 for component 

1 and 1.053 for component 2 and the rotated variance load varied between 36.062% and 

30.506%. Each component has more than three attributes which have a loading score of more 

than 0.4. The value attributes that have a loading score of more than 0.4 will be reduced and  

redundant data eliminated in order to obtain a few variables that represent the characteristics 

for value creation indicators. 

Table 9-18 Management performance components 

Management 

Performance 

Components 

Extracted 

Eigenvalue 

Extraction 

sum of 

squared 

loadings: 

variance 

% 

Rotation 

sum of 

squared 

loadings: 

variance 

% 

Attribute 

Loading 

Score 

Attribute 

Code 
Value Creation Attribute  

1 6.936 57.797 36.062 

.877 VMA9 Able to design to scope/cost/budget/schedule/quality 

.835 VMA10 Able to construct to scope/cost/budget/schedule/quality 

.776 VMA8 Maximise organisational efficiency    

.745 VMA12 Maintain Stakeholders interaction – accountability/clear expectations  

.662 VMA11 Completed to specification   

.627 VMA6 Produce effective plans to achieve the project objectives    

2 1.053 8.771 30.506 

.802 VMA3 Create strategic planning    

.775 VMA4 Choose an appropriate procurement approach    

.696 VMA2 Provide risk management   

.671 VMA1 Provide effective project management and delivery   

.593 VMA7 Lead work design and delivery planning    

.592 VMA5 Provide cost control to achieve the project objectives    

 

The two components presented in Table 9-19 are formed based on the components extracted 

by the principal components method and their most important value attributes are shown in 

Table 9-18. The new clusters are considered to comprise the relevant management 

performance design indicators for assessing the value created by green building design.  

 

The variance percentage of each attribute is extracted from Table 9-18, and the percentage of 

variance of each cluster is found through the component variance. The first cluster is named 

as the control and has a percentage of variance of 36.062% and the second cluster is named 

planning and has a variance of 30.506%. 

 

The management performance attributes are grouped into two clusters, which are highly 

manageable without losing a large amount of data, and therefore just 100 – 66.568 = 33.4% 

of the existing information is compromised. Using the method of factor analysis and data 
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reduction, the questionnaire’s 12 attributes are reduced to two pivotal clusters which include 

only six original attributes from the questionnaire that represent the most applicable data on 

management performance design indicators for value creation. The final six indicators were 

extracted from the process of factor analysis and the weighted ranking of value attributes in 

Chapter 7. The final results of factor analysis and data reduction for the functional 

performance attributes are presented in Table 9-19. 

 

 

Table 9-19 Factor Reduction for the Management Performance: Two Categories 

 Cluster  Variance % Component  Code Value attributes  

Management 

Performance  

Control 36.062 1 

VMA10 Able to construct to scope/cost/budget/schedule/quality 

VMA11 Completed to specification   

VMA6 Produce effective plans to achieve the project objectives    

Planning 30.506 2 

VMA3 Create strategic planning    

VMA1 Provide effective project management and delivery   

VMA5 Provide cost control to achieve the project objectives    

 

 

 Risk Factors 9.4.7

The factor analysis process begins by finding the strength of the relationship between the 

variables, and then generating a matrix of correlation coefficients and extracting the 

components by the principal component analysis method. The extracted components can be 

seen in Table 9-20. The likelihood of risk factors impacting on the value created by green 

building design shows that just 17 components carry an Eigenvalue of more than 1 and 

account for nearly 79.939% of the whole variance. Consequently, the 17 components can be 

considered as representative of the 66 factors included in this study. 
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Table 9-20 Total Variance Explained for Risk Factors 

Component 

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 

Total 
% of 

Variance 
Cumulative 

% Total 
% of 

Variance 
Cumulative 

% Total 
% of 

Variance 
Cumulative 

% 

1 
22.380 33.909 33.909 22.380 33.909 33.909 6.027 9.132 9.132 

2 
4.154 6.294 40.203 4.154 6.294 40.203 5.499 8.332 17.464 

3 
3.418 5.179 45.382 3.418 5.179 45.382 5.036 7.630 25.094 

4 
2.988 4.527 49.909 2.988 4.527 49.909 4.364 6.613 31.707 

5 
2.640 4.000 53.909 2.640 4.000 53.909 3.506 5.312 37.019 

6 
2.599 3.938 57.846 2.599 3.938 57.846 3.341 5.062 42.081 

7 
2.200 3.334 61.180 2.200 3.334 61.180 3.195 4.841 46.921 

8 
1.975 2.993 64.173 1.975 2.993 64.173 3.143 4.762 51.683 

9 
1.721 2.608 66.781 1.721 2.608 66.781 3.039 4.605 56.289 

10 
1.540 2.333 69.113 1.540 2.333 69.113 2.863 4.338 60.627 

11 
1.403 2.126 71.240 1.403 2.126 71.240 2.432 3.686 64.312 

12 
1.312 1.988 73.228 1.312 1.988 73.228 2.386 3.615 67.927 

13 
1.273 1.930 75.157 1.273 1.930 75.157 2.311 3.501 71.428 

14 
1.101 1.668 76.826 1.101 1.668 76.826 2.039 3.090 74.518 

15 
1.040 1.576 78.401 1.040 1.576 78.401 1.844 2.793 77.311 

16 
1.015 1.538 79.939 1.015 1.538 79.939 1.735 2.628 79.939 

17 
.918 1.390 81.330             

18 
.832 1.260 82.590             

. . . .             

. . . .             

. . . .             

65 
.009 .014 99.991             

66 
.006 .009 100.000             

 

Ana additional method of presenting the most significant factors of the study can be found 

through presentation of a scree plot of data, as illustrated in the following figure, Figure 9-7. 
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Figure 9-7 Scree plot of risk components 

 

The scree plot is proposed in order to provide a graphical picture of the Eigenvalue for each 

component. The curved line shows that the slope is reducing, while it is moving towards the 

components that have an Eigenvalue of less than 1. It can be seen that the curve starts to 

slightly flatten out and become horizontal after component 17. The sharp slope of the curve 

indicates where the Eigenvalues with a value larger than 1 are located. 

The following phase is the extraction of a rotated component matrix in order to find out 

which risk factors have the highest level of influence on project value creation. This level of 

influence is illustrated in Table 20 (see appendix B) where the matrix loading scores are 

presented. The method is used to extract the most effective factors of each component. The 

factors with the highest scores and correlation values are chosen for each component. For 

example, from Table 20 (see appendix B), the risk factor (R1; 0.808) has greater influence on 

component 13 compared to other components, whereas the risk factor (R46 (0.843) has more 

influence on component 4 in relation to other components, and (R57 (0.762) has more 

influence on component 9 in relation to other components. This method is used for all the risk 

factors and components to extract the most important attributes for each component. 

The summary of factor analysis for the risk factors is shown in Table 9-21. The table shows 

the strength of the relationship between the variables, and the extracted matrix of correlation 
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coefficients, and then extract the components that have an Eigenvalue of more than 1 from 

the matrix of correlation coefficients. The result presents the variables which correlate highly 

with a set of other variables. The Eigenvalues for the components varied between component 

1: 33.909 and component 2: 1.538, and the rotated variance load varied between 9.132% and 

2.628%, respectively. Each component has more than two factors with a loading score of 

more than 0.4. The value attributes that have a loading score of more than 0.4 will be reduced 

and redundant data will be eliminated in the clustering stage in order to obtain a few variables 

that present the risk characteristics and their impacts on value created by green building 

design. Further reduction will be considered in the following section based on their ranking 

by the professionals as shown in Chapter 7, Descriptive statistics and data ranking. 

Table 9-21 Risk factor components 

Risk Factor 

Components 

Extracted 

eigenvalue 

Extraction 

sum of 

squared 

loadings: 

variance 

% 

Rotation 

sum of 

squared 

loadings: 

variance 

% 

Factor 

Loading 

Score 

Factor 

Code 
Risk Factor 

1 22.380 33.909 9.132 

.801 R13 Failure to identify cost-to-worth relationships   

.796 R11 Failure to recognise cost-value mismatches    

.781 R10 Failure to identify cost-value relationships   

.780 R14 Failure to link or identify performance-to-cost relationships   

.600 R8 Failure to consider the cost of losing potential revenue    

.598 R12 Failure to appropriately locate cost-to-function allocation 

.528 R9 Uncertainty about prices     

.425 R5 Inappropriate cost evaluation criteria    

2 4.154 6.294 8.332 

.858 R27 Failure to identify appropriate alternative function    

.788 R26 Unsuitable functional analysis    

.744 R25 Failure to identify and understand functions    

.691 R24 Failure to examine attributes which have no useful function 

.539 R23 Failure to consider changes to current design standards    

.481 R59 
Failure to identify complex items or processes with little or no value 

added to the facility 

.529 R47 Failure to consider implication of environmental risks      

3 3.418 5.179 7.630 

.822 R61 Lack of considering early failure of components and equipment       

.726 R60 Failure to consider rate of deterioration of components     

.709 R65 Incorrect estimated cost of maintenance    

.641 R62 
Failure to consider delay and higher cost due to bad weather conditions 

during construction 

.626 R63 Incorrect cost estimate    

.527 R66 Incorrect estimated cost of energy used    

4 2.988 4.527 6.613 

.843 R46 Limited knowledge of maintenance issues       

.734 R48 Lack of background information     

.639 R44 Failure to consider increase in routine maintenance    

.592 R45 Failure to consider increase in life cycle replacement       

.540 R39 Failure to consider design impact on operating efficiency   

5 2.640 4.000 5.312 

.723 R42 Failure to consider component repair and replacement   

.717 R41 Failure to consider construction health and safety    

.602 R43 Failure to consider maintainability and  reparability impact   

.423 R40 Insufficient space and capacity    

6 2.599 3.938 5.062 

.724 R50 Poor definition of the scope and objectives of projects      

.699 R51 Project scope Unscheduled Items       

.580 R58 Failure to build to design      

.494 R52 Failure to consider construction Techniques     

.465 R49 Poor project management       
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7 2.200 3.334 4.841 

.785 R4 Inadequate inflation forecasts    

.649 R6 Failure to consider future operational costs     

.598 R3 Failure to consider implication of economic conditions     

.454 R15 Failure to consider constructability issues   

8 1.975 2.993 4.762 

.789 R20 Failure to consider construction implications during design    

.732 R19 Failure to design to brief/specification    

.502 R18 Failure to translate specification into the design    

.497 R17 Failure to examine specifications due to unnecessary expense 

9 1.721 2.608 4.605 

.762 R57 Improper project planning and budgeting     

.728 R56 Failure to consider procurement method      

.586 R64 Incorrect time estimate    

.493 R53 Lack of coordination and decision making     

10 1.540 2.333 4.338 

.633 R31 Failure to consider new/change in technology   

.597 R33 
Failure to integrate the various systems to achieve the lowest life-cycle 

costs 

.577 R29 Unproven construction techniques     

.498 R16 Failure to appreciate design uncertainty    

.407 R32 Failure to meet performance or design standards    

11 1.403 2.126 3.686 
.773 R21 Design changes    

.702 R22 Redesign / rework    

12 1.312 1.988 3.615 
.614 R38 Failure to consider obsolescence  of equipment impact 

.589 R37 Failure to consider Inter-dependence between components in design    

13 1.273 1.930 3.501 
.808 R1 Insufficient funding    

.499 R2 Funding is unavailable  

14 1.101 1.668 3.090 
.762 R35 Failure to identify low-value, long-lead-time items 

.550 R36 Failure to consider design risks   

15 1.040 1.576 2.793 
.612 R7 Failure to recognise cost as resource expenditure    

.456 R30 Failure to consider legislative/regulation Issues   

16 1.015 1.538 2.628 
.625 R54 Poor Team Relationships     

.468 R28 Poor design that may lead to higher operation costs    

 

The factor analysis and data reduction results for five new clusters are presented in Table 9-

22, which are moulded based on the 16 extracted components and their most important risk 

factors, which are shown in Table 9-21. The new clusters are considered as risk indicator 

clusters that impact value creation. They can be considered into considerations to manage the 

project risks at tolerance level. 

The variance percentage of each indicator is extracted from Table 9-21, and the percentage of 

variance of each cluster is calculated by summation of each component’s variance in the 

same generated cluster. For example, the Functional risk cluster in Table 9-22 is one of five 

clusters for impact of risk indicators on value creation; it is composed of component 8 

(variance of 4.762%), presenting R20, R19 and R17 as the main indicators of its group, 

component 11 (variance of 3.686%), presenting R21 and R22 as the main indicators of its 

group, component 10 (variance of 4.338%), presenting R33 as the main indicator of its set, 

and component 14 (variance of 3.501%), presenting R35 and R36 as the main indicators of its 

set. Consequently, the percentage of variance for this cluster (Functional risk) in Table 9-22 

is calculated by summation of the percentage of variance of its components. Therefore, the 
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percentage of variance for the Accessibility and flexibility cluster is computed as 4.762 + 

3.686 + 4.338 + 3.501 = 15.876% 

The risk factors are clustered into five clusters, which are highly manageable without losing a 

large amount of data, and therefore just 100 – 79.939 = 20.06% of the existing information is 

compromised. Using the method of factor analysis and data reduction, the questionnaire’s 66 

factors are reduced to 16 components, and then grouped/categorised into five fundamental 

clusters which include just 35 original factors from the questionnaire that represent the most 

relevant data on risk indicators that impact value creation. The final 35 indicators were 

extracted from the process of factor analysis and the weighted ranking of risk factors in 

Chapter 7. The final results of factor analysis and data reduction for the risk factors are 

presented in Table 9-22. 

Table 9-22 Factor Reduction for the Risk Factors: Five New Categories 

Cluster  Variance % Component Code Risk Factors 

Financial Risks 27.897 

1 

R11 Failure to recognise cost-value mismatches    

R10 Failure to identify cost-value relationships   

R8 Failure to consider the cost of losing potential revenue    

R12 Failure to appropriately locate cost-to-function allocation 

R9 Uncertainty about prices     

R5 Inappropriate cost evaluation criteria    

7 
R6 Failure to consider future operational costs     

R3 Failure to consider implication of economic conditions     

13 R1 Insufficient funding    

15 R7 Failure to recognise cost as resource expenditure    

3 

R65 Incorrect estimated cost of maintenance    

R63 Incorrect cost estimate    

R66 Incorrect estimated cost of energy used    

Functional Risks 15.876 

8 

R20 Failure to consider construction implications during design    

R19 Failure to design to brief/specification    

R17 Failure to examine specifications due to unnecessary expense 

10 R33 
Failure to integrate the various systems to achieve the lowest life-

cycle costs 

11 
R21 Design changes    

R22 Redesign / rework    

14 
R35 Failure to identify low-value, long-lead-time items 

R36 Failure to consider design risks   

Operational Risks 6.613 4 

R44 Failure to consider increase in routine maintenance    

R45 Failure to consider increase in life cycle replacement       

R39 Failure to consider design impact on operating efficiency   

Environmental 

Risks 
17.259 

12 R38 Failure to consider obsolescence  of equipment impact  

5 R43 Failure to consider maintainability and  reparability impact   

2 R47 Failure to consider implication of environmental risks      

Management 

Risks 
12.295 

6 

R49 Poor project management       

R50 Poor definition of the scope and objectives of projects      

R51 Project scope Unscheduled Items       

9 

R57 Improper project planning and budgeting     

R53 Lack of coordination and decision making     

R64 Incorrect time estimate    

16 
R54 Poor Team Relationships     

R28 Poor design that may lead to higher operation costs    
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 Interpretation of the Clusters 9.5

The following section discusses and presents the selected clusters under the related value 

creation indicators and clarifies them based on the selected indicators and their relationship 

between. Value can be added to a project from an investment point of view in order to reach 

the optimum value creation, which leads to corporate financial planning and more growth of 

the investment. Therefore, the design team should consider the following value creation 

indicators in their design quality indicators.      

 Financial Value Creation Indicators 9.5.1

In building design, it is essential to optimise financial investment in order to achieve project 

value creation. The financial value creation for building design involves financial and 

monetary aspects of an asset/building over its whole life cycle. It is divided into two main 

groups: Operational Expenditure (OPEX) and Capital Expenditure (CAPEX). Each group has 

some indicators which can be used as financial drivers for project value creation. The 

following explains each group as shown in Table 9-7: 

 Cluster 1: OPEX 9.5.1.1

OPEX comprises components 1 and 6 in the financial performance attributes and represents 

32.22% of the total explained variance. Five value indicators make up this cluster and they 

relate to expenses incurred during the conduction of usual business. OPEX embraces five 

indicators: efficiency of operational expenditure, improve economic efficiency, optimise risk-

return of alternative options, increase economic lifetime and maximise residual value. The 

OPEX running costs should be considered over the long term for maintenance and repair, 

utilities, rent, etc., of a building over its whole life cycle in order to optimise the financial 

investment.   

 Cluster 2: CAPEX 9.5.1.2

The indicators in this CAPEX cluster are more about the expenses used to create future 

benefit by gaining new assets such as a building or upgrading existing ones in order to 

increase the asset’s value. The cluster consists of components 2, 3, 4 and 5 in the financial 

performance attributes with a total variance 44.33%. The selected five indicators in this 

cluster are: maximise the cost efficiency to build, efficiency of capital expenditure, return on 

investment, minimise cost of capital and deliver/achieve cost certainty.   



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 174 

 

 Functional Value Creation Indicators 9.5.2

Achieving high asset function reliability is one of the main aspects of project value creation 

that should be considered in building design. A building’s functional performance involves 

longevity and reliability to achieve value created by the building’s design, which reflects 

functional clusters. Each cluster has some indicators which can be used as asset growth 

drivers for  project value creation. The following explains each cluster as shown in Table 9-

10: 

 Cluster 1: Longevity  9.5.2.1

The cluster refers to the building characteristics which enable a building to meet a 

satisfactory level of performance during its projected life. Longevity embraces seven 

indicators: foundations are stable and strong, substructure meets the requirements, 

superstructure meets the requirements, the construction efficiency is considered in the 

specification, the design is organised to enable an efficient construction process and all 

functions are fit for purpose. Longevity comprises components 1, 4 and 6 in the functional 

performance attributes and represents 36.44% of the total explained variance. 

 Cluster 2: Reliability 9.5.2.2

Reliability is one of the most important aspects that must be considered in building design to 

enable the asset to achieve a highly functional performance in order to obtain value creation. 

Reliability is the ability of a building to dependably perform its required functions under 

specified conditions for a period of time. A reliable building is one that is secure and safe, 

including proper health and safety, incorporating building elements designed to statutory 

requirements and regulations, using sustainable and maintainable materials, which are long-

lasting and efficient, and which is convenient and useful for all, i.e. an adaptable building 

which offers  easy access to the occupants, especially disabled ones. The reliability cluster 

consists of components 2, 3, 7 and 5 in the functional performance attributes and comprises 

10 indicators with a variance of 34.77%. 

 Operational Value Creation Indicators 9.5.3

The building’s operation is one of the most important aspects to be considered in the building 

design to optimise asset operation. The value created by a building’s operational performance 

can be measured by its manageability and its energy and efficiency during its lifetime. 

Therefore, it can be said that the operational indicators represent part of the efficiency drivers 
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in the quality design indictors to obtain value creation. The following explains each group as 

shown in Table 9-13:  

 Cluster 1: Manageability 9.5.3.1

The operational manageability indicators they provide designers with a good idea of how the 

building needs to be designed based on its future use. The building’s systems and functions 

should be easy to control, operate, maintain and inspect and be safe, with a low risk during 

operation. Reducing the system/building complexity results in a building that is easy to 

operate. The value creation indictors in this group are made up of five indicators selected 

from components 1 and 2 with a total variance of 51.063% of the operational performance 

attributes. 

 Cluster 2: Energy and Efficiency 9.5.3.2

Saving energy and having the most effective energy for utilities, heating and cooling, and 

lighting provides optimum asset operation. Considering these indicators during the design 

results in a building with high operational performance, adequate place to use, which is 

environmentally friendly and reduces operational costs. The energy and efficiency cluster 

comprises four indicators and has a variance of 17.599% % of the operational performance 

attributes’ explained variance. 

 Environmental Value Creation Indicators  9.5.4

In a building’s design, it is essential to maintain a safe environmental impact in order to 

achieve project value creation. The environmental value creation indicators can be assessed 

by the building’s efficiency. The environmental performance consists of two main groups: 

environmentally friendly resources and adaptability. The following explains each cluster as 

shown in Table 9-16: 

 Cluster 1: Eco-Resources  9.5.4.1

There are many routes by which to obtain an environmental friendly or eco-friendly building 

based on using construction techniques developed over history which respond to their local 

environmental concerns and the resources used. The friendly resource cluster consists of five 

indicators for increasing the building’s efficiency and reducing the operational costs and 

providing an adequate building for use. These are: having good indoor quality, using natural 

ventilation and light, management of the air quality and temperature within the building, 

using environmentally preferable materials and equipment, and minimising consumption of 

resources.      
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 Cluster 2: Adaptability 9.5.4.2

The environmental adaptability indicators comprise components 2 and 3 in the environmental 

performance attributes with a total variance of 30.517%. The selected three indicators in this 

cluster are: respond to site microclimate, conserve water resources and maximise resource 

reuse. Therefore, it can be said that adaptability results in an efficient building which has a 

longer life and can be resilient to any future changes.   

 Management Value Creation Indicators 9.5.5

The management indicators drive the creation of high-performing project management. A 

project’s management should be able to plan and control the work in order to achieve project 

value creation and achieve project satisfaction. The following explains each group as shown 

in Table 9-19: 

 Cluster 1: Control  9.5.5.1

The control cluster consists of three selected indicators in the management performance 

attributes with a variance of 36.062%. The efficiency of the control can be assessed by the 

ability to construct to scope/cost/budget/schedule/quality and complete within the 

specification as well as achieve the project objectives.  

 Cluster 2: Planning 9.5.5.2

The planning cluster comprises three indicators of the management performance attributes 

with a variance of 30.506%. An effective plan can be taken through creation of strategic 

planning, provision of project management and delivery and provision of cost control to 

achieve the project objectives.   

 Risk Indicators that Impact on Value Creation 9.5.6

From the analysis, only 35 risk factors out of the initial 66 were selected and account for 

79.939 % of the variance that could be explained. These final 35 risk indicators were 

extracted through the process of factor analysis and the weighted ranking of risk factors in 

Chapter 7. The 16 components extracted from the factor analysis were clustered together to 

form a few clusters that have some common themes. The analysis shows that five main 

clusters developed: financial risk, functional risk, operational risk, environmental risk and 

management risk, as shown in Table 9-22. The selected risk indicators have the most 

significant influence on project value creation. Therefore, it is important to take them into 

design consideration to avoid/manage and keep them at tolerance level. The presence of a 
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high number of risk factors has a negative impact on value creation, i.e. they might destroy 

the project life cycle value.  

 Cluster 1: Financial Risk  9.5.6.1

The cluster of financial risk comprises components 1, 3, 7, 13 and 15 and represents 28.44% 

of the total explained variance. The cluster represents 13 risk indicators that have an impact 

on project value creation. The likelihood of the impact of these risks would have a large 

influence on financial investment, especially CAPEX and OPEX. The risk indicators in this 

group should be considered during the early stage of a design because they reflect the impact 

on economic and monetary aspects for the project’s life. The selected indicators are: failure to 

recognise cost-value mismatches, failure to identify cost-value relationships, failure to 

consider the cost of losing potential revenue, failure to appropriately locate cost to function 

allocation, and failure to consider future operational costs and economic conditions as well as 

incorrect estimated cost and/or insufficient funding.   

 Cluster 2: Functional Risk 9.5.6.2

The functional risk cluster identifies the risk indicators that impact the functional 

performance and affect the asset’s functional reliability. The cluster consists of eight risk 

indicators distributed into four components, which are components 8, 10, 11 and 14, with a 

total variance of 15.876%. The risks relate to design considerations such as construction 

implication, specification, systems and/or changes in design.  

 Cluster 3: Operational Risk  9.5.6.3

The operational risk cluster variance is 6.613% and comprises three risk indicators: failure to 

increase routine maintenance, failure to consider increase in life cycle replacement and 

failure to consider design impact on operating efficiency. The impacts of these indicators 

might have a large effect on project life efficiency.  

 Cluster 4: Environmental Risk   9.5.6.4

The environmental risk cluster consists of components 2, 5 and 12 with a variance of 

17.259% and three risk indicators. These risks could have a negative effect on the building’s 

efficiency and might also have an unsafe environmental impact. The selected risk indicators 

in the environmental cluster are: failure to consider implication of environmental risks, 

failure to consider the impact of maintainability and reparability and failure to consider the 

impact of obsolete equipment.   
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 Cluster 5: Management Risk 9.5.6.5

The management risks influence the project management performance, which reduces the 

project’s ability to deliver within the required objectives. Eight risk indicators emerged in this 

cluster, which were distributed into components 6, 9 and 16 with a total variance of 12.295%. 

The management risk indicators should be considered at an early stage of a project in order to 

avoid any obsolescence and to manage the risk at tolerance level. The risk indicators in this 

cluster concern poor project management, project definition, planning, team relationships, 

and design, and incorrect estimating time as well as lack of coordination and decision-

making.  

 

In this research, the performance attributes (value attributes) are introduced as an influential 

category in value created by green building design. In comparison with other quality design 

indicators, this study focuses mainly on the performance of the building in terms of value 

creation and other related aspects, i.e. finance, function, operation, environment and 

management, and the risks’ impacts on value creation design. This research places the main 

emphasis on a project’s early stage – the design aspects – believing that the rate of value 

creation for the building and corporate financial planning and future impacts are established 

and controlled in the design stage. Therefore, the study in this research focuses on the ten 

new value clusters and five risk clusters which present the major value creation building 

design characteristics. The following figure, Figure 9-8, shows the whole summary of this 

chapter. 
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Figure 9-8 Summary of factor analysis and data reduction 

 

  Summary 9.6

By using factor analysis and data reduction techniques in SPSS, redundant data were 

eliminated from the 98 value attributes in the questionnaire and they were reduced to 51 

value creation attributes, and the 66 risk factors were reduced to 35 for the value created 

green building design. The value attributes were categorised as follows: the financial value 

creation was categorised into two clusters, OPEX and CAPEX; the functional value creation 

was categorised into two clusters, longevity and reliability; the operational value creation was 

categorised into two clusters, manageability, and energy and efficiency; the environmental 

value creation was categorised into two clusters, Eco-resource and adaptability; and the 

management value creation as categorised into two clusters, control and planning. In 

addition, the risk factors were categorised into five clusters: financial, functional, operational, 

environmental and management risk. The most significant indicators were extracted and 

treated as representative of the whole set of value creation indicators and risk indicators. 

Based on the variables’ relationship and correlations, the outcome of the data reduction was 

presented for a few components and then clusters were compiled that consisted of the most 
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important value creation attributes and risk factors from the original large data sets. A clear 

understanding of new value creation clusters and risk clusters and their implications will be 

instrumental in assessing the design indicators and evaluating the value creation and their 

performances in green building design.  
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Chapter 10: Assessment Tool for Value Created by 

Green Building Design 

 Introduction 10.1

The main purpose of this chapter is to develop an assessment tool to uncover the most 

significant indicators that affect the value created by green building design. This chapter 

reports on the developed value creation assessment tool. The chapter will discuss and 

compare existing tools in the building industry in order to adapt aspects of their 

methodologies for this research. Several methods are used to assess building design and 

buildings, such as LEED, BREEAM and design quality indicators, in order to obtain 

satisfactory and sustainable buildings. These methods are classified into clusters and each 

cluster contains several indicators. Each indicator is assessed subjectively. The results from 

the Chapter 9, Factor analyses and data reduction, are used to select the most influential 

indicators to be used in the value creation assessment. Consequently, this chapter will present 

the indicators selected as representatives of the value created by green building design, and 

the techniques applied to extract the value creation indicators, and it will also review the 

existing assessment tools and methodology used to evaluate value in building design. 

 The importance of the building assessment 10.2

A variety of assessment tools are used to assess efficient building design performance. 

However, as these tools have been applied and used in different countries to meet their local 

purposes, some of them are not applicable or are insufficient for use for best practice in other 

regions (Alyami & Rezgui, 2012; IGBC, 2012; Ding, 2008). The environmental assessment 

in the building field has matured and been developed worldwide since the first attempt, which 

was by the UK Building Research Establishment Environmental Assessment Method 

(BREEAM) in 1990 (Cole, 2005; Alyami & Rezgui, 2012; IGBC, 2012). Therefore, 

significant efforts have been carried out worldwide to develop tools and their framework, i.e. 

technical content, in order to specify, predict, evaluate and measure a building’s performance. 

Building assessment tools have emerged to evaluate resource use, ecological impact, indoor 

environmental quality, and financial and management aspects. Although assessment tools 

include aspects, features and elements that render them beneficial to the end user, Cole 
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(2005) believes that each assessment method developed during the last few decades has 

weaknesses as well as strengths. He states that the main tools in the environmental building 

assessment field include BREEAM, Leadership in Energy and Environmental Design 

(LEED) and the Green Building Tool (GBTool). The importance of using assessment tools is 

to achieve a high performance level resulting in several benefits to the owners and the 

occupants. The building performance assessment constructs vary based on the interests of the 

involved parties. These interests should be taken into consideration in the design of the 

assessment tool to ensure its success (Ding, 2008). To clarify the different interests of 

different parties involved in the design development, Ding (2008) states that the owner’s 

interests are more from a financial and associated benefits point of view, whilst the 

occupants’ interests relate to health and safety as well as indoor quality and comfort. Ding 

(2008) argues that all of the building assessment methods have limitations which may limit 

their effectiveness and usefulness in assessing a building’s performance, such as avoiding the 

financial aspects, complexity, regional variation and/or the use of weighting mechanisms. 

Inbuilt (2010) indicates that the most important thing in an environmental assessment scheme 

is the context, and claims that there is no perfect assessment scheme.  

 Assessment tool characteristics   10.3

There is a substantial degree of similarity between the assessment tools applied in different 

regions in terms of their aims, structure and approach; however, the differences in terms of 

scope, metrics and performance standards have been addressed (Sleeuw 2011). Cole (2003) 

indicates an assessment tool to evaluate building performance for a certain set of criteria 

should consist of three components: the structure shows a set of organised criteria in a logical 

manner, the scoring of the level of performance is assessed by points or credits for each 

performance issue, and then the output of the overall score for the building performance is 

shown. In addition, IGBC (2012) states that there are three stages for evaluating the building 

design process: the first is categorisation, which is identifying the important criteria in the 

assessment methods that have an impact on the design and construction aspects, which 

usually divides the project building into categories within sub-criteria that specify criteria for 

evaluation; for example, the most key criteria used in assessment tools are energy and 

efficiency, ecology, materials, management and indoor environment. The second stage in the 

evaluation process is identifying the scale of the level of performance by crediting or giving 

points to each individual criterion. And then the final stage is weighting the criteria and sub-
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criteria to obtain considerable impact on the outcome rating or classification for the building 

design. Gann et al. (2003) mention that the three main elements for the Design Quality 

Indicator (DQI) tool are: conceptual framework, data gathering tool and weighting 

mechanism, which map the building value in its design. They suggest testing the tool and 

plotting the result. Chen et al. (2010) carried out research to find an assessment method by 

which to assess the performance/success of value engineering workshops in construction 

projects by building a model by following four main steps. First of all, they developed a list 

of assessment criteria, then they extracted the most effective criteria and identified the 

assessment aspects by using factor analysis, then they allocated weights to the criteria and the 

aspects, and finally they tested the usefulness of the model by assessing two construction 

value engineering workshops. Generally speaking, an assessment tool is integrated by 

gathering data tools, organising them into criteria and sub-criteria, giving each of them a 

weight, assigning a scale, then showing the level of performance in terms of scoring points or 

credits, and then plotting the result. The assessment tool should be simple, practical, and 

flexible and cover all the required aspects in the context of the assessment.   

 Brief comparison between the existing assessment tools 10.4

There is similarity between the applied assessment tools in the construction field in terms of 

their aims, structure and approach. However, there are differences in terms of scope, metrics 

and standards (Sleeuw, 2011). The most common building assessment tools are used in 

different contexts with dissimilar aims. Each of these tools has strengths and weaknesses in 

terms of usefulness and effectiveness in evaluation the building design (Cole 2005; IGBC 

2012). Most of the environmental performance assessment tools consider such criteria like 

energy and efficiency, ecology, materials, management and indoor environment. The tools 

are composed of several criteria and sub-criteria (Inbuilt, 2010; Cole and Larsson, 2002). 

These criteria are assessed during the assessment process by giving a score to each criterion. 

The most well-known environmental assessment tools and those which are globally used are 

BREEAM and LEED. Each of these tools has strengths and weaknesses. BREEAM was 

generated in the UK 1990 and then after its success it became widespread in many other 

countries, and many versions were developed for different regions, such as BREEAM 

Gulf/Middle East which is used in Saudi Arabia and HK-BEAM, which give the BREEAM 

tool a strong and mature system (Alyami & Rezgui, 2012; IGBC, 2012). However, it has 

been criticised for its limited transparency (Inbuilt 2010; IGBC 2012). Alyami and Rezgui 
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(2012) state that there is a strong similarity between the criteria of BREEAM Gulf/Middle 

East and BREEAM-UK, with few differences between them. However, there are differences 

between the two regions and their environmental conditions. In addition, the LEED system 

has been well tested and is mature; however, it has weaknesses such as it is designed based 

on ISO standards which are not aligned to European standards (IGBC 2012). Therefore, it can 

be said that the region and the culture should be taken into consideration when developing a 

new assessment tool.  

Each assessment system has its own way of evaluating and certifying the building design 

performance. Although there are some similarities in the assessed categories, each one has its 

speciality in the weighting mechanisms and the rating scales. For example, consider the 

differences and similarities in the main features of the following assessment schemes (Inbuilt 

2010; IGBC 2012): 

 BREEAM: the evaluation categories are management, health and wellbeing, energy, 

transport, water, materials, land use, ecology, pollution and innovation. It uses a 

percentage score for rating: <30% Unclassified, ≥30% Pass, ≥45% Good, ≥55% 

Very good, ≥70% Excellent and ≥85% Outstanding. 

 LEED: the evaluation categories are sustainable sites, water efficiency, energy and 

atmosphere, indoor quality, materials and resources, innovation and regional 

priority. It uses a points score for rating: 40–49 points Certified, 50–59 points Silver, 

60–79 points Gold, and 80 points and above Platinum. 

Based on these two tools and their rating and classification methods, the proposed value 

assessment tool will adapt points and percentages as a rate to assess the performance of value 

creation aspects. 

Ding (2008) states that more attention is paid to evaluating the design against some 

environmental criteria in most of the environmental building assessment methods. Several 

main issues need to be considered when evaluating the design, such as resource consumption, 

environmental loading, longevity and indoor environment. In addition, Ding (2008) argues 

that there are some important aspects missing from BREAM. LEED and HK_BEAM such as 

the financial aspect, which is the most important consideration and which should go hand in 

hand with the environmental issues in order to develop an effective evaluation framework.  
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The GBTool is one of the most comprehensive evaluation tools; it covers most of the 

evaluation categories that are either ignored or poorly mentioned in the existing building 

assessment tools – resource consumption, loadings, indoor environmental quality, quality of 

service, economics, management and commuting transport – and the tool can be applied in 

different regions, with some adjustments (Cole and Larsson 2002). On the other hand, Ding 

(2008) argues that the GBTool has certain weaknesses, such as the users face difficulty in 

using it because of the complexity of its framework.  

A comprehensive assessment system for building environmental efficiency, CASBEE, has 

been developed in Japan. It distinguishes between the building environmental loading and 

building environmental quality and performance (Cole, 2005). CASBEE consists of four 

main aspects, energy and resources efficiency, and local and indoor environment, which are 

categorised into two groups, loading and quality (Alyami & Rezgui, 2012). It is differentiated 

from other assessment tools by its unique approach to determining the building 

environmental efficiency by scoring the groups separately and then calculating the ratio of 

environmental quality to building environmental performance. CASBEE’s weakness is 

related to its specific regional character, i.e. it is for Japan and its national standards (IGBC 

2012). 

The Design Quality Indicator (DQI) is supported by the construction industry council in the 

UK. The tool is used as a complementary system for measuring performance in construction 

and aims to capture the perceptions of design quality associated with buildings. The DQI is 

composed of three main building assessment categories: function, build quality and impact. It 

enables the client to define their aspirations that obtain to the project’s success and then 

measures the project success against these aspirations (Cole, 2005; Ding, 2008; Gann et al., 

2003). This tool has been developed based on the existing building assessment tools. The 

DQI is purposed as a tool for improving building design and helping the client and 

practitioners to promote value through design (Gann et al., 2003). This tool refers to criteria 

and sub-criteria used in the new value creation assessment tool. Therefore, the following 

section reviews this tool as a starting point for development of this study’s tool for assessing 

value created by green building design.   
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  Design quality indicator  10.5

The DQI is a tool developed to improve and assess the design quality and to help the 

designers and the client to make decisions during the design process. This tool can be used at 

different stage of the project development in order to capture the stakeholders’ opinions 

(Cole, 2005; Ding, 2008; Gann et al., 2003). The DQI uses certain approaches to cover the 

required goals and objectives to evaluate the building, which  consist of a wider range of 

considerations to be assessed than other building environmental assessment tools, and so it 

can be considered to be the most influential tool that contributes to improve the design, 

functionality and sustainability of a building (Gann et al., 2003). Gann et al. (2003) indicate 

that the DQI development process is based on existing methods such as Post-Occupancy 

Review of Building (PROBE), BREEAM and Housing Quality Indicators. Therefore, the 

resulting DQI assessment tool can make a good contribution to evaluating building design 

quality, and this is the reason why the researcher has chosen it to be the starting point for the 

devolvement and achievement of a new value creation tool. 

 The conceptual framework and data tool 10.5.1

The DQI conceptual framework consists of three main aspects: Functionality, which is 

concerned with making the building design useful in terms of the following criteria, space, 

access and use; Build Quality, which reflects good building construction such as its structure 

and its engineering systems and their performance, which is evaluated through the following 

criteria: performance, engineering and construction; and Impact, which concerns the effects 

on the community and environment, and the contribution of arts and science of building and 

architecture to the design; this aspect covers the following criteria: form and materials, urban 

and social integration, internal environment, innovation and character (Gann, et al., 2003; 

DQI, 2014). The structure of the DQI’s conceptual framework shows some similarity with 

the proposed value creation assessment tool as both of them include criteria and sub-criteria. 

It is important to use the conceptual framework data to develop a questionnaire which should 

be simple and easy for the participants in the design process to use, i.e. stakeholders who are 

involved in the design process. The questionnaire structure should be organised to involve the 

three main aspects of the framework, and each aspect should be divided into criteria and sub-

criteria. Gann et al. (2003) provide an example for the questionnaire hierarchy as the aspect 

of build quality consists of certain criteria and each has sub-criteria statements that need to be 

assessed by using a scale, from strongly disagree to strongly agree or not applicable, and the 
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participant’s score will obtain weight for each criterion and sub-criterion. Figure 10-1 shows 

a draft questionnaire hierarchy cited in Gann et al. (2003). The questionnaire hierarchy 

structure matches the value creation drivers, clusters and the controllable attributes. 

 

 

Figure 10-1 Draft questionnaire hierarchy (Gann, et al., 2003) 

 Weighting mechanism 10.5.2

Gann et al. (2003) describe that the DQI weighting mechanism is extracted by analysing the 

questionnaire data. The respondents were asked to indicate their responses on a scale of 1 to 6 

for each statement in each subsection. Then the respondents were asked to circle the most 

important statements in each section. Finally, they were asked to rank the importance of each 

feature to their building, which ended by comparing their ranking with their weighting for 

each subsection. The DQI weighting mechanisms are calculated through a simple formula, 

which is:    
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𝐷𝑄𝐼 =  
𝐹𝑈 + 𝐼 + 𝐵𝑄

𝑋
 

Where:  

FU = Functionality score 

I = Impact score 

BQ = Building Quality score 

X= the total of indicators’ scores 

 

Based on this equation, an equation can be developed and created that will help the designer 

and value engineering team to evaluate the level of design performance and value created by 

a green building design throughout the design process. 

 

  Developing an assessment tool for value created by green 10.6

building design 

The assessment tool for value created by green building design has been developed and 

integrated based on a critical literature review, extracting value attributes, refining them and 

comparing the methodology of existing tools. The refinement and data reduction were shown 

in Chapter 9. The value creation indicators have been identified and highlighted in each 

component and then the components have been grouped into clusters based on their relation 

to each other. This assessment tool will include a scoring system for the indicators, weighting 

them based on the respondents’ average weighted means, computing the scoring, plotting the 

result, testing the tools, and then the chapter ends with a discussion of the tools based on their 

performance in the observed case studies. 

 

 Selection of indicators 10.6.1

The selection of the value creation indicators and the identified clusters in each value 

performance criterion has been described in detail in the previous chapter’s factor analysis 
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(see Chapter 9) and data reduction. First of all, lists of controllable value attributes were 

extracted in each one of the following five categories/criteria: financial performance, 

functional performance, operational performance, environmental performance and 

management performance. Then the most important attributes were examined by sending a 

questionnaire to the relevant professionals to rate the level of importance of each value 

attribute to value created by green building design. After that, the most effective value 

indicators were extracted through statistical analysis, which was followed by data ranking 

and the factor analysis and data reduction techniques. The value creation indicators have been 

identified and highlighted in each component, and then the components were grouped into 

clusters based on their relation to each other. The data reduction technique is based on 

analysing the value attributes and removing the redundant data in order to reduce the number 

of attributes, as shown in Chapter 9. The most effective indicators for value creation are 10 

financial indictors distributed into two clusters (OPEX and CAPEX); 18 functional indictors 

distributed into two clusters (Longevity, Reliability); nine operational indictors distributed 

into two clusters (Manageability, Energy and efficiency); eight environmental indictors 

distributed into two clusters (Eco-resources, Adaptability); and six management indictors 

distributed into two clusters (Control, Planning). In addition, the most effective risk factors 

are 13 financial risk factors, eight functional risk factors, three operational risk factors, three 

environmental risk factors and eight management risk factors. 

 

 Weighting system  10.6.2

The weighting system is applied to estimate the weighting value for each indicator based on 

its impacts or importance within each group. The weighting factors help to obtain the 

priorities of each factor and to find out an accurate rating for the overall performance (GPS 

2013). Weighting is essential to the systems and not all criteria should be given equal weight 

(Todd et al., 2001). In addition, Lee et al. (2002) state that weighting is at the heart of all 

assessment tools because it produces the overall performance scores for the assessed 

building. Ding (2008) mentions that there is an absence of an agreed theoretical and 

methodological framework as a basis for having a system for weighting factors. In addition, 

he indicates that the most important part of the assessment processes is the weighting 

coefficients, which can be determined through a questionnaire survey in order to gain 

opinions from users such as owners and designers that are suitable for the specific regional 
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conditions. The weighting system used in this assessment is making the total summation of 

all indicators to be equal to 100%, as GPS (2013) indicates that the weighting factors must be 

equal to 100% for the summation of all the elements to be an accurate overall performance 

rating. 

 

The following tables, Table 10-1 and Table 10-2, show the overall weight for each indicator. 

Based on the results of the questionnaire survey and the scientific approach of statistical 

analysis of data ranking, factor analysis and data reduction, the optimum value created green 

building design consists of 19.07% financial performance, 35.49% functional performance, 

17.66% operational performance, 15.66% environmental performance and 12.12% 

management performance. The risk factors that might destroy the value created by green 

building design consist of 37.09% financial risks, 23.19% functional risks, 8.50% operational 

risks, 8.00% environmental risks and 23.23% management risks. The weighted values are 

calculated through the average weighted mean for each indicator based on its value 

performance criteria. Then the overall weight for each indicator is calculated so that the total 

summation of all indicators is equal to 100%, as shown in the following equations:  

 

𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎 𝑤𝑒𝑖𝑔ℎ𝑡 =  
𝐼𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑚𝑒𝑎𝑛𝑠 

∑ 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟𝑠 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑚𝑒𝑎𝑛𝑠
 

 

𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 =  𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎 𝑤𝑒𝑖𝑔ℎ𝑡 × 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 
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Table 10-1 Overall weights for each value indicator 

Value Drivers 

(criteria) 

Cluster (sub-

criteria)  
Code Indicator 

Average 

Weighted 
Mean 

Criteria 

weight 

Overall 

weight 

Financial 
Performance 

19.07% 

OPEX 

VFI11 Maximise residual value 3.83 0.096 1.829 

VFI6 Increase economic lifetime 4.11 0.103 1.963 

VFI15 Optimise risk-return ratio of alternative options 3.81 0.095 1.819 

VFI2 Efficiency of Operational expenditure (OPEX) 4.16 0.104 1.987 

VFI5 Improve economic efficiency 4.19 0.105 2.001 

CAPEX 

VFI3 Maximise the cost efficiency to build 3.96 0.099 1.891 

VFI1 Efficiency of capital expenditure (CAPEX) 4.17 0.104 1.991 

VFI12 Minimise cost of capital 3.92 0.098 1.872 

VFI4 Deliver / achieve Cost certainty 3.93 0.098 1.877 

VFI9 Return on investment 3.85 0.096 1.839 

Functional 

Performance 

35.49% 

Longevity 

VFU26 
Provide functional ability of the foundations requirements 

(strength and stability) 
4.01 0.054 1.915 

VFU27 
Ensure substructure functional requirements meet a satisfactory 

level of performance 
4 0.054 1.910 

VFU28 
Ensure superstructure functional requirements meet a satisfactory 

level of performance 
4.02 0.054 1.920 

VFU2 Increase life of services 4.27 0.057 2.039 

VFU3 Provide function – fitness for purpose 4.28 0.058 2.044 

VFU23 Configure design to enable an efficient construction process 4.2 0.057 2.006 

VFU24 Ensure construction efficiency is considered in specification 4.12 0.055 1.968 

Reliability 

VFU19 Maintain Security – health and safety 4.04 0.054 1.929 

VFU21 Meet all statutory requirements and building regulations 4.13 0.056 1.972 

VFU22 Ensure designed elements are standardised 4.3 0.058 2.053 

VFU20 Suitability and maintainability of materials 4.26 0.057 2.034 

VFU15 Provide durable building –last longer 4.04 0.054 1.929 

VFU14 Assure convenience 4.16 0.056 1.987 

VFU18 Create reliable building – safer 4.13 0.056 1.972 

VFU1 Maintain adaptable building - useful to all 4.2 0.057 2.006 

VFU8 Increase efficiency – add capacity 4 0.054 1.910 

VFU13 Provide disability access 4.12 0.055 1.968 

VFU16 Maintain durability 4.03 0.054 1.925 

Operational 
Performance 

17.66% 

Manageability 

VOP8 Easy to operate 4.02 0.109 1.920 

VOP6 Easy  to maintain 3.99 0.108 1.905 

VOP9 Easy to inspect and maintain 3.97 0.107 1.896 

VOP11 Provide building systems that are easy to operate and control 3.99 0.108 1.905 

VOP15 Reduce operational risk 4.02 0.109 1.920 

Energy  and 

efficiency 

VOP1 Reduce/minimise/save energy usage 4.37 0.118 2.087 

VOP2 Maintain efficiency in terms of energy 4.44 0.120 2.120 

VOP3 Increase efficiency of utilities 4.07 0.110 1.944 

VOP4 Increase efficiency of heating, cooling and lighting 4.11 0.111 1.963 

Environmental 
Performance 

15.66% 

Eco-resources 

VEN5 Increase use of natural ventilation 4.15 0.127 1.982 

VEN3 Provide indoor environmental quality 4.15 0.127 1.982 

VEN4 Access to natural light, management of air quality and temperature 4.26 0.130 2.034 

VEN7 
Specifying low-maintenance, durable, environmentally preferable 
materials and equipment 

4.17 0.127 1.991 

VEN10 Minimise consumption of resources 4 0.122 1.910 

Adaptability 

VEN8 Maximise resource reuse 3.96 0.121 1.891 

VEN12 Respond to site microclimate 3.94 0.120 1.882 

VEN11 Conserve water resources 4.17 0.127 1.991 

Management 

Performance 

12.12% 

Control 

VMA10 Able to construct to scope/cost/budget/schedule/quality 4.13 0.163 1.972 

VMA11 Completed to specification 4.27 0.168 2.039 

VMA6 Produce effective plans to achieve the project objectives 4.21 0.166 2.011 

Planning 

VMA3 Create strategic planning 4.15 0.164 1.982 

VMA1 Provide effective project management and delivery 4.46 0.176 2.130 

VMA5 Provide cost control to achieve the project objectives 4.16 0.164 1.987 
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Table 10-2 Overall weights for each risk factor 

Risk Factors 

(criteria) 
Code Indicator 

Average 

Weighted 
Mean 

Criteria 

weight 

Overall 

weight 

Financial Risks 

37.09% 

R11 Failure to recognise cost-value mismatches  3.81 0.075 2.789 

R10 Failure to identify cost-value relationships  3.78 0.075 2.764 

R8 Failure to consider the cost of losing potential revenue  3.85 0.076 2.822 

R12 Failure to appropriately locate cost-to-function allocation  3.82 0.075 2.797 

R9 Uncertainty about prices  3.83 0.076 2.805 

R5 Inappropriate cost evaluation criteria  3.94 0.078 2.888 

R6 Failure to consider future operational costs  3.96 0.078 2.896 

R3 Failure to consider implication of economic conditions  3.81 0.075 2.789 

R1 Insufficient funding  4.09 0.081 2.995 

R7 Failure to recognise cost as resource expenditure  3.85 0.076 2.822 

R65 Incorrect estimated cost of maintenance  4.01 0.079 2.937 

R63 Incorrect cost estimate  4.08 0.081 2.986 

R66 Incorrect estimated cost of energy used  3.82 0.075 2.797 

Functional Risks 

23.19% 

R20 Failure to consider construction implications during design  3.83 0.121 2.805 

R19 Failure to design to brief/specification  3.79 0.120 2.773 

R17 Failure to examine specifications due to unnecessary expense  3.88 0.122 2.838 

R33 
Failure to integrate the various systems to achieve the lowest life-cycle 

costs  
3.82 

0.121 
2.797 

R21 Design changes  4.04 0.128 2.962 

R22 Redesign / rework  4.04 0.128 2.962 

R35 Failure to identify low-value, long-lead-time items  4.24 0.134 3.102 

R36 Failure to consider design risks  4.03 0.127 2.954 

Operational 

Risks 

8.50% 

R44 Failure to consider increase in routine maintenance  3.87 0.333 2.830 

R45 Failure to consider increase in life cycle replacement  3.82 0.329 2.797 

R39 Failure to consider design impact on operating efficiency  3.92 0.338 2.871 

Environmental 

Risks 

8.00% 

R38 Failure to consider obsolescence  of equipment impact  3.65 0.334 2.674 

R43 Failure to consider maintainability  and , reparability impact  3.51 0.321 2.567 

R47 Failure to consider implication of environmental risks 3.76 0.345 2.756 

Management 

Risks 

23.23% 

R49 Poor project management   4.00 0.126 2.929 

R50 Poor definition of the scope and objectives of projects  3.83 0.121 2.805 

R51 Project scope Unscheduled Items  3.89 0.123 2.847 

R57 Improper project planning and budgeting  3.92 0.124 2.871 

R53 Lack of coordination and decision making  3.96 0.125 2.896 

R64 Incorrect time estimate  4.18 0.132 3.060 

R54 Poor Team Relationships  3.84 0.121 2.814 

R28 Poor design that may lead to higher operation costs  4.10 0.129 3.003 

 

 Scales and scores 10.6.3

The scale measurements are based on points or credits awarded and the total score gained, 

which enables a building’s performance to be evaluated in order to assess whether it has 

achieved various industry goals. However, Ding (2008) believes that there is no clear 

common basis or logical basis for allocating a maximum or minimum number of points to 
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each criterion. Therefore, the scoring system for the value created by green building design 

assessment tool has been developed based on BREEAM and LEED. In addition, the scale has 

been developed based on two studies; the first one is Chen et al. (2010), who developed an 

assessment method to assess the performance/success of value engineering workshops in a 

construction project. Their assessment tool was used to assess two value engineering 

workshops of a large project in Taiwan. They asked experienced members from each value 

engineering team who participated in the workshop to score each performance assessment 

criterion on a scale from 1 (very poor) to 5 (very good). The second study was developed by 

Vakili-Ardebili and Boussabaine (2010); it is an assessment tool for Ecological design 

indicators. Their tools were delivered to different projects and the designers were asked to 

rate the indicators from 0 not implemented to 10 highly implemented. The same method has 

been modified and adopted in this study. The value created by green building design 

assessment tool will be tested by asking value engineering professionals to evaluate the 

building design related to one of the value engineering projects designed by their practice by 

asking them to what extent the following indicators are considered and implemented in this 

design (as shown in the assessment sheet). The scale adopted for the value indicators goes 

from 0 not implemented to 5 high implemented, with 3 being considered, whilst the scale 

adopted for the risk factors goes from 0 no impact to 5 highly impacted, with 3 being 

moderately impacted.  

 Computing the scoring 10.6.4

The score computing method begins by giving each value creation scale separately; these are 

called Indicator Scales (ISs) and should be identified based on the respondents’ rating for 

each indicator. Then, the score is calculated through multiplying each IS by the given overall 

weight (Ws) for the same indicator, and then all gained scores are summed together to obtain 

the total gained score, as shown in the following equation: 

 

𝑇𝑜𝑡𝑎𝑙 𝑔𝑎𝑖𝑛𝑒𝑑 𝑠𝑐𝑜𝑟𝑒 (𝑇𝑠) =  ∑ 𝐼. 𝑆.  × 𝑊𝑠

𝑛

𝑖=1

  

 

Then the result of Ts divided by the total weight multiplied by 5, which is the highest scale 

for each indicator. Finally, the result will be multiplied by 100 in order to obtain a percentage 
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result for each cluster and for the all performance criteria, i.e. weighted mean score (Wms), as 

illustrated in the following equation:  

𝑊𝑚𝑠 =  
𝑇𝑠

∑ 𝑊 × 5𝑛
𝑖=1

 × 100 

 Plotting the results 10.6.5

The assessment tool for value created by green building design developed visualisation of the 

outputs of the tools by graphical representation of the results to be easy to read and interpret. 

A spider diagram will represent the scores, which are scaled between 0 and 100. This graph 

displays the selected participants' answers to each section. A result that is further out shows a 

higher weighted mean score, which gives the client and the design team a better overview of 

the evaluation of the design and enables them to check the achieved added value for the 

building’s performance. The idea from the graph is to assess how well a building or design is 

thought to have performed in relation to value creation in each section and look at the risks 

associated with each group. This assessment tool will show three graphs for data sets of main 

groups and the subgroups, i.e. clusters. The main value groups are: financial performance, 

functional performance, operational performance, environmental performance and 

management performance. The clusters are: OPEX, CAPEX, Longevity, Reliability, 

Manageability, Energy and efficiency, Eco-resources, Adaptability, Control and Planning. 

The main risk groups are: financial, functional, operational, environmental and management 

risks. 

  Testing the assessment tool  10.7

As part of the development process testing, the assessment tool needs to be tested through 

pilot studies in order to refine it if required. Therefore, the tool is tested on various buildings. 

The researcher selected three buildings where value engineering had been applied during 

project development and sent the assessment tool to members of the value engineering team 

who participated in the value engineering study for them to score each value creation 

indicator. They were then asked to assess the level of consideration or implementation of 

each indicator. To sum up, the researcher has adopted the design quality indicator equation in 

order to calculate the gained scores. Each value creation group was given a code as follows: 

financial value creation indicator VFI, functional value creation indicator VFU, operational 

value creation indicator VOP, environmental value creation indicator VEN and management 

value creation indicator VMA. The highest points can be obtained from ∑ 𝑉𝐹𝐼 + 𝑉𝐹𝑈 +



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 196 

 

𝑉𝑂𝑃 + 𝑉𝐸𝑁 + 𝑉𝑀𝐴  = 500 points. The value creation assessment tool = ∑(𝑉𝐹𝐼 + 𝑉𝐹𝑈 +

𝑉𝑂𝑃 + 𝑉𝐸𝑁 + 𝑉𝑀𝐴) ÷ 500 × 100 and it can calculate each value creation group and 

cluster separately as required. The following tables, Table 10-3 and Table 10-4, show the 

value creation and risk impact rating results, which are adapted based on the BREEAM and 

LEED rating systems. 

Table 10-3 Value creation rating result 

Value Creation 

Rate 

Respondent Score Weighted Respondent Score 

Points Percentage Points Percentage 

No value 0 – 51 Less than or equal 20% 0 – 100 Less than or equal 20% 

Low value 52 – 102 More than 20% 101 – 200 More than 20% 

Moderate 103 – 153 More than 40% 201 – 300 More than 40% 

Add Value 154 – 204 More than 60% 301 – 400 More than 60% 

Excellent  Value > 204 More than 80% > 400 More than 80% 

 

Table 10-4 Risk Impact rating result 

Risk impact Rate 

Respondent Score Weighted Respondent Score 

Points Percentage Points Percentage 

No risk impact 0 – 35 Less than or equal 20% 0 – 100 Less than or equal 20% 

Low risk impact 36 – 70 More than 20% 101 – 200 More than 20% 

Neutral  71 – 140 More than 40% 201 – 300 More than 40% 

High risk impact 141 – 175 More than 60% 301 – 400 More than 60% 

Extreme risk 

impact 

> 175 More than 80% > 400 More than 80% 

 

This table can be used to evaluate the total value created by green building design. The value 

engineering team and the client can find out to what extent the design has brought value to 

the project. The following section will apply this assessment tool to some projects and check 

the value obtained. The sample sheets (Value Created by the Green Building Design 

Assessment Tool) are provided in (Appendix B). 
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 Building one 10.7.1

Name: Humoud A. Al Salmi 

Office name: AD Engineering Company 

Project name: Hotel  

Location: Riyadh, Saudi Arabia 

Type: Commercial  

Project overview: A multi-storey hotel with two basements and parking facilities. two 

basements, one ground floor and four floors. It has lounges, a women’s banqueting hall, 

cafeteria, courtyard, and landscaping, wet area, restaurant, spa, swimming pool, sauna, 

meeting rooms, business centre, suites and studio suites, studios and family apartments 

 

Overview of the project value creation: The total cost of the project was estimated to be 

SAR. 167 million (GBP 1 ≈ SAR 5.5). The purpose of the study was to define the functions of 

different facilities to generate other alternative solutions and recommendations to optimise 

the project’s total cost,
 
and the VE team identified the following objectives during the 

introduction process:  

 Confirm required performance and functional requirement, 

 Reduce overall project cost without compromising necessary functions, 

 Optimise the design by refining all systems, 

 Standardise the components of the project for easier operation and maintenance during 

the life cycle of the project, 

 Enhance project value and quality, 

 Maintain required aesthetic, 

 Confirm use of new technology in all selected systems. 
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Table 10-5 Building one value assessment tool 

To what extent are the following indicators considered and implemented in this design? 

Scale 
Total 

points 

Scores 

gained 

Cluster 

Wms % 

Group 

Wms % 

0  Not implemented ←       3   Considered                    →  5  Highly implemented  Weight 

Financial 

Performance 

19.07% 

 

OPEX 

VFI11 Maximise residual value  1.829 2  

17 

3.658 

67.49% 

73.80% 

VFI6 Increase economic lifetime  1.963  4 7.851 

VFI15 Optimise risk-return ratio of alternative options  1.819  5 9.097 

VFI2 Efficiency of Operational expenditure  (OPEX) 1.987  4 7.947 

VFI5 Improve economic efficiency  2.001  4 8.004 

CAPEX 

VFI3 Maximise the cost efficiency to build  1.891  4 

20 

7.564 

80.19% VFI1 Efficiency of capital expenditure (CAPEX)  1.991  4 7.966 

VFI12 Minimise cost of capital  1.872  2 3.744 

VFI4 Deliver / achieve Cost certainty  1.877  3 5.630 

VFI9 Return on investment  1.839  4 7.354 

Functional 

Performance 

35.49% 

Longevity 

VFU26 
Provide functional ability of the foundations requirements (strength and 

stability)  
1.915  3 

34 

5.745 

97.04% 

96.62% 

VFU27 
Ensure substructure functional requirements meet a satisfactory level of 

performance  
1.91  3 5.731 

VFU28 
Ensure superstructure functional requirements meet a satisfactory level 

of performance  
1.92  4 7.679 

VFU2 Increase life of services  2.039  4 8.157 

VFU3 Provide function – fitness for purpose  2.044  5 10.220 

VFU23 Configure design to enable an efficient construction process  2.006  4 8.023 

VFU24 Ensure construction efficiency is considered in specification  1.968  4 7.870 

Reliability 

VFU19 Maintain Security – health and safety  1.929  3 

53 

5.788 

96.35% 

VFU21 Meet all statutory requirements and building regulations  1.972  4 7.889 

VFU22 Ensure designed elements are standardised  2.053  4 8.214 

VFU20 Suitability and maintainability of materials  2.034  4 8.138 

VFU15 Provide durable building –last longer  1.929  4 7.717 

VFU14 Assure convenience  1.987  5 9.933 

VFU18 Create reliable building – safer  1.972  4 7.889 

VFU1 Maintain adaptable building - useful to all  2.006  4 8.023 

VFU8 Increase efficiency – add capacity  1.91  4 7.641 

VFU13 Provide disability access  1.968  5 9.838 

VFU16 Maintain durability  1.925  4 7.698 

Operational 

Performance 

17.66% 

Manageability 

VOP8 Easy to operate  1.92  4 

21 

7.679 

83.91% 

79.89% 

VOP6 Easy  to maintain  1.905  4 7.622 

VOP9 Easy to inspect and maintain  1.896  3 5.688 

VOP11 Provide building systems that are easy to operate and control  1.905  4 7.622 

VOP15 Reduce operational risk  1.92  4 7.679 

Energy  and 

efficiency 

VOP1 Reduce/minimise/save energy usage  2.087  4 

15 

8.348 

75.16% VOP2 Maintain efficiency in terms of energy  2.12  3 6.361 

VOP3 Increase efficiency of utilities  1.944  3 5.831 

VOP4 Increase efficiency of heating, cooling and lighting  1.963  3 5.888 

Environmental 

Performance 

15.66% 

Eco-resources 

VEN5 Increase use of natural ventilation  1.982  4 

14 

7.927 

55.98% 

42.87% 

VEN3 Provide indoor environmental quality  1.982  4 7.927 

VEN4 Access to natural light, management of air quality and temperature  2.034  2 4.069 

VEN7 
Specifying low-maintenance, durable, environmentally preferable 

materials and equipment  
1.991  3 5.974 

VEN10 Minimise consumption of resources  1.91  3 5.731 

Adaptability 

VEN8 Maximise resource reuse  1.891  2 
3 

3.782 
20.35% 

VEN12 Respond to site microclimate  1.882  2 3.763 

VEN11 Conserve water resources  1.991  3 5.974 

Management 

Performance 

12.12% 

Control 

VMA10 Able to construct to scope/cost/budget/schedule/quality  1.972  4 12 7.889 80.13% 

76.78% 
VMA11 Completed to specification  2.039  4 8.157 

VMA6 Produce effective plans to achieve the project objectives  2.011  3 6.032 

Planning 

VMA3 Create strategic planning  1.982  2 11 3.964 73.47% 
VMA1 Provide effective project management and delivery  2.13  3 6.390 

VMA5 Provide cost control to achieve the project objectives  1.987  2 3.973 
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Table 10-6 Building one risk assessment tool 

To what extent is the value creation in the design of this project impacted by the following risk factors? 
Scale 

Total 

points 

Scores 

gained 

Cluster 

Wms % 
0  No impact  ←       3   Moderately impacted                   →  5  Highly impacted  Weight 

Financial Risks 

37.09% 

R11 Failure to recognise cost-value mismatches  2.789  2 

31 

 5.58 

47.79% 

R10 Failure to identify cost-value relationships  2.764  2  5.53 

R8 Failure to consider the cost of losing potential revenue  2.822  3  8.47 

R12 Failure to appropriately locate cost-to-function allocation  2.797  2  5.59 

R9 Uncertainty about prices  2.805  2  5.61 

R5 Inappropriate cost evaluation criteria  2.888  2  5.78 

R6 Failure to consider future operational costs  2.896  2  5.79 

R3 Failure to consider implication of economic conditions  2.789  2  5.58 

R1 Insufficient funding  2.995  1  2.99 

R7 Failure to recognise cost as resource expenditure  2.822  1  2.82 

R65 Incorrect estimated cost of maintenance  2.937  4  11.75 

R63 Incorrect cost estimate  2.986  4  11.95 

R66 Incorrect estimated cost of energy used  2.797  4  11.19 

Functional Risks 

23.19% 

R20 Failure to consider construction implications during design  2.805  5 

28 

 14.03 

69.68% 

R19 Failure to design to brief/specification  2.773  4  11.09 

R17 Failure to examine specifications due to unnecessary expense  2.838  4  11.35 

R33 
Failure to integrate the various systems to achieve the lowest life-cycle 

costs  
2.797 

 3  8.39 

R21 Design changes  2.962  3  8.89 

R22 Redesign / rework  2.962  3  8.89 

R35 Failure to identify low-value, long-lead-time items  3.102  3  9.30 

R36 Failure to consider design risks  2.954  3  8.86 

Operational 

Risks 

8.50% 

R44 Failure to consider increase in routine maintenance  2.830  3 
9 

 8.49 
60.00% 

R45 Failure to consider increase in life cycle replacement  2.797  3  8.39 

R39 Failure to consider design impact on operating efficiency  2.871  3  8.61 

Environmental 

Risks 

8.00% 

R38 Failure to consider obsolescence  of equipment impact  2.674  4 
12 

 10.70 
80.00% 

R43 Failure to consider maintainability  and , reparability impact  2.567  4  10.27 

R47 Failure to consider implication of environmental risks 2.756  4  11.02 

Management 

Risks 

23.23% 

R49 Poor project management   2.929  3 

24 

 8.79 

59.91% 

R50 Poor definition of the scope and objectives of projects  2.805  2  5.61 

R51 Project scope Unscheduled Items  2.847  3  8.54 

R57 Improper project planning and budgeting  2.871  3  8.61 

R53 Lack of coordination and decision making  2.896  4  11.58 

R64 Incorrect time estimate  3.060  3  9.18 

R54 Poor Team Relationships  2.814  4  11.25 

R28 Poor design that may lead to higher operation costs  3.003  2  6.01 

 

The overall rating result for the value created by this project would be added value with 

neutral risk impact, as shown in the following table 10-7. In addition, for further results a 

visual graphical spider diagram is used to represent the scores, which are scaled between 0 

and 100, as illustrated in Figure 10-3: Building one value groups plot results, Figure 10-2: 

Building one value clusters plot results and Figure 10-4: Building one risk groups plot results.  
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Table 10-7 Building one rating result 

Building One 

Value Creation 

Assessment 

Tool 

Respondent Score Weighted Respondent Score 

Points Percentage Points Percentage 

Value  181 70.98% 355.28 71.06% 

Rating result Add value  Add value 

Risk  104 59.43% 296.48 59.3% 

Rating result Neutral impact Neutral impact 

 

 

Figure 10-2 Building one value clusters plot results 

 

Figure 10-3 Building one value groups plot results 
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Figure 10-4 Building one risk groups plot results 

 

 Building two 10.7.2

Name: Ali M. Al Khuwaiter 

Office name: Al Khuwaiter Value Engineering Consultant 

Project name: Head Office for SCE  

Location: Riyadh city, Saudi Arabia 

Type: Office Building 

Project overview: SCE main office building comprises the following floors: three 

basement floors with car parking area for 168 cars, two water tanks, and filtration and 

treatment units Eight floors above ground: ground floor (entrance/technical/control), three 

floors of rentable spaces, four floors for SCE offices, and the last floor for socialising. 

Overview of the project value creation: The VE results grant significant cost saving in 

various disciplines as well as adding some extra costs to improve the project value. Since 

frequently the VE savings are not cumulative, as some ideas are alternatives, therefore it is 

estimated that the best implementation will yield an initial net saving of SR 47,535,939, 

which represents 34 % of the total project cost, which is estimated to be SR 139,100,888, in 

addition to life cycle cost saving of SR 499,120)/year. 
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Table 10-8 Building two value assessment tool 

To what extent are the following indicators considered and implemented in this design? 

Scale 
Total 

points 

Scores 

gained 

Cluster 

Wms % 

Group 

Wms % 

0  Not implemented  ←       3   Considered                    →  5  Highly implemented  Weight 

Financial 

Performance 

19.07% 

 

OPEX 

VFI11 Maximise residual value  1.829 3 

12 

 

5.487 

48.63% 

 36.53% 

 

VFI6 Increase economic lifetime  1.963 3 5.888 

VFI15 Optimise risk-return ratio of alternative options  1.819 0 0.000 

VFI2 Efficiency of Operational expenditure  (OPEX) 1.987 3 5.960 

VFI5 Improve economic efficiency  2.001 3 6.003 

CAPEX 

VFI3 Maximise the cost efficiency to build  1.891 0 6 

 

0.000 24.27% 

 

VFI1 Efficiency of capital expenditure (CAPEX)  1.991 3 5.974 

VFI12 Minimise cost of capital  1.872 0 0.000 

VFI4 Deliver / achieve Cost certainty  1.877 0 0.000 

VFI9 Return on investment  1.839 3 5.516 

Functional 

Performance 

35.49% 

Longevity 

VFU26 
Provide functional ability of the foundations requirements (strength and 

stability)  
1.915 5 

29 

 

9.575 

82.71% 

 

80.03% 

 

VFU27 
Ensure substructure functional requirements meet a satisfactory level of 

performance  
1.91 5 9.551 

VFU28 
Ensure superstructure functional requirements meet a satisfactory level 

of performance  
1.92 3 5.759 

VFU2 Increase life of services  2.039 3 6.117 

VFU3 Provide function – fitness for purpose  2.044 5 10.220 

VFU23 Configure design to enable an efficient construction process  2.006 3 6.017 

VFU24 Ensure construction efficiency is considered in specification  1.968 5 9.838 

Reliability 

VFU19 Maintain Security – health and safety  1.929 3 

43 

 

5.788 

78.32% 

 

VFU21 Meet all statutory requirements and building regulations  1.972 5 9.862 

VFU22 Ensure designed elements are standardised  2.053 5 10.267 

VFU20 Suitability and maintainability of materials  2.034 3 6.103 

VFU15 Provide durable building –last longer  1.929 5 9.647 

VFU14 Assure convenience  1.987 3 5.960 

VFU18 Create reliable building – safer  1.972 5 9.862 

VFU1 Maintain adaptable building - useful to all  2.006 5 10.029 

VFU8 Increase efficiency – add capacity  1.91 3 5.731 

VFU13 Provide disability access  1.968 3 5.903 

VFU16 Maintain durability  1.925 3 5.774 

Operational 

Performance 

17.66% 

Manageability 

VOP8 Easy to operate  1.92 3 
15 

 

5.759 
60.00% 

 69.53% 

 

VOP6 Easy  to maintain  1.905 3 5.716 

VOP9 Easy to inspect and maintain  1.896 3 5.688 

VOP11 Provide building systems that are easy to operate and control  1.905 3 5.716 

VOP15 Reduce operational risk  1.92 3 5.759 

Energy  and 

efficiency 

VOP1 Reduce/minimise/save energy usage  2.087 5 16 

 

10.435 80.74% 

 

VOP2 Maintain efficiency in terms of energy  2.12 5 10.602 

VOP3 Increase efficiency of utilities  1.944 3 5.831 

VOP4 Increase efficiency of heating, cooling and lighting  1.963 3 5.888 

Environmental 

Performance 

15.66% 

Eco-resources 

VEN5 Increase use of natural ventilation  1.982 0 

3 

 

0.000 

12.07% 

 29.71% 

 

VEN3 Provide indoor environmental quality  1.982 0 0.000 

VEN4 Access to natural light, management of air quality and temperature  2.034 0 0.000 

VEN7 
Specifying low-maintenance, durable, environmentally preferable 

materials and equipment  
1.991 3 5.974 

VEN10 Minimise consumption of resources  1.91 0 0.000 

Adaptability 

VEN8 Maximise resource reuse  1.891 3 9 

 

5.673 60.00% 

 

VEN12 Respond to site microclimate  1.882 3 5.645 

VEN11 Conserve water resources  1.991 3 5.974 

Management 

Performance 

12.12% 

Control 

VMA10 Able to construct to scope/cost/budget/schedule/quality  1.972 0 3 

 

0.000 20.32% 

 
10.09% 

VMA11 Completed to specification  2.039 3 6.117 

VMA6 Produce effective plans to achieve the project objectives  2.011 0 0.000 

Planning 

VMA3 Create strategic planning  1.982 0 
0 

0.000 
0.00% 

VMA1 Provide effective project management and delivery  2.13 0 0.000 

VMA5 Provide cost control to achieve the project objectives  1.987 0 0.000 
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Table 10-9 Building two risk assessment tool 

To what extent is the value creation in the design of this project impacted by the following risk factors? 
Scale 

Total 

points 

Scores 

gained 

Cluster 

Wms % 
0  No impact  ←       3   Moderately impacted                   →  5  Highly impacted  Weight 

Financial Risks 

37.09% 

R11 Failure to recognise cost-value mismatches  2.789 3 

31 

 

8.37 

47.97% 

R10 Failure to identify cost-value relationships  2.764 0 0.00 

R8 Failure to consider the cost of losing potential revenue  2.822 0 0.00 

R12 Failure to appropriately locate cost-to-function allocation  2.797 3 8.39 

R9 Uncertainty about prices  2.805 5 14.03 

R5 Inappropriate cost evaluation criteria  2.888 3 8.66 

R6 Failure to consider future operational costs  2.896 0 0.00 

R3 Failure to consider implication of economic conditions  2.789 3 8.37 

R1 Insufficient funding  2.995 5 14.97 

R7 Failure to recognise cost as resource expenditure  2.822 0 0.00 

R65 Incorrect estimated cost of maintenance  2.937 3 8.81 

R63 Incorrect cost estimate  2.986 3 8.96 

R66 Incorrect estimated cost of energy used  2.797 3 8.39 

Functional Risks 

23.19% 

R20 Failure to consider construction implications during design  2.805 3 

20 

 

8.42 

50.23% 

 

R19 Failure to design to brief/specification  2.773 3 8.32 

R17 Failure to examine specifications due to unnecessary expense  2.838 3 8.52 

R33 
Failure to integrate the various systems to achieve the lowest life-cycle 

costs  
2.797 

0 0.00 

R21 Design changes  2.962 3  8.89 

R22 Redesign / rework  2.962 5 14.81 

R35 Failure to identify low-value, long-lead-time items  3.102 3  9.30 

R36 Failure to consider design risks  2.954 0 0.00 

Operational 

Risks 

8.50% 

R44 Failure to consider increase in routine maintenance  2.830 0 
3 

 

0.00 
20.27% 

 
R45 Failure to consider increase in life cycle replacement  2.797 0 0.00 

R39 Failure to consider design impact on operating efficiency  2.871 
3  8.61 

Environmental 

Risks 

8.00% 

R38 Failure to consider obsolescence  of equipment impact  2.674 0 
0 

 

0.00 
0.00% 

 
R43 Failure to consider maintainability  and , reparability impact  2.567 0 0.00 

R47 Failure to consider implication of environmental risks 2.756 
0 0.00 

Management 

Risks 

23.23% 

R49 Poor project management   2.929 3 

24 

 8.79 

60.60% 

R50 Poor definition of the scope and objectives of projects  2.805 0 0.00 

R51 Project scope Unscheduled Items  2.847 0 0.00 

R57 Improper project planning and budgeting  2.871 5 14.36 

R53 Lack of coordination and decision making  2.896 5 14.48 

R64 Incorrect time estimate  3.060 5 15.30 

R54 Poor Team Relationships  2.814 3 8.44 

R28 Poor design that may lead to higher operation costs  3.003 3 9.01 

 

The overall rating result for the value created by this project would be moderate value with a 

neutral risk impact, as shown in the following table 10-10. In addition, for further results, a 

visual graphical spider diagram is used to represent the scores, which are scaled between 0 

and 100, which is illustrated in Figure 10-6: Building two value groups plot results, Figure10-

5: Building two value clusters plot results and Figure10-7: Building two risk groups plot 

results  
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Table 10-10 Building two rating result 

Building Two 

Value Creation 

Assessment 

Tool 

Respondent Score Weighted Respondent Score 

Points Percentage Points Percentage 

Value  136 53.33% 267.61 53.52% 

Rating result Moderate Moderate 

Risk  78 44.57% 226.19 44.24% 

Rating result Neutral impact Neutral impact 

 

 

Figure 10-5 Building two value clusters plot results 

 

Figure 10-6 Building two value groups plot results 
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Figure 10-7 Building two risk groups plot results 

 

 

 Building three 10.7.3

 

Name: Mustafa Sawwas 

Office name: Alesayi Hospitality Company 

Project name: Al Aqeeq Five Star hotel 

Location: AL Madinah AL Monawwarah, Saudi Arabia 

Type: Commercial  

 

Project overview: The study for developing the Al-Aqeeq residential and commercial centre 

from a residential suites system to the Al-Aqeeq five-star Hotel in the northern area of the 

central area of Al Madina, on plot number (121-122) with a total land area of 2300 square 

metres, which is owned by the Al-Aqeeq Company for Real Estate Development, which is a 

shareholding company with a capital of three billion riyals, and it is the Real Estate branch 

of Taiba Holding. 
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The project description before development: Its status was a commercial and residential 

centre with a system of residential suites consisting of 14 typical floors which constitute 182 

residential apartment and one ground and commercial floor and four basements which were 

used as parking and services. 

The project description after development: The project designs have been adopted to 

transform the centre into a five-star hotel consisting of 598 rooms. The study took place to 

transform 13 typical floors from a residential apartments system into a hotel rooms system. 

After the study, the first floor was transformed into a restaurant with the addition of a kitchen 

to the fourth basement floor. New entrances have been added to the ground floor towards the 

two main streets with the expansion of the reception. 

Overview of the project value creation: The value engineering studies were focused on 

architectural-structural-mechanical-electrical disciplines and transmitting and developing 

the function of the building from the furnished apartment system into a five star hotel room 

system.  
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Table 10-11 Building three value assessment tool 

To what extent are the following indicators considered and implemented in this design? 

Scale 
Total 

points 

Scores 

gained 

Cluster 

Wms % 

Group 

Wms % 

0  Not implemented  ←       3   Considered                    →  5  Highly implemented  Weight 

Financial 

Performance 

19.07% 

 

OPEX 

VFI11 Maximise residual value  1.829 5 

17 

 

9.145 

67.49% 

73.80% 

VFI6 Increase economic lifetime  1.963 5 9.814 

VFI15 Optimise risk-return ratio of alternative options  1.819 3 5.458 

VFI2 Efficiency of Operational expenditure  (OPEX) 1.987 2 3.973 

VFI5 Improve economic efficiency  2.001 2 4.002 

CAPEX 

VFI3 Maximise the cost efficiency to build  1.891 4 20 

 

7.564 80.19% 

 

VFI1 Efficiency of capital expenditure (CAPEX)  1.991 5 9.957 

VFI12 Minimise cost of capital  1.872 1 1.872 

VFI4 Deliver / achieve Cost certainty  1.877 5 9.384 

VFI9 Return on investment  1.839 5 9.193 

Functional 

Performance 

35.49% 

Longevity 

VFU26 
Provide functional ability of the foundations requirements (strength and 

stability)  
1.915 5 

34 

 

9.575 

97.04% 

 

96.62% 

 

VFU27 
Ensure substructure functional requirements meet a satisfactory level of 

performance  
1.91 5 9.551 

VFU28 
Ensure superstructure functional requirements meet a satisfactory level 

of performance  
1.92 5 9.599 

VFU2 Increase life of services  2.039 4 8.157 

VFU3 Provide function – fitness for purpose  2.044 5 10.220 

VFU23 Configure design to enable an efficient construction process  2.006 5 10.029 

VFU24 Ensure construction efficiency is considered in specification  1.968 5 9.838 

Reliability 

VFU19 Maintain Security – health and safety  1.929 5 

53 

 

9.647 

96.35% 

 

VFU21 Meet all statutory requirements and building regulations  1.972 5 9.862 

VFU22 Ensure designed elements are standardised  2.053 5 10.267 

VFU20 Suitability and maintainability of materials  2.034 4 8.138 

VFU15 Provide durable building –last longer  1.929 5 9.647 

VFU14 Assure convenience  1.987 5 9.933 

VFU18 Create reliable building – safer  1.972 5 9.862 

VFU1 Maintain adaptable building - useful to all  2.006 5 10.029 

VFU8 Increase efficiency – add capacity  1.91 5 9.551 

VFU13 Provide disability access  1.968 5 9.838 

VFU16 Maintain durability  1.925 4 7.698 

Operational 

Performance 

17.66% 

Manageability 

VOP8 Easy to operate  1.92 5 
21 

 

9.599 
83.91% 

 79.89% 

 

VOP6 Easy  to maintain  1.905 5 9.527 

VOP9 Easy to inspect and maintain  1.896 5 9.479 

VOP11 Provide building systems that are easy to operate and control  1.905 5 9.527 

VOP15 Reduce operational risk  1.92 1 1.920 

Energy  and 

efficiency 

VOP1 Reduce/minimise/save energy usage  2.087 4 15 

 

8.348 75.16% 

 

VOP2 Maintain efficiency in terms of energy  2.12 4 8.481 

VOP3 Increase efficiency of utilities  1.944 4 7.775 

VOP4 Increase efficiency of heating, cooling and lighting  1.963 3 5.888 

Environmental 

Performance 

15.66% 

Eco-resources 

VEN5 Increase use of natural ventilation  1.982 2 

14 

 

3.964 

55.98% 

 42.87% 

 

VEN3 Provide indoor environmental quality  1.982 4 7.927 

VEN4 Access to natural light, management of air quality and temperature  2.034 3 6.103 

VEN7 
Specifying low-maintenance, durable, environmentally preferable 

materials and equipment  
1.991 2 3.983 

VEN10 Minimise consumption of resources  1.91 3 5.731 

Adaptability 

VEN8 Maximise resource reuse  1.891 0 3 

 

0.000 20.35 

 

VEN12 Respond to site microclimate  1.882 1 1.882 

VEN11 Conserve water resources  1.991 2 3.983 

Management 

Performance 

12.12% 

Control 

VMA10 Able to construct to scope/cost/budget/schedule/quality  1.972 3 12 

 

5.917 80.13% 

 
76.78% 

VMA11 Completed to specification  2.039 4 8.157 

VMA6 Produce effective plans to achieve the project objectives  2.011 5 10.053 

Planning 

VMA3 Create strategic planning  1.982 5 
11 

9.909 
73.47% 

VMA1 Provide effective project management and delivery  2.13 4 8.520 

VMA5 Provide cost control to achieve the project objectives  1.987 2 3.973 
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Table 10-12 Building three risk assessment tool 

To what extent is the value creation in the design of this project impacted by the following risk factors? 
Scale 

Total 

points 

Scores 

gained 

Cluster 

Wms % 
0  No impact  ←       3   Moderately impacted                   →  5  Highly impacted  Weight 

Financial Risks 

37.09% 

R11 Failure to recognise cost-value mismatches  2.789 0 

26 

 

0.00 

40.49% 

 

R10 Failure to identify cost-value relationships  2.764 0 0.00 

R8 Failure to consider the cost of losing potential revenue  2.822 3 8.47 

R12 Failure to appropriately locate cost-to-function allocation  2.797 0 0.00 

R9 Uncertainty about prices  2.805 0 0.00 

R5 Inappropriate cost evaluation criteria  2.888 3 8.66 

R6 Failure to consider future operational costs  2.896 1 2.90 

R3 Failure to consider implication of economic conditions  2.789 3 8.37 

R1 Insufficient funding  2.995 3 8.98 

R7 Failure to recognise cost as resource expenditure  2.822 1 2.82 

R65 Incorrect estimated cost of maintenance  2.937 4 11.75 

R63 Incorrect cost estimate  2.986 4 11.95 

R66 Incorrect estimated cost of energy used  2.797 4 11.19 

Functional Risks 

23.19% 

R20 Failure to consider construction implications during design  2.805 3 

8 

 

8.42 

20.39% 

 

R19 Failure to design to brief/specification  2.773 0 0.00 

R17 Failure to examine specifications due to unnecessary expense  2.838 0 0.00 

R33 
Failure to integrate the various systems to achieve the lowest life-cycle 

costs  
2.797 

0 0.00 

R21 Design changes  2.962 1 2.96 

R22 Redesign / rework  2.962 1 2.96 

R35 Failure to identify low-value, long-lead-time items  3.102 3  9.30 

R36 Failure to consider design risks  2.954 0 0.00 

Operational 

Risks 

8.50% 

R44 Failure to consider increase in routine maintenance  2.830 2 
7 

 

5.66 
46.76% 

 
R45 Failure to consider increase in life cycle replacement  2.797 2 5.59 

R39 Failure to consider design impact on operating efficiency  2.871 3  8.61 

Environmental 

Risks 

8.00% 

R38 Failure to consider obsolescence  of equipment impact  2.674 1 
7 

 

2.67 
47.57% 

 
R43 Failure to consider maintainability  and , reparability impact  2.567 1 2.57 

R47 Failure to consider implication of environmental risks 2.756 5 13.78 

Management 

Risks 

23.23% 

R49 Poor project management   2.929 5 

25 

14.64 

62.79% 

R50 Poor definition of the scope and objectives of projects  2.805 5 14.03 

R51 Project scope Unscheduled Items  2.847 1 2.85 

R57 Improper project planning and budgeting  2.871 3 8.61 

R53 Lack of coordination and decision making  2.896 5 14.48 

R64 Incorrect time estimate  3.060 5 15.30 

R54 Poor Team Relationships  2.814 0 0.00 

R28 Poor design that may lead to higher operation costs  3.003 1 3.00 

 

The overall rating result for the value created by this project would be added value with a 

neutral risk impact, as shown in the following table10-13. In addition, for further results, a 

visual graphical spider diagram is used to represent the scores, which are scaled between 0 

and 100, as illustrated in Figure10-9: Building three value groups plot results, Figure10-8: 

Building three value clusters plot results and Figure10-10: Building three risk groups plot 

results  
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Table 10-13 Building three rating result 

Building Three 

Value Creation 

Assessment 

Tool 

Respondent Score Weighted Respondent Score 

Points Percentage Points Percentage 

Value  200 78.43% 392.445 78.49% 

Rating result Add value  Add value 

Risk  73 41.71% 210.53 42.11% 

Rating result Neutral impact Neutral impact 

 

 

Figure 10-8 Building three value clusters plot results 

 

Figure 10-9 Building three value groups plot results 
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Figure 10-10 Building three risk groups plot results 

 

  Observations  10.8

The proposed tool’s potential for use in value creating assessment is demonstrated in the 

three case studies. The assessment tool was created based on a combination of features 

reported in the literature. The adopted method uses scores and weights (most of the existing 

tools do not use weights) to compute indicators for value creation and risks. An excellent 

project that includes most of the features that contribute to value creation should have a 100% 

score in each of the five value creation indicators. At the same time, such a project should 

have the lowest risk scores for each of the five categories so that the value created is 

preserved. For example, the testing carried out on project one showed that the project 

performed well in functional performance but less well in other value creation indicators. 

Furthermore, the project performed very well in relation to mitigating environmental risks but 

not well in including strategies to mitigate possible financial risks. By using this type of 

information, designers and consultants would be able to optimise the design to improve the 

building’s performance, leading to value creation and preservation. It is well accepted that 

every building project has opportunities to improve value, and the proposed tool with the 

framework presented in Chapter 3 has the objective of identifying those opportunities. Value 

is improved and optimised by taking into consideration the value creation indicators while 

reducing or mitigating the risks that destroy value creation. As described in Chapter 3, there 

are numerous options and opportunities for implementing value creation during the evolution 

of the green building development process. 
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  Summary   10.9

This chapter has presented the results and testing of an assessment tool for value creation and 

risks to value creation in the development of green building design. The developed tool is 

based on a design quality indicator methodology which has been tested widely in the UK 

construction industry sector. In this study, the tool has been tested on three case studies. The 

test results demonstrated how some aspects of value creation were not taken into 

consideration during the design of the test buildings. With further development and 

refinements, the tool can be used to assist in optimising value creation during the early stages 

of green building development projects. 
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Chapter 11: Discussion 

 Introduction 11.1

This chapter presents a discussion of the main research themes reported throughout this 

thesis. The first section presents a discussion of the research findings relating to value 

creation drivers. The second section focuses on risks that were deemed to have an impact on 

value creation. The third part discusses the findings from the value creation and risk 

assessment tool, and the fourth focuses on the proposed value creation and risk conceptual 

framework. Throughout this chapter, implications of the findings are discussed with respect 

to the existing literature, theory and practices.  

 Value creation drivers  11.2

Research question (1) 

What are the most important value creation drivers in green building development?  

 Financial Performance 11.2.1

The capital cost required to design and construct green buildings is relatively higher than that 

required for traditional ones. It is reported that there is a positive relationship between the 

environmental rating of a building and its capital cost (Green Building Council, 2013). The 

report indicates that capital cost is proportional to the green building environmental 

certification, and goes on to claim that “actual cost premiums for building green are lower 

than the industry estimates”. The upfront cost for buildings designed to comply with zero 

carbon emissions was 12.5% higher than that for traditional buildings. However, the study 

goes on to suggest that the capital increase in the majority of green buildings ranges from 0% 

to 4%. The study also indicates that “Higher levels of certification (such as BREEAM Very 

Good, LEED Silver/Gold, and Green Mark Gold/Gold Plus) have been shown to range from 

0% to 10%, while the highest levels (such as BREEAM Excellent, LEED Platinum, Green 

Mark Platinum and ‘zero carbon’ in the range of 2% to 12.5% higher costs”. If this is the 

case, then it is imperative that stakeholders use value engineering techniques to minimise 

CAPEX with the view to maximise both tangible and intangible value return from the 

investment in green building. Several studies have suggested how to improve the construction 

cost performance of green buildings. For example, Matthiessen, et al. (2007) suggest that 
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adding or bolting-on green strategies at the post design and construction stages should be 

avoided. The authors go to recommend that green strategies should form an integral part of 

the business case from the early stages. Kats (2003) and Davis Langdon (2007) recommend 

the use of integrated design processes through the life cycle of a green building. It also 

claimed that buildings procured through this process “would also provide long-term benefits 

via the consideration of issues like future-proofing, resilience, and life cycle thinking right 

from the start” (Green Building Council, 2013). Others advocate the use of experienced 

professional teams (Lucuik et al, 2005, Kats, 2003; Matthiessen, 2007). This view tallies with 

the paradigm of value engineering analysis at the planning stage that is advocated by this 

study (see Chapter 4).  

 

The analysis in Chapter 7 showed that the survey respondents thought that the financial 

performance value drivers shown in figure 11-1 contribute significantly to value creation in 

green buildings. The mean score of these drivers ranges between 3.92 and 416 (2.5 is the 

mean of the scoring scale). Figure 11-1 shows that the respondents have very diverse views 

about the importance of the financial drivers. It appears that engineers are the least aware of 

their importance, whereas managers are clued up to the significance of optimising financial 

parameters. For instance, VFI11, VFI15 and VFI9 (Maximise residual value, Optimise risk-

return ratio of alternative options, Return on investment) are ranked as the least important 

financial drivers. More unexpectedly, value drivers VFI3 and VFI4 (Maximise the cost 

efficiency to build and deliver/achieve cost certainty) did not receive the highest score. 

According to the Green Building Council (2013), these two factors are necessary to optimise 

the upfront cost with a view to decrease the long-term life cycle costs through “green 

buildings that feature high-performance façades and energy-efficient building systems”. The 

true benchmark for green buildings lies in how the building performs during the operation 

stage. Thus, any increases in CAPEX ought (in theory) to be recuperated through extra return 

from the asset value. However, according to the Green Building Council (2013), increases in 

the asset market value are subject to the “realization of occupancy-related benefits in two 

main areas: reduced operation and maintenance costs; and productivity and health benefits”. 

Lucuik et al (2005) further speculates that green buildings have the potential to generate 

further indirect value through reduction in “property taxes, insurance rates and the costs for 

refurbishment”. The results in this section indicate that financial performance value drivers 
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should at least be considered and integrated into the process of value engineering, as 

discussed and proposed in Chapter 4.  

 

 

 

Figure 11-1 The ranking of the most importance financial performance drivers           

    

                    

Table 11-1 shows the research question relating to the financial drivers cluster and hypothesis 

test. The ANOVA test shows that there were significant differences between the respondents 

regarding the VF12 financial performance driver. The possible reasons for these differences 

can be attributed to the fact that the respondents have different perspectives on how to 

implement OPEX strategy for value creation purposes. The surprising aspect of the results is 

that the architects did not highly rank this value driver. This may suggest that they are not 

aware of the importance of value creation through the optimisation of operation costs. 
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Table 11-1 Financial drivers and hypothesis test 

Research question financial performance: 

Hypothesis  Ha0 (p<0.05):  

Results The ANOVA results indicated that: 

There were significant differences between the survey 

participants regarding value drivers:  

VFI2: Efficiency of operational expenditure (OPEX) 

Researcher’s 

observation 

Reducing operational expenditure is essential for reducing 

maintenance, water, energy, etc., expenses.  

The importance of each financial value driver is assessed 

according to professional bias. 

The results here might be influenced by that fact that the 

KSA respondents are not familiar with the private sector 

expectation of a better return from the investment in green 

buildings.  

The author believes that “achieving the optimum balance 

between capital costs, a building’s operating and 

maintenance costs and residual whole-life value” (NAO) is 

necessary for value creation. 

Conclusion The null hypothesis was rejected for VFI2: Efficiency of 

operational expenditure.  

 

The null hypothesis (H0: 1=0) - (p < 0.05) was retained for 

the other financial value drivers. 
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 Functional Performance 11.2.2

Building functionality is considered as “functionality – the arrangement, quality and 

interrelationship of spaces and how the building is designed to be useful to all” (NAO, 2004). 

One paradigm behind the design of green buildings is the focus on selecting material and 

design solutions based on durability/reliability and longevity performance criteria. The idea 

behind this design paradigm is that reliability and longevity increase the life service span of 

the building’s systems, resulting in fewer maintenance cycles and cleaning requirements, 

leading to financial value benefits. This view is confirmed by Yates et al. (2000), who point 

out that “detailed design must consider maintenance, durability and accessibility of the 

design features”. In this study, the factors that contribute to the functional performance of 

green buildings are clustered into longevity and reliability value drivers. Longevity is about 

the service life of the green building and its components. According to the Dryer (2011), 

“building longevity and adaptability are critical to any analysis of long term sustainability”. 

The survey showed that the respondents considered the VFU2, VFU3 and VFU23 (Increase 

life of services, Provide function – fitness for purpose and Configure design to enable an 

efficient construction process) value drivers to be of high importance. However, it seems that 

architects are not aware that the provision of a function that is for purpose will lead to 

occupant satisfaction, resulting in longer service of the green assets, which will lead to a 

better financial return from the investment. The architects’ view in this survey contradicts the 

proposition put forward by Dryer (2011): “if a green building does not serve its intended 

purpose after a mere ten or fifteen years, its sustainability should rightly be questioned”. 

Figure11-2 and Figure11-3  indicates that engineers did not highly rate drivers VFU27 and 

VFU28 (Ensure substructure functional requirements meet a satisfactory level of performance 

and Ensure superstructure functional requirements meet a satisfactory level of performance). 

This is a surprising result because the maintenance of substructure and superstructure is 

normally costly and leads to disruption of the building operation, resulting in further 

additional revenue losses. 

Reliability in this study concerns the potential of a green building to be reliable for users 

while also providing comfort. Yates et al. (2000) state that the design team must “carefully 

balance environmental sensitivity in design and construction with the needs”. According to 

the Green Building Council (2013), the occupancy-related value of green buildings includes 

“maintenance and adaptability buildings reduced operation and maintenance costs; and 

productivity and health benefits”. McNamara (2011) asserts that there may be a positive 
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relationship between green building occupancy performance and productivity, whilst 

Gregory’s (2006) investigation into functional benefits of green buildings demonstrated 

“savings in health and productivity costs because of increased earnings, reduction in 

respiratory diseases, and higher employee retention made up 85% of total whole-life cost 

savings, with [the tangible] savings in energy, water and waste making up the remaining 

15%”. VFU1 “Maintain adaptable building – useful to all” is considered a key driver for 

delivering value to the businesses of the green building’s occupants, as articulated by the 

NAO (2004): the “building [needs to] be easily adaptable to meet the future needs of users 

including expansion and change of use”. This study’s results show that there is an unspoken 

agreement between the respondents on the effectiveness of VFU22 (ensure designed elements 

are standardised) in value creation. Engineers and managers also agree on the usefulness of 

VFU20 (suitability and maintainability of materials) in the value engineering analysis. 

However, the architects perceived that this driver is not very useful. The results also 

demonstrated that managers alleged that VFU16 (Maintain durability) might not be useful in 

creating value. Engineers did not rank the VFU18 “Create reliable building – safer” value 

driver highly. More surprisingly, both engineers and architects thought VFU1 “Maintain 

adaptable building – useful to all” is not a very beneficial value driver compared to others. 

The respondents’ views of these drivers are not in keeping with existing literature, most of 

which point to the fact that this value driver should be an essential part of green building 

design. A plausible explanation for this is that KSA professionals may not be aware of recent 

studies which demonstrate the tangible and intangible benefits of green buildings.   
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Figure 11-2 The ranking of the most functional performance value drivers (longevity) 

 

Figure 11-3 The ranking of the most functional performance value drivers (reliability) 

        

Table 11-2 shows the research question about the functional drivers cluster and hypothesis 

test. The ANOVA test shows that there were significant differences between the respondents 

regarding several functional performance drivers.  
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Table 11-2 Functional drivers and hypothesis test 

Research question functional performance 

Hypothesis  Ha0 (p<0.05):  

Results The ANOVA results indicated that: 

There were significant differences between the survey 

participants regarding value drivers:  

VFU2: Increase life of services 

VFU13: Provide disability access   

VFU26: Provide functional ability of the foundations 

requirements (strength and stability) 

VFU27: Ensure substructure functional requirements meet a 

satisfactory level of performance 

VFU28: Ensure superstructure functional requirements meet 

a satisfactory level of performance 

 

Researcher’s 

observation 

It is understandable that respondents disagreed on structural 

functionality as a value-generating driver. However, there is 

unspoken agreement in the literature that increasing the life 

of services is an essential value-generating driver.   

Conclusion The null hypothesis was rejected for VFU2, VFU13, 

VFU26, VFU27, and VFU28 value drivers.   

 

The null hypothesis (H0: 1=0) - (p < 0.05) was retained for 

other functional performance value drivers. 
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 Operational Performance 11.2.3

Operation performance value drivers are associated with issues concerned with managing, 

maintaining, operating and cleaning the green facility once it is in operation. The NAO 

(2004) point out that there are ample opportunities for value creation throughout the life cycle 

of building development. The endeavour behind the investment in green buildings is to 

improve life cycle operation performance through the reduction of energy, water use, waste, 

and operation and maintenance costs. At least this is the justification cited behind additional 

CAPEX for green buildings. The operational performance of green buildings is also 

associated with “increases in market value or rental premium, [which] lies in the realization 

of occupancy-related benefits in two main areas: reduced operation and maintenance costs” 

(Green Building Council, 2013). For example, Kats (2003) points out that high-level 

environmental ratings from assessment tools are directly associated with higher percentages 

of energy savings. The author also claims that an additional upfront investment of 2% on the 

tip of CAPEX would result in a saving of over 10% over 20 years’ life span for a 33 LEED-

rated building in the USA. This view is support by the Green Building Council’s (2013) 

statement that generally green buildings use between 25% - 30% less energy than 

conventional code-compliant building. One might argue that this degree of savings also 

depends on other factors such as user behaviour, energy costs and location of the building. It 

is argued that green design attributes of buildings and the resulting indoor environments have 

a positive influence on the productivity and health of the end-user, leading to value 

generation for businesses. This study has clustered the operation performance value creation 

drivers into “Manageability” and “Energy and efficiency” drivers. According to the NAO 

(2004), the manageability drivers have a significant impact on value creation. It is well 

known that there is a huge cost burden associated with acquiring, operating, maintaining, and 

disposing of a building and its complements. Thus, specifying building functions and 

building systems that are “Easy to maintain” (VOP6) is considered to be a vital value creator. 

In this survey, the architects recognised the importance of this driver, but the managers 

seemed to be unaware of its significance. Although Chiras (2004) emphasises the importance 

of making buildings easy to operate, service, and maintain, the engineers in this survey 

perceived VOP11 “Provide building systems that are easy to operate and control” to be less 

important that other values in the cluster. VOP8 “Easy to operate” is considered by the NAO 

(2004) and Chiras (2004) to be a significant value generator. For example, the NAO state that 

“day to day, the building should be easy to clean, maintain and operate due to its finishes, 
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layout, and structure and engineering systems”. As shown in figure11-4 and figure 11-5, both 

architects and engineers recognised the importance of this value driver. Although literature 

(Chiras, 2004) points to the importance of “VOP11” (Provide building systems that are easy 

to operate and control”, the engineers in the survey perceived that this value driver is less 

important. However, there does appear to be a general agreement between the respondents 

that VOP15 “Reduce operational risk” should be considered to be an important value driver.   

 

In the energy and efficacy value drivers cluster the respondents were in agreement about the 

effectiveness of VOP1 “Reduce/minimise/save energy usage” and VOP2 “Maintain 

efficiency in terms of energy” value generators. This result denotes that these two drivers are 

important. This finding is supported by current literature. The importance degree scores for 

VOP3 “Increase efficiency of utilities” and VOP4 “Increase efficiency of heating, cooling 

and lighting” value drivers range between 3.97 and 4.40, with architects viewing these two 

drivers as less significant in value generation.   

 

 

Figure 11-4 The ranking for the most important operational performance value drivers (manageability)  
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Figure 11-5 The ranking for the most important operational performance value drivers (energy efficiency) 

 

Table 11-3 shows the research question about operational drivers cluster and hypothesis test. 

The ANOVA test shows that there were significant differences between the respondents 

regarding several operational performance drivers. 
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Table 11-3 Operational drivers and hypothesis test 

Research question operational performance 

Hypothesis  Ha0 (p<0.05):  

Results The (ANOVA) results indicated that: 

There were significant differences between the survey 

participants regarding value drivers:  

VOP1: Reduce/minimise/save energy usage   

VOP6: Easy  to maintain   

VOP9: Easy to inspect and maintain    

VOP11: Provide building systems that are easy to operate 

and control 

Researcher’s 

observation 

Occupants of any building facility would like the 

opportunity to reduce operating costs, energy use, and 

environmental impacts. 

Building assets which incorporate sustainable operation 

strategies can create value such as increased rental rates and 

asset value, reduced risk of depreciation, and higher tenant 

attraction and retention rates (O’Mara, 2012). 

Conclusion The null hypothesis was rejected for VOP1, VOP6, VOP9 

and VOP11 value drivers.   

 

The null hypothesis (H0: 1=0) - (p < 0.05) was retained for 

other operational performance value drivers 
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 Environmental Performance 11.2.4

The tangible and intangible environmental values provided by green buildings have been 

widely reported. These include waste reduction, and economic and social benefits.  These 

benefits are now well established and the next quest revolves around “how green buildings 

deliver on economic priorities such as return on investment and risk mitigation and on social 

priorities such as employee productivity and health” (Green Building Council, 2013). The 

NAO (2004) stresses that buildings must include the principles of environmental 

sustainability in their design and operation, and use renewable materials. They go to suggest 

that green building development must minimise waste and energy use during construction 

and in-use stages. This sector’s quest to reduce environmental impact from building facilities 

has led to the development of several international certification tools (e.g., BREAM, LEED) 

for green buildings. The underlying theory behind this mission is that by improving the 

environmental performance of a building the amount of resources required to operate that 

building may be reduced (Jensen 2011). In turn, this will result in lower operating costs and 

wastage can be reduced. It is highlighted by Downton (2011), that “it has been well 

established that the environmental performance of building projects is improved if 

environmental performance is embedded as a key philosophy of the project”. The 

environmental performance value drivers in this study were grouped into Eco-resources and 

Adaptability. The findings showed that VEN3 “Provide indoor environmental quality” 

is considered to be less important by architects than by engineers and managers. This is 

somehow unexpected as normally architects are responsible for specifying the internal 

environment and engineers confirm the performance through simulation. Existing literature 

indicates that VEN4 “Access to natural light, management of air quality and temperature” 

and VEN5 “Increase use of natural ventilation” drivers are necessary for a health working 

environment and increasing productivity. Loftness (2003) points out that “improved 

temperature control, air quality, lighting control, and access to the natural environment will 

result in measurable productivity, health [benefits]…”. Architects in particular emphasised 

natural ventilation as a key driver for value generation. The importance of VEN7 “Specifying 

low-maintenance, durable, environmentally preferable materials and equipment” and VEN10 

“Minimise consumption of resources” is owing to the fact that low-maintenance building 

material and components result in longer service life, resulting in economic (lower cost of 

maintenance) and environmental (lower waste and emissions from material disposal) 

benefits. The figure11-6 and figure11-7  below indicates that architects and managers are not 
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entirely convinced that the inclusion of VEN10 value engineering analysis aids the quest for 

value creation in green buildings. The reusability/adaptability value drivers aim to promote 

value creation through adaptation to local conditions and the reuse of resources to minimise 

waste and optimise cost. The VEN11 “Conserve water resources” value driver is seen as 

important but is only ranked 14
th

, whereas it would be expected to be ranked among top ten 

value drivers in the KSA environment where water comes mainly from desalination. The 

figure below shows that engineers rate VEN12 “Respond to site microclimate” more highly 

than the architects do, although architects would be expected to highly rank this value driver. 

The figures also suggests that engineers and managers are not very concerned about the issue 

of VEN8 “Maximise resource reuse”. Evidence from the existing literature suggests that 

these three value drivers are of importance in value creation (Loftness, 2003; Jensen, 2011; 

NAO, 2004).  

 

 

 

Figure 11-6 The ranking for the most important environmental performance value drivers (eco-resources) 
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Figure 11-7 The ranking for the most important environmental performance value drivers (adaptability) 

 

 

Table 11-4 shows the research question about the environmental drivers cluster and 

hypothesis test. The ANOVA test shows that there were significant differences between the 

respondents regarding several environmental performance drivers. 
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Table 11-4 environmental drivers and hypothesis test 

Research question environmental performance 

Hypothesis  Ha0 (p<0.05):  

Results The (ANOVA) results indicated that: 

There were significant differences between the survey 

participants regarding value drivers:  

VEN4: Access to natural light, management of air quality 

and temperature 

VEN5: Increase use of natural ventilation   

VEN12: Respond to site microclimate    

Researcher’s 

observation 

Water, energy and atmosphere, materials and resources, 

indoor environmental quality, outdoor environment on site, 

etc., are core drivers in assessment tools like BREAM and 

LEED. 

Reduction of environmental impact ensures occupant 

satisfaction, drives better business outcomes, and maximises 

asset value (O’Mara, 2012).  

Conclusion The null hypothesis was rejected for VEN4, VEN5 and 

VEN12 value drivers.   

The null hypothesis (H0: 1=0) - (p < 0.05) was retained for 

other operational performance value drivers 

 

  Management Performance 11.2.5

The drivers considered in this section are related to the management processes used, and the 

selection of an integrated team working throughout the development of the green building 

supply chain. It is stressed by the NAO (2004) that there are ample opportunities for value 
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creation throughout the life cycle of building development: “There are opportunities to 

maximise value and minimise waste at every stage of the construction and procurement 

process, from the minute that the need for a building is identified to when it is ready for use”. 

Effective management of the development and operation processes of green buildings is 

crucial for value creation. This entails close collaboration and communication between all the 

stakeholders, and requires appropriate objectives (relating to costs, emissions reduction, etc.) 

to be developed right at the beginning of the development process and monitored throughout 

the service life of the green building. The figure below shows the order of ranking of the most 

important management performance value drivers in this study. All of the management value 

drivers are ranked below 50. It appears that engineers and managers highly ranked VMA11 

“Completed to specification”, whilst managers did not rank VMA5 “Provide cost control to 

achieve the project objectives”, VMA6 “Produce effective plans to achieve the project 

objectives” and VMA10 “Able to construct to scope/cost/budget/schedule/quality” as highly 

as engineers and architects did.  

 

 

Figure 11-8 The ranking of the most important management performance value drivers 
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Table 11-5 Management drivers and hypothesis test 

Research question management performance: 

Hypothesis  Ha0 (p<0.05):  

Results The (ANOVA) results indicated that: 

There were significant differences between the survey 

participants regarding value drivers:  

VMA1: Provide effective project management and delivery   

VMA3: Create strategic planning    

VMA5: Provide cost control to achieve the project 

objectives 

Researcher’s 

observation 

Effective management by an integrated project team is 

essential to achieving this value. 

Effective value planning through the development of a 

project execution plan and the organisation of the project 

team is required to create added value to the project. 

Conclusion The null hypothesis were rejected for VMA1, VMA3 and 

VMA5 value drivers.   

The null hypothesis (H0: 1=0) - (p < 0.05) was retained for 

other management performance value drivers 

 

 

 



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 231 

 

 Risks to value creation  11.3

Research question (2) 

What are the most influential risks to value creation drivers in green building development?  

  Financial risks 11.3.1

The Green Building Council (2013) point out that “sustainability risk factors can 

significantly affect the rental income and the future value of real estate assets, in turn 

affecting their return on investment”. It is clear from this statement that financial value or 

economic value from green assets can be undermined if the risk factors are not factored into 

the design and operation of these assets. Furthermore, it has been suggested that financial 

risks in green buildings are attributed to the additional capital cost for the inclusion of green 

strategies in the design. From a value engineering analysis point of view, financial risks are 

related to the fact that stakeholders are unable to take into consideration the risks and the 

opportunities associated with the risks shown in figure 11-9. The figure indicates that 

engineers perceived R11 “Failure to recognise cost-value mismatches”, R10 “Failure to 

identify cost-value relationships” and R12 “Failure to appropriately locate cost-to-function 

allocation” risks are less important in identifying value. This result is not in keeping with the 

literature because these three risks are the foundation on which value engineering analysis is 

based. One plausible explanation of this anomaly is that, compared to Western practices, the 

KSA practices do not consider this as important. The results in the figure below show that 

managers did not highly rank R7 “Failure to recognise cost as resource expenditure”, R8 

“Failure to consider the cost of losing potential revenue”, R66 “Incorrect estimated cost of 

energy used” risks. Although these risks are important in value entering analysis, the KSA 

managers perceived these risks differently. This could be attributed to the fact that most 

buildings in KSA are publicly owned, hence issues like revenue and energy costs are not 

considered important. Although future energy cost, performance of new green technologies 

and functional performance are uncertain, architects thought R9 “Uncertainty about prices” 

risk may not have much impact on value. All respondents agreed that R1 “Insufficient 

funding”, R65 “Incorrect estimated cost of maintenance” and R63 “Incorrect cost estimate” 

risks will influence value analysis. Other risk factors such as R5 “Inappropriate cost 

evaluation criteria, R6 “Failure to consider future operational costs”, and R3 “Failure to 

consider implication of economic conditions” were perceived as important by the 

respondents. This reiterate the view expressed in the literature that the investment appraisal 
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must address various options for creating the value required from green buildings. Failure to 

consider implications of economic conditions and to recognise cost as a resource expenditure 

will certainly lead to the risk of affordability and to the risk that whole-life cost estimates are 

not realistic and are based on unreliable evidence or assumptions. This in turn will lead to 

income and the future value of real estate assets being affected.  

 

Figure 11-9 Ranking the financial risk factors impacting on the project value 

  Functional risks 11.3.2

Functional risks are related to the building asset condition over its life span. The literature 

review (see chapter 5) shows that the functions of a building and its components are related to 

the purpose of their design and existence. The building design function and its components’ 

specifications are normally based on assumptions. Changes in the assumptions of these 

parameters may lead to different levels of performance and reliability. Thus, this suggests 

that the design of green buildings must be subject to risk analysis in order to assess and 

understand the uncertainties that are associated with the function and design parameters. The 

figure 11-10 below portrays the respondents’ perceptions about the functionality risks that 

might have an impact on value creation in green building development if not taken into 

consideration during the value engineering analysis process. The figure below clearly 

indicates that architects’ views on R19 “Failure to design to brief/specification”, R20 “Failure 

to consider construction implications during design”, R21 “Design changes”, R22 

“Redesign/rework” and R36 “Failure to consider design risks” are in keeping with the other 

respondents’ views. This result may suggest that because these risk factors are design-related 

and architects generally tended to approach their design with the bias. The results also 
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showed that there is total agreement on the importance of R35 “Failure to identify low-value, 

long-lead-time items”. However, the engineers’ view was in accordance with that of the 

architects for R33 “Failure to integrate the various systems to achieve the lowest life-cycle 

costs”. Again, this result is not in keeping with literature regarding Western economies, 

where lowest life cycle costs are considered an important value generator (Boussabaine and 

Kirkham 2004). This reaffirms the notion that the risk of obsolescence of the green building 

functions or those of its components will result in larger OPEX and may undermine the value 

of the asset, leading to “lower income, smaller capital receipts, higher costs and the 

possibility of legal action” Green Building Council (2013). 

 

Figure 11-10 Ranking the functional risk factors impacting on the project value 
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their entire life cycle. The figure 11-11 below portrays the respondents’ perceptions about the 

operational risks that might have an impact on value creation in green building development 

if not taken into consideration during the value engineering analysis process. Five operational 

risks were identified in the literature as having a direct impact on value created by green 

buildings. As shown the figure below, only R45 “Failure to consider increase in life cycle 

replacement”, R44 “Failure to consider increase in routine maintenance” and R39 “Failure to 

consider design impact on operating efficiency” risks were scored highly by the respondents, 

whereas R42 “Failure to consider component repair and replacement” and R46 “Limited 

knowledge of maintenance issues” risks were viewed as not important. In fact, it is surprising 

to see that risk R42 is ranked 64
th

 out of 66 risks. Component repair and replacement is an 

integral part of whole life cycle management strategies. Both have an impact on OPEX 

budget and asset availability (directly associated with vacancy and the rental value risks). 

 

Figure 11-11 Ranking the operational risk factors impacting on the project value 
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liability litigation over unfit for purpose specification, material or product failure, 

obsolescence, durability, etc. The figure below portrays the respondents’ perceptions about 

the environmental risks that might have an impact on value created by green building 

development if not taken into consideration during the value engineering analysis process. 

Three environmental risks were identified in the literature as having a direct impact on value 

created by green buildings. As shown in the figure 11-12 below, the architects thought R47 

“Failure to consider implication of environmental risks” risk ought to be taken into 

consideration in value engineering analysis, whereas engineers and managers considered  

R38 “Failure to consider obsolescence of equipment impact” as an important risk to consider. 

Once more, it seems that the results might have been affected by professional bias. 

Furthermore, architects ranked R43 “Failure to consider maintainability and reparability 

impact” slightly higher than the other respondents. The author is of the opinion that the way 

in which green buildings are conceived, constructed, operated and disposed of will 

influence/increase global warming (from the building machinery and the operation of the 

transport and construction vehicles), acidification (caused by emissions from the burning of 

diesel by the building machinery and the operation of the transport and construction 

vehicles), eutrophication (caused by indirect emissions from the electricity supply source, and 

the burning of diesel from the use of building machinery and transport), winter smog (from 

waste transportation and the production of natural gas), heavy metal (due to toxic effects of 

heavy metals from disposing and recycling of materials) and energy (from electricity and oil 

usage and production) .  

 

Figure 11-12 Ranking the environmental risk factors impacting on the project value 
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Table 11-6 shows the research question about environmental risks cluster and hypothesis test. 

The ANOVA test shows that there were significant differences between the respondents 

regarding R38: Failure to consider obsolescence of equipment impact risk  

Table 11-6 Environmental risks and hypothesis test 

Research question Environmental risks: 

Hypothesis  Ha0 (p<0.05):  

Results The (ANOVA) results indicated that: 

There were significant differences between the survey 

participants regarding Risk factors:  

R38: Failure to consider obsolescence of equipment impact 

Researcher’s 

observation 

It appears that architects in KSA are not acquainted with the 

fact that whole-life performance of green buildings is highly 

linked to the obsolescence of equipment and components.  

Conclusion The null hypothesis was rejected for R38 risk.   

The null hypothesis (H0: 1=0) - (p < 0.05) was retained for 

other risks. 

 

 Management risks  11.3.5

There is ample evidence in the literature to suggest that it is essential to have a skills and 

integration project team coupled with effective management processes to unlock value during 

the early stage of value planning as well as during the development operation of green 

facilities. The endeavour of the project should be geared towards identifying risks and 

opportunities to maximise value and minimise waste at every stage of the construction and 

procurement process, from the minute that the need for a building is identified to when it is 

ready for operation (NAO, 2004). The figure below portrays the respondents’ perceptions 

about the management risks that might have an impact on value created by green building 

development if not taken into consideration during the value engineering analysis process. 

Seventeen managerial risks were identified in the literature as having a direct impact on value 
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created by the green building development process. Only half of these risks are considered to 

have a negative impact on value creation attributes of green buildings. They are:  

 R28 Poor design that may lead to higher operation costs:  

 R49 Poor project management       

 R50 Poor definition of the scope and objectives of projects      

 R51 Project scope Unscheduled Items     

 R53 Lack of coordination and decision-making     

 R54 Poor team relationships     

 R57 Improper project planning and budgeting     

 R64 Incorrect time estimate   

All respondents agree on considering R28 and R49 risks during the appraisal of green 

buildings. However, engineers viewed R51 and R50 risks different to other participants. This 

might suggest that engineers in KSA are not often involved in the very early stages of the 

design process. However, the findings here are consistent with Shen and Liu’s (2003) list of 

factors that might influence the success of using value analysis in construction projects.  

 

Figure 11-13 Ranking the management risk factors impacting on the project value 
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 Value creation and risk assessment tool  11.4

Research Question (3) 

What is the most appreciate tool for assessing value creation and risk in green building 

development? 

The majority of existing tools are concerned with the assessment of environmental 

performance of a building design in the early design phase of building development. The 

underlying theme of these assessment tools is assessing how a building performs throughout 

its life cycle in relation to its environmental impacts. It has been pointed out that these 

assessment tools aim to answer the following questions (Downton, 2011): 

 “What was the basis for environmental design decisions? 

 What was the method of assessment? 

 Have the environmental impacts of the consumption of materials, energy, water and 

other resources been considered? 

 Will the energy embodied in the building be offset by savings in operational energy 

over the building’s lifetime? 

 What quantity of greenhouse gas emissions will be generated?” 

As can be seen from the above list, the scope of the existing tools in relation to value analysis 

is limited. These tools do not analyse the required functions of the project from a value 

perspective. Nor do they aim to evaluate and test the ideas that are most promising for value 

creation. That is why cost-conscious developers are turning to value engineering analysis as a 

method to minimise waste and maximise functionality and profitability from building asset 

development (Vangilder, 2011). Value engineering has been used to study and optimise the 

development of products and services for decades, and has been applied successfully in 

construction project development. However, all project development is associated with 

several risks. Thus, it seems logical and obvious that a “combination of efficient value 

management practices and risk management is one possibility to try to avoid the most 

dangerous risks to realise for planned value” (OJALA, 2015). Thus, this research has 

attempted to elicit value creation drivers that can be used to aid value engineering analysis 

become a usable tool that assists in unlocking value in the development of green buildings. 

The risks that challenge the destruction of value are also considered for adoption into a 
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practical tool. This is achieved in part by defining the drivers that contribute to value creation 

and in part by defining the risks that may have an impact on realising the identified value. 

The proposed value assessment tool consists of five main aspects: 

Financial Performance: which is concerned with project value creation parameters to 

examine how to reduce the required CAPEX and OPEX in order to optimise the value of the 

proposed investment in green building assets. Ten value generation drivers, listed below, are 

used to assess the financial performance of green assets. Their total weight contributes 

19.07% to the overall profile of the assessed project.  

 OPEX value drivers  

o VFI11  Maximise residual value 

o VFI6  Increase economic lifetime 

o VFI15  Optimise risk-return ratio of alternative options 

o VFI2  Efficiency of operational expenditure   

o VFI5  Improve economic efficiency 

 CAPEX value drivers  

o VFI3  Maximise the cost efficiency to build 

o VFI1  Efficiency of capital expenditure  

o VFI12  Minimise cost of capital 

o VFI4  Deliver/achieve cost certainty 

o VFI9  Return on investment 

Functional Performance: it is about the required functions of the asset being designed. The 

stakeholders need to identify what functions are important and which performance 

characteristics are required for these functions. In this research, the asset function is viewed 

as consisting of Longevity and Reliability value drivers. Eighteen value generation drivers, 

listed below, are used to assess the functional performance of green assets Their total weight 

contributes 35.49% to the overall profile of the assessed project. 

 Longevity  

o VFU26 Provide functional ability of the foundation requirements 

(strength and stability) 

o VFU27 Ensure substructure functional requirements meet a satisfactory 

level of performance 
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o VFU28 Ensure superstructure functional requirements meet a 

satisfactory level of performance 

o VFU2  Increase life of services 

o VFU3  Provide function – fitness for purpose 

o VFU23 Configure design to enable an efficient construction process 

o VFU24 Ensure construction efficiency is considered in specification 

 Reliability  

o VFU19 Maintain security – health and safety 

o VFU21 Meet all statutory requirements and building regulations 

o VFU22 Ensure designed elements are standardised 

o VFU20 Suitability and maintainability of materials 

o VFU15 Provide a durable building – lasts longer 

o VFU14 Assure convenience 

o VFU18 Create a reliable building – safer 

o VFU1  Maintain an adaptable building – useful to all 

o VFU8  Increase efficiency – add capacity 

o VFU13 Provide disability access 

o VFU16 Maintain durability 

Operational Performance: it is about how operational value generators related to 

maintaining, energy use in, operating and cleaning the green building asset once it is in use 

are considered and optimised in relation to other value generators during the VE analysis 

stages. In this research, the asset operation performance is viewed to consist of Manageability 

and Energy and efficiency value drivers. Nine value generation drivers, listed below, are used 

to assess the operational performance of green assets; their total weight contributes 17.66% to 

the overall profile of the assessed project. 

 Manageability  

o VOP8  Easy to operate 

o VOP6  Easy to maintain 

o VOP9  Easy to inspect and maintain 

o VOP11 Provide building systems that are easy to operate and control 

o VOP15 Reduce operational risk 

 Energy  and efficiency  
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o VOP1  Reduce/minimise/save energy usage 

o VOP2  Maintain efficiency in terms of energy 

o VOP3  Increase efficiency of utilities 

o VOP4  Increase efficiency of heating, cooling and lighting 

Environmental Performance: it is about how to minimise the impact on the natural 

environment. In this research, the green building asset’s environmental performance is 

viewed to consist of Eco-resources and Adaptability value drivers. Eight value generation 

drivers, listed below, are used to assess the environmental performance of green assets; their 

total weight contributes 15.66% to the overall profile of the assessed project 

 Eco-resources  

o VEN5  Increase use of natural ventilation 

o VEN3  Provide indoor environmental quality 

o VEN4  Access to natural light, management of air quality and 

temperature 

o VEN7  Specifying low-maintenance, durable, environmentally 

preferable materials and equipment 

o VEN10 Minimise consumption of resources 

 Adaptability  

o VEN8  Maximise resource reuse 

o VEN12 Respond to site microclimate 

o VEN11 Conserve water resources 

Management Performance: This aspect of value generation deals with the management 

processes used, and the selection of an integrated project team working throughout the life 

cycle of the proposed development. In this research, the management performance is viewed 

to consist of Control and Planning value drivers. Six value generation drivers, listed below, 

are used to assess the operational performance of green assets; their total weight contributes 

12.12% to the overall profile of the assessed project 

 Control  

o VMA10 Able to construct to scope/cost/budget/schedule/quality 

o VMA11 Completed to specification 

o VMA6  Produce effective plans to achieve the project objectives 
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 Planning  

o VMA3  Create strategic planning 

o VMA1  Provide effective project management and delivery 

o VMA5  Provide cost control to achieve the project objectives  

The results from the assessment tool are visualised through spider charts which represent the 

aggregated scores (between 0 and 100) for each main value creation driver. The scores are 

based on the evaluation of the project design parameters by concerned stakeholders. The idea 

behind the charts is to display and inform stakeholders about which of the value drivers need 

to be optimised to add value to the green asset. However, in order to achieve this, the 

assessment tool’s ability to capture data and results of each assessment will need to be 

enhanced. These should then be used as feedback for learning purposes. In order to take 

account of the variability, the following challenges will need to be considered: 

 Representation of the sensitivity associated with evaluator opinions with highly 

subjective scoring of value drivers.  

 The need to improve the range of value drivers to reflect different contexts. 

 The need to integrate and synchronise the assessment with VE processes.  

In general, the tool will in assist VE studies in dealing with the following issues concerning 

green building development:  

 Understanding project criteria. 

 Identifying appropriate project scope.  

 Validating project initial cost and budget. 

 Ascertaining best value alternatives. 

 Evaluating life cycle costs.  

 Identifying and evaluating risk. 

 Value creation framework  11.5

Research question (4) 

What is the appropriate conceptual model that can help the represent value creation and risk 

in green building development?   
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As demonstrated in Chapters 2 and 3, numerous conceptual models have been developed to 

assist stakeholders to implement value engineering. There is no single best model for every 

situation; every methodology is based on a particular context. What is common between all 

of the models is their aim to capture value through the implementation of VE during the 

development processes of any project. The framework posed by this work is no different to 

others, except in the sense that the framework contributes to knowledge driven by the 

research gap that was identified in the literature review. The framework forges stronger links 

between operating performance measures/values and value creation at a corporate level. The 

value drivers in most existing value frameworks are not efficiently prioritised against 

objectives of the organisation’s value creation process. That is to say, they lack syncretisation 

between corporate value creation gaols and values generated by the portfolio of projects. 

Thus, this research bridges this gap between linking value drivers at portfolio of projects 

level to corporate objectives to maximise shareholder value. The linkage is created through 

(see Figure 3-1 in Chapter 3) the financial value creation driver (how to reduce capital and 

operating costs to optimise the investment and create growth), asset growth value creation 

driver (opportunity for investment for realising both tangible and intangible value) and 

efficiency value creation driver (operation efficiency of green building assets and divest in 

value destroying activities and design solutions). The underlying principle here is that 

improvement in project value can result from either a cost reduction or a cost increase if 

performance is enhanced or from reducing the risks. At the corporate level, the endeavour is 

all about maximising returns (both tangible intangible). To do so, the corporation must have 

intelligence concerning which factors most influence value and which factors can be most 

easily affected by risks. These influencing factors are the primary focus for unlocking and 

maximising value. Thus, identifying and incorporating the impact of these value drivers in 

the development of green buildings through VE processes will focus the stakeholders’ 

attention and will most certainly concentrate effort regarding the issues that will have the 

greatest impact on value creation. The framework along with the tool will assist in analysing 

value driver sensitivities. These will help to identify value drivers that have a relatively major 

impact on value relative to other drivers. The value drivers and risks that are deemed 

influential must then be examined to discover if they can be managed and controlled 

effectively. If this analysis is completed effectively in parallel with VE, it will ensure that 

value creation strategies from projects are aligned with the asset owner’s business value 

drivers. 
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The proposed framework as discussed is to be applicable at the early stages of green building 

development. The framework and associated tool should be synchronised with the processes 

of VE. Although KSA was the source of information, commonalities across similar countries 

in developing green buildings provide appropriate opportunities for this research to be 

utilised in other countries as well. 

 Summary 11.6

This chapter has provided the discussion of the overall results including the literature review, 

assessment tool and framework. In section one, the findings related to value drivers were 

presented, whereby some of the key suggestions were made in order to select the appropriate 

value drivers. In section two, the results from the risk survey were discussed, which focused 

on selecting the most influential risks. It was acknowledged that there was a limitation in the 

number of risks that can be assessed. Additionally, the fact that risks are context-dependent 

was also acknowledged. In section three, the use of the proposed assessment tool was 

presented, whereby it was pointed out that the scope of the existing tools in relation to value 

analysis is limited. The proposed tool fills this gap through the selection of value creation 

drivers which can be used to aid value engineering analysis become a usable too that assists 

in unlocking value in the development of green buildings. In section four, the value 

conceptual framework was presented, whereby it was highlighted that the purpose of the 

framework was to link value drivers at portfolio of projects level to corporate objectives to 

maximise shareholder value. The following chapter presents the research conclusions. 
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Chapter 12: Conclusion 

This chapter will present the conclusions drawn out of this investigation. The robustness of 

the adopted methodology will be presented first. Secondly, the objectives of the study will be 

reviewed with a view to compare expected results with the achievement accomplished. 

Thirdly, the limitations of this research will be listed. Fourthly, the contribution to knowledge 

will be presented. Fifthly, areas for further research will be put forward.   

 Robustness of the research methodology  12.1

The research methodology adopted to meet the research aims and objectives was presented in 

Chapter 6. Both qualitative and quantitative approaches were used in this investigation. The 

literature review has been used to synthesise existing knowledge to identify gaps in 

knowledge in the proposed research area and to confirm and articulate the research questions 

and objectives.  A hand-delivered survey was used as the main method for data collection. 

The questionnaire was designed and then tested on a small sample of academics to make sure 

the questions were correctly understood. The participants were selected randomly from a pool 

of experts who are knowledgeable about value engineering analysis in KSA. Questionnaires 

were completed anonymously without due influence from the author. A statically significant 

number of responses were received. Data were checked for errors, completeness and 

consistency. Questionnaires that were incomplete were not used in the analysis. Furthermore, 

the responses were checked to see whether the respondents had completed the questions 

properly and not just ticked answers randomly. For example, answers from respondents who 

used the same score for each variable were not included in the analysis. Data were coded 

according to SPSS standards. Several statistical tools were deployed to analyse the survey 

results. Descriptive statistics were used to study the variation in the respondents’ answers 

whilst ANOVA was used to analyse and test the research hypotheses. Factor analysis was 

used to reduce the number of risks and value creation drivers to facilitate the development of 

the assessment tool.  
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 Accomplishing the research objectives  12.2

 To define the concepts of value and value management technique and 12.2.1

its history 

The VM technique was developed during World War II as an alternative way to overcome 

the shortage of materials and components caused by the war. Post-war research has been 

geared to develop a method of function analysis to generate alternative products with the 

same quality and lower cost. This approached has been refined with the aim of removing 

unnecessary costs and improving the design. The integration of the functional analysis 

concept into the design for selecting viable alternatives has led to the emergence of value 

analysis. In Chapter two it has been pointed out that the term value is attributed to several 

concepts, ranging from hard value like in economics to soft value like in philosophy. The 

chapter also presented the difficulty of measuring value, which may result in ignoring any 

values that may be difficult to measure. It is argued in this thesis that value is not absolute; 

some aspects of it can be estimated and others are difficult, and might vary with the current 

circumstances or surroundings of any project, such as parties, knowledge, culture, religion, 

needs, regions and other factors that may affect value. Creating value from green building 

investment requires the use of a portfolio of techniques such as value management, value 

engineering, value analysis and value supply chain. Thus, in this study, it is deemed 

important that both tangible and intangible value creation processes and drivers should be 

explored in the quest for value creation in green building development.  

 To review the value frameworks and the underlying assumptions and 12.2.2

theories that underpin these frameworks 

It is reported in Chapter two that value management is one of the most misunderstood 

management concepts. This confusion is derived from the fact that various terminologies are 

used to describe and define value management concepts. This has led authors such as 

Woodhead and Downs (2001) to describe value management as a management fad. In this 

study, value management is used as a methodology to achieve value creation in project 

development. The chapter has also presented a wide-ranging review of the existing value 

frameworks. The common ground between all the existing value frameworks is their 

underlying objective, which is to improve the project value. However, as pointed out by 

Merna and Lamb (2003), the existing value frameworks would have been more useful if they 



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 248 

 

had included the potential value drivers and attributes at each stage of the project life cycle in 

order to provide guidance on the best value and monitor the impacts of potential risks. Thus, 

this thesis identified a potential improvement to the existing frameworks by integrating value 

analysis methodologies, value drivers and risks to manage green building development and 

ensure that the value drivers contribute positively to the particular business outcomes of 

products, services and/or projects during the green building life cycle.  

 To develop a value creation framework for green building assets  12.2.3

The assumption that the development of a new value framework paradigm signifies that the 

existing frameworks need to be rejected is not shared by this research. This objective was 

achieved through the development of an integrated framework presented in Chapter 3. The 

development is based on sound theoretical grounding by integrating several aspects of value 

creation that were reported in the literature. Chapter two presented the strengths and 

weaknesses of existing value frameworks. The author pointed out that there is no single best 

model for every situation; every methodology is based on a particular context and underlying 

assumptions. Having said this, it appears that the common purpose between all of the existing 

frameworks is to capture value through the implementation of value management and value 

analysis techniques throughout a project’s life cycle. The framework posed by this work is 

driven by the research gap that was identified in the literature review. The framework forges 

stronger links between performance measures/values at a project development/operation level 

and value creation at a corporate level taking into consideration all value creation derives and 

associated risks. The framework identifies the key characteristics of the value methodology, 

such as value planning, value engineering and value reviewing during the project life cycle, 

which need further investigation. The potential value drivers associated with these value 

processes are identified and mapped into risk impacts. The proposed framework creates 

syncretisation between corporate value creation gaols and values generated by the portfolio of 

projects. In theory, the proposed value framework system assists organisations to simulate 

project performance and maintain risk at a tolerance level. Providing good management of 

risk will enhance project value creation.  

 To extract value drivers in the green building life cycle development  12.2.4

This research objective was achieved through a systematic literature review. A combination 

of literature sources identified the value drivers that were reported to be important for value 

creation in green building development. From the literature review, it emerged that these 
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value drivers were clustered into five homogenous groups. These are financial performance 

(these drivers are about the optimisation of optimising financial parameters of green building 

development. In total, 20 value drivers were extracted), functional, performance (these value 

drivers contribute to the functional performance of green buildings through longevity and 

reliability drivers; 34 drivers were extracted), operational performance (these are associated 

with issues to do with managing, maintaining, operating and cleaning the green facility once 

it is in operation; 16 drivers were extracted), environmental performance (these are related to 

the usage of eco-resources and adaptability. In total, 16 value drivers were extracted) and 

management performance (these are related to the management processes used, and the 

selection of an integrated team working throughout the development of the green building 

supply chain. In total, 12 value drivers were extracted). These value drivers have been 

captured and described in great detail in Chapter 4. The completion of this objective was a 

prerequisite for some of the next research objectives. These value drivers were then used to 

develop a questionnaire to assess their effectiveness in value creation.  

 To extract risks that may have an influence on value creation  12.2.5

This objective concerns synthesising existing literature with a view to compile a list of risks 

that may have a negative value creation. A systematic literature review was used to extract 

the risks, which were then classified according to value driver clusters identified in the 

previous objective. This is presented within Chapter 4. In total, 66 risks were identified. 

These are split between financial risks, functional risks, operational risks, environmental risks 

and management risks. The list was used in the development of the questionnaire with a view 

to assess how each of the extracted risks influences value creation in green buildings.  

 To analyse the influence of value drivers’ contribution to value creation 12.2.6

in green buildings 

This objective has been achieved through the collection and analysis of data. To collect data, 

a hand-delivered quantitative survey was conducted, which received 89 complete responses. 

The survey was developed out of the value drivers compiled in the previous research 

objective. The methodology used for this purpose has been described in Chapter 6. The 

questionnaire was validated with academics before deployment. Several statistical tests were 

carried out on the collected data, including descriptive statistics, ANOVA and factor analysis.  

The results are described in various forms in Chapters 7, 8 and 9. To address this issue, 

several hypotheses were derived and tested. Chapter 11 has discussed and summarised the 
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results of the testing. What is observable from the results is that the null hypotheses were 

rejected for only a small number of value drivers. This might suggest that the selected drivers 

were important in the context of KSA.  

 To analyse the influence of risks on value creation in green buildings 12.2.7

This objective has been achieved through the collection of primary data using a questionnaire 

survey. Several statistical tests were carried out on the collected data, including descriptive 

statistics, ANOVA and factor analysis. The results are described in various forms in 

Chapters, 7, 8 and 9. The purpose behind this objective is to extract the most important risks 

that might have a negative influence on value creation.  

 To develop an assessment tool for assessing value creation in green 12.2.8

building development  

One of the main accomplishments of this investigation has been the development of two 

assessment tools for value creation and risk assessment during the early stages of green 

building development. The proposed assessment tool emerged through a combination of the 

outcomes from accomplishing the previous objectives in this investigation. The tools are 

intended to be applied at the earliest stages of design and development of green buildings. 

The assessment tools are useful in implementing part of the proposed value creation 

framework in Chapter 3. The tools serve as a vehicle for integrating value creation strategies 

into the green building requirements. They will also enable clients and consultants to identify 

the necessary values and requirements, and assist them in identifying the risks that may lead 

to value destruction. The tools will also encourage the consideration of e value creation 

strategies and value risks at the earliest stages of a project’s development. This should assist 

stakeholders to rethink and focus on the long-term outcomes and on creating value rather than 

only considering cost. The proposed framework and tools can be globally used in green 

building development; they are not limited to the Saudi context, providing the scoring system 

is changed to reflect the context of the application. 

 To apply (test) the assessment tool on real case studies 12.2.9

The proposed tool’s in this research potential for use in value creating assessment is 

demonstrated in the three case studies in Saudi Arabia. The test results demonstrated how 

some aspects of value creation were not taken into consideration during the design of the test 

buildings. This was carried out based on the work of three projects, two hotels and on office 
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building. Each of these projects was scored by the designer and then calculations were carried 

out to obtain the final result. The adopted method uses scores and weights to compute 

indicators for value creation and risks. An excellent project that includes most of the features 

that contribute to value creation should have a 100% score in each of the five value creation 

indicators. At the same time, such a project should have the lowest risk scores for each of the 

five categories so that the value created is preserved. By using this type of information, 

designers and consultants would be able to optimise the design to improve the building’s 

performance, leading to value creation and preservation. Value is improved and optimised by 

taking into consideration the value creation indicators while reducing or mitigating the risks 

that destroy value creation. The proposed assessment tools are not limited to the Saudi 

context however they can be globally used in green building development; by changing the 

scoring system to reflect the context of the application. 

 

 Generalisability, applicability and implications of the findings  12.3

The developed value creation framework and associated assessment risk and value tools are 

usable at the early stages of preparing a business case and design for developing green 

buildings. The framework and tools can be used to assist in sustainability and value for 

money analysis. The value generated from investment in green buildings will hinge on the 

level of value creation strategies inducted into the project brief and on the perceived risks 

from not including some of the value generating strategies. In addition, the proposed generic 

framework provides appropriate opportunities for the stakeholders to assess value and risk 

impacts before the actual construction starts. It will provide a cheap alternative simulation 

environment for testing what if scenarios. Although value drivers and risks are mainly 

derived for green building assets, as commonalities across similar building projects exists, 

this will provide appropriate opportunities for this research to be utilised in other building 

types as well.  

 Research Limitations  12.4

Each reach project is based on assumptions that suit the context of the project. Furthermore, 

research projects are conducted within a specific time period and within resource constraints. 

This research project is no different. Thus, several limitations have been identified, as 

follows:  
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 The developed tools are based on specific population data. The data were collected 

from the KSA context.  

 One of the major limitations is the number of survey respondents for creating 

generalisability of the results. Although the number of respondents is comparable to 

other studies, it is not possible to claim that their views represent the views of the 

majority of value experts in KSA. Due to the lack of professional databases in KSA, it 

was an impossible task to define the exact population. 

 The extraction of value drivers and risk factors was not from a specific type of 

building. 

 During the analysis of the data, no analysis was made on the basis of individual types 

of project.  

 The proposed value creation framework has not been tested or presented to a different 

set of experts to validate. However, the framework has been developed based on 

integrating several current best practices. The robustness of the proposed framework 

could have been demonstrated through case studies; however, its validation can be 

considered as a further research recommendation. 

 Knowledge contribution  12.5

This research contributes to the existing body of knowledge in the following areas: 

 Development of an integrated value creation framework. The developed framework 

creates syncretisation between corporate value creation gaols and values generated by 

the portfolio of projects. 

 Providing a comprehensive literature review to identify gaps in the knowledge in 

relation to value frameworks, value creation drivers and risks that influence value 

creation. 

 Compilation of a set of value creation drivers and risks.  

 Classification of value driver risks into useful and usable sets that map into the green 

building development process.  

 Development of an assessment tool to assess the inclusion of value creation strategies 

at earlier stages of project development.  

 From a practical perspective, this research has contributed to formalise some of the 

key value decisions in the development of green buildings.  
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 Recommendations for further research  12.6

The original contributions to knowledge listed above serve as a solid foundation on which to 

build further research in the area. Thus, this thesis has identified a number of areas that would 

benefit from further research: 

 There is an increasing endeavour in the industry to maximise value from investment 

in green development. Hence, further knowledge about value creation and risks will 

consolidate the theory of value creation in the development of green buildings.  

 Further work needs to be carried out to refine the extracted value drivers and risks. If 

this can be performed according to building type, it will increase the accuracy of the 

tools.  

 Further work needs to be conducted to test the proposed framework on case studies, 

although this might be difficult to achieve because of the confidential nature of 

investment information.  

 Further work is required to verify the correlation between risks and the value creation 

drivers. 

 Further investigation is required to demonstrate the implementation and use of the 

prosed tools and gather feedback from the users for further improvements.  

 There is also a need to verify how the proposed framework could be extended to 

prioritise investments in projects based on value creation and risks in conjunction with 

corporate objectives. 

 

  



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 254 

 

References  

Akintoye, A. (2000) Analysis of factors influencing project cost estimating practice. Construction 

Management & Economics, 18(1), pp. 77-89. 

Al-Yousefi, A. (2004) Value Management: Concept & Techniques, Fourth Edition ed., Twaig 

Publishing, Riyadh, Saudi Arabia. 

Al-Yousefi, A. (2009) Value Management: concept & Techniques, 5th ed., Riyadh, Saudi Arabia: 

Author. 

Al-Yousefi, A. (2010) Application of Value Engineering in Saudi Arabia and Arabian Gulf Countries, 

PowerPoint slides, Ministry of Water and Electricity. 

Al-Yousefi, A. (2011) Total Value Management, presentation, PowerPoint slides, Dubai, United Arab 

of Emirates. 

Al-Yousefi, A. S. (2008) The Synergy Between Value Engineering and Sustainable Construction, 

Dubai: the CTBUH 8th World Congress. 

Alalshikh, M. (2010) The Development of a Value Management Approach for the Saudi Public 

Sector. Unpublished PhD Thesis, University of Leeds. 

Alyami, S. H. and Rezgui, Y. (2012) Sustainable building assessment tool development approach. 

Sustainable Cities and Society, 5, pp. 52-62. 

Alyami, S. H., Rezgui, Y. and Kwan, A. (2013) Developing sustainable building assessment scheme 

for Saudi Arabia: Delphi consultation approach. Renewable and Sustainable Energy Reviews, 

27, pp. 43-54. 

Amaratunga, D., Baldry, D., Sarshar, M. and Newton, R. (2002) Quantitative and qualitative research 

in the built environment: application of “mixed” research approach. Work study, 51(1), pp. 

17-31. 

Arena, M. (2014) Chapter 4 - Value Drivers. in Arnaboldi, M., Azzone, G. and Giorgino, M., (eds.) 

Performance Measurement and Management for Engineers,San Diego: Academic Press. pp. 

51-68. 

Ashuri, B. and Durmus-Pedini, A. (2010) An overview of the benefits and risk factors of going green 

in existing buildings. International Journal of Facility Management, 1(1). 

ASTM International (2001) Standard Terminology for Sustainability Relative to the Performance of 

Buildings. E 2114-01, West Conshohocken, PA: ASTM International. 

Austin, G. W. (2012) Sustainability and Income-Producing Property Valuation: North American 

Status and Recommended Procedures (2012). Journal of Sustainable Real Estate, 4(1), pp. 

78-122. 

BEMU (2005) Design Quality for Building, Home Office, Design Policy and Accommodation 

Procurement Team, Buildings and Estate Management Unit. London. 

Birkenfeld, B., Brown, P., Kresse, N., Sullivan, J. and Thiam, P. (2011) Quantifying the Hidden 

Benefits of High-Performance Building, International Society of Sustainability Professionals, 

TAMU Mays Business School Cooperative Study. 

Blockley, D. and Godfrey, P. (2000) Doing it Differently: systems for rethinking construction, 

London, UK: Thomas Telford Ltd. 



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 255 

 

Bone, C. and Law, M. (2000) Value Management - The Best Practice Approach for Maximising 

Productivity, Performance & Value for Money, Management action notes, London: DTI 

(Department of Trade and Industry)  

Boussabaine, A. (2007) Cost Planning of PFI and PPP Building Projects, Abingdon, Oxon: Taylor & 

Francis. 

Boussabaine;, H. A. and Kirkham, R. J. (2004) Whole Life-cycle Costing: Risk and Risk Responses, 

9600 Garsington Road, Oxford OX4 2DQ, UK: Blackwell Publishing Ltd. 

Bowyer, J. (2013) Life Cycle Cost Analysis of Non-Residential Buildings, America.: Dovetail 

Partners, Inc. 

British Standards Institution (2000) Value Management. in  BS EN 12973: 2000,Britain: British 

Standards Institute. 

Bryman, A. (2008) Social Research Methods, 3rd ed., Oxford University Press. 

Burns, R. (2000) Introduction to Research Methods, 4th ed., Sage Publication, London. 

CABE (2006) The value handbook: getting the most from your buildings and spaces, Commission for 

Architecture and the Built Environment [online], available: 

http://webarchive.nationalarchives.gov.uk/20110118095356/http://www.cabe.org.uk/files/the-

value-handbook.pdf [accessed  

Cajias, M. and Bienert, S. (2011) Does sustainability pay off for European listed real estate 

companies? The dynamics between risk and provision of responsible information. Journal of 

Sustainable Real Estate, 3(1), pp. 211-231. 

Cambridge Dictionaries Online (2011) Value, Available: 

http://dictionary.cambridge.org/dictionary/british/value_1 [Accessed 18 Sep 2012]. 

Chappell, T. W. and Corps, C. (2009) High Performance Green Building: What’s it worth? 

Investigating the Market Value of High Performance Green Buildings, Available: 

https://living-future.org/sites/default/files/HighPerfGB_ValuationStudy.pdf [Accessed 18 th 

Aug 2015]. 

Chen, W. T., Chang, P.-Y. and Huang, Y.-H. (2010) Assessing the overall performance of value 

engineering workshops for construction projects. International Journal of Project 

Management, 28(5), pp. 514-527. 

Chiras, D. (2004) The New Ecological Home: A Complete Guide to Green Building Options, First 

Edition ed., Chelsea Green Publishing. United State. 

City Development (2015) Creating Value for the Future. Sustainability Report 2015. City 

DevelopmentS Limited. 

CMAA (2010) Standards of Practice Course: Value Engineering, Available: 

https://cmaanet.org/files/shared/Value_Engineering_2010.ppt [Accessed 13 Aug 2015]. 

Cole, R. J. (2003) Building environmental assessment methods: a measure of success, The future of 

Sustainable Construction, Special Issue, 1–8. 

Cole, R. J. (2005) Building environmental assessment methods: redefining intentions and roles. 

Building Research & Information, 33(5), pp. 455-467. 

Cole, R. J. and Larsson, N. (2002) Building challenge 2002: GBTool user manual. February 2002. , 

Available: http://www.ires.nus.edu.sg/davoslist/19.pdf [Accessed 12 Apr 2014]. 



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 256 

 

Colin, N. (2007) Introduction to Research and Research Methods. , Effective Learning Service. 

University of Bradford, School of Management. 

Collis, J. and Hussey, R. (2009) Business Research: A practical Guide for undergraduate and 

postgraduate students . 3rd ed., Palgrave Macmillan, China. 

Connaughton, J. N. and Green, S. D. (1996) Value Management in Construction: A Client's Guide, 

London, UK: CIRIA. 

Creswell, J. W. (2003) Research Design - Qualitative, Quantitative and Mixed Methods Approaches, 

2nd ed., Sage Publications. 

Dallas, M. (2006) Value and Risk Management, A guide to best practice, Oxford, UK: Blackwell 

Publising Ltd. 

Davies, R. (2005) Green Value Report: Green building, growing assets London. United Kingdom.: 

Royal Institution of Chartered Surveyors. 

Davis Langdon (2007) The Cost and Benefit of Achieving Green Buildings, Innovative thinking in 

property and construction, DAVIS LANGDON & SEAH INTERNATIONAL. 

Dell‘Isola, M. D. (2003) Value Analysis  Excerpt from The Architect’s, Handbook of Professional 

Practice, American Institute of Architects, published by John Wiley & Sons, Inc. 

Ding, G. K. (2008) Sustainable construction—The role of environmental assessment tools. Journal of 

environmental management, 86(3), pp. 451-464. 

Downton, P. (2011) Building Environmental Performance Assessment: Methods and Tools, , 

Available: http://www.comarchitect.org/wp-content/uploads/2013/08/EDG5_70_PD.pdf 

[Accessed 9 Sep 2015]. 

DQI (2014) DQI for Education: Guidance, 01 September 2014, Available: 

http://www.dqi.org.uk/perch/resources/dqi-schools-guidance-copy.pdf [Accessed 20th Jun 

2015]. 

 

Dryer, K. (2011) IGCC Series: Longevity and Adaptability in Green Building, Green Building Law 

Update, Environmental Law and Sustainability for Business, Codes and Regulations. 

Eggert, A., Ulaga, W. and Schultz, F. (2006) Value creation in the relationship life cycle: A quasi-

longitudinal analysis. Industrial Marketing Management, 35(1), pp. 20-27. 

Eichholtz, P., Kok, N. and Quigley, J. M. (2010) Sustainability and the dynamics of green building: 

New evidence of the financial performance of green office buildings in the USA, Research 

Report by RICS. 

Ellis, R. C. T., Wood, G. D. and Keel, D. A. (2005) Value management practices of leading UK cost 

consultants. Construction Management and Economics, 23(5), pp. 483-493. 

Field, A. (2005) Discovering statistics using SPSS, 2nd ed., SAGE Publications. 

Field, A. (2013) Discovering Statistics Using IBM SPSS Statistics, 4th ed., SAGE Publications Ltd. 

Fong, P. S.-w. (1999) Organisational knowledge and responses of public sector clients towards value 

management. International Journal of Public Sector Management, 12(5), pp. 445-454. 

Fong, P. S.-w., Shen, Q. and Cheng, E. W. L. (2001) A framework for benchmarking the value 

management process. Benchmarking: An International Journal, 8(4), pp. 306-316. 



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 257 

 

Fong, S.-w. and Shen, Q. (2000) Is the Hong Kong construction industry ready for value 

management? International Journal of Project Management, 18(5), pp. 317-326. 

Gann, D., Salter, A. and Whyte, J. (2003) Design quality indicator as a tool for thinking. Building 

Research & Information, 31(5), pp. 318-333. 

George, D. and Mallery, P. (2003) SPSS for Windows step by step: A simple guide and reference, 4th 

ed., 11.0 update. Boston: Allyn & Bacon. 

Ghauri, P., Grnhaug, K. and Kristianslund, I. (1995) Research Methods in Business Studies: A 

Practical Guide, Prentice Hall, Hemel Hempstead. 

Godfrey, P. S. (1996) Control of risk a guide to the systematic management of risk from construction, 

CIRIA. 

Goldberger, N. (2010) Green Commercial Real Estate: Corporate Social Responsibility, The 

University of British Columbia. ISIS, Sauder School of Business, UBC. 

GPS (2013) Assigning Weighting Factors. Weighting Factors Handout,  October 2013. Goals 

Performance Success. Human resource, Lehigh University. , Available: 

http://hr.lehigh.edu/sites/hr.lehigh.edu/files/GPS_WeightingFactors_2013.pdf [Accessed 15th 

Jun 2015]. 

Gray, D. E. (2014) Doing research in the real world, 3rd ed., SAGE Publications Ltd. London. 

Green Building Council (2013) The Business Case For Green Building: A Review of the Costs and 

Benefits for Developers, Investors and Occupants. , Available: 

http://www.worldgbc.org/files/1513/6608/0674/Business_Case_For_Green_Building_Report

_WEB_2013-04-11.pdf [Accessed 20 Aug 2015]. 

Green, S. D. (1994) Beyond value engineering: SMART value management for building projects. 

International Journal of Project Management, 12(1), pp. 49-56. 

Greenwood, M. (2002) The Management of a Project. in Kelly, J., Morledge, R. and Wilkinson, S., 

(eds.) Best Value in Construction,Oxford, UK: Blackwell. 

Gregory, K. (2006) Greening America’s Schools Costs and Benefits, , Available: 

http://www.leed.us/ShowFile.aspx?DocumentID=2908. 

Gritzo, L., Doerr, W., Bill, R., Nong, S. and Krasner, L. (2009) The Influence of Risk Factors on 

Sustainable Development FM Global, Boston USA. 

Haghnegahdar, L. and Asgharizadeh, E. (2008) The Risk and Value Engineering Structures and their 

Integration with Industrial Projects Management (A Case Study on IK Corporation). in  

Proceedings of World Academy of Science, Engineering and Technology: Citeseer. pp. 375-

383. 

Hallander, I. and Stanke, A. (2001) Lifecycle value framework for tactical aircraft product 

development, a DRAFT version of the forthcoming publication in the Proceedings of the 

Eleventh Annual International Symposium of INCOSE (July 2001): Massachusetts Institute 

of Technology and Linköping University. 

Hamilton, A. (2002) Considering value during early project development: a product case study. 

International Journal of Project Management, 20(2), pp. 131-136. 

Highways Agency (2009) Value Management Manual, 24 June. 



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 258 

 

Holosko, M. J. and Thyer, B. A. (2011) Pocket glossary for commonly used research terms, SAGE. 

Thousand Oaks, CA. 

ICE (1996) design and practice guide, Creating value in engineering, London, UK: Thomas Telford. 

IGBC (2012) Building Environmental Assessment Method for Ireland IGBC: Exploratory Study, Irish 

Green Building Council. UCD Energy Research Group. University College Dublin. 

Inbuilt (2010) BREEAM versus LEED. Enterprise House, Available: 

https://educnet.enpc.fr/pluginfile.php/15200/mod_resource/content/0/breeamvsleed.pdf 

[Accessed 14 Jun 2015]. 

Isa, M., Rahman, M. M. G. M. A., Sipan, I. and Hwa, T. K. (2013) Factors Affecting Green Office 

Building Investment in Malaysia. Procedia-Social and Behavioral Sciences, 105, pp. 138-

148. 

Jensen, M. P. (2003) Questionnaire validation: a brief guide for readers of the research literature. The 

Clinical journal of pain, 19(6), pp. 345-352. 

Jensen, T. (2011) Drivers of Environmental Performance Among Green Buildings, ISIS Research 

Centre, Canada. 

Jha, K. and Iyer, K. (2006) Critical determinants of project coordination. International Journal of 

Project Management, 24(4), pp. 314-322. 

Kats, G. (2003) Green Buildings Costs and Financial Benefits, Boston: Massachusetts Technology 

Collaborative. 

Kelly, J. (2007) Making client values explicit in value management workshops. Construction 

Management & Economics, 25(4), pp. 435-442. 

Kelly, J. and Duerk, D. (2002) Construction Project Briefing/Architectural Programming. in Kelly, J., 

Morledge, R. and Wilkinson, S., (eds.) Best Value in Construction,Oxford, UK: Blackwell. 

Kelly, J. and Male, S. (2002) Value Management. in Kelly, J., Morledge, R. and Wilkinson, S., (eds.) 

Best Value in Construction,Oxford, UK: Blackwell. 

Kelly, J., Male, S. and Graham, D. (2004) Value Management of Construction Projects, Oxford, UK: 

Blackwell Science Ltd. 

Kibert, C. J., Sendzimir, J. and Guy, B. (2000) Construction ecology and metabolism: natural system 

analogues for a sustainable built environment. Construction Management & Economics, 

18(8), pp. 903-916. 

Kirk, D. (1995) The integration of Value Management and Risk Management. in  Proceedings of the 

SAVE Annual Conference 1995. p 62-70. 

Kliniotou, M. (2004) Identifying, measuring and monitoring value during project development. 

European Journal of Engineering Education, 29(3), pp. 367-376. 

Krogstie, J., Dalberg, V. and Jensen, S. M. (2008) Process modeling value framework. in  Enterprise 

Information Systems: Springer. pp. 309-321. 

Langford, D. (2007) Revaluing Construction - Hard and Soft values. in Sexton, M., Kaehkoenen, K. 

and Lu, S., (eds.) CIB Priority Theme - Revaluing Construction: A W065 `Organisation and 

Management of Construction` Perspective,Rotterdam (Netherlands) in-house publishing. pp. 

66-75. 



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 259 

 

Lee, W., Chau, C., Yik, F., Burnett, J. and Tse, M. (2002) On the study of the credit-weighting scale 

in a building environmental assessment scheme. Building and Environment, 37(12), pp. 1385-

1396. 

Leek, S. and Christodoulides, G. (2012) A framework of brand value in B2B markets: The 

contributing role of functional and emotional components. Industrial Marketing Management, 

41(1), pp. 106-114. 

Li, Q. (2013) A novel Likert scale based on fuzzy sets theory. Expert Systems with Applications, 

40(5), pp. 1609-1618. 

Loftness, V. (2003) Linking Energy to Health and Productivity in the Built Environment, Available: 

http://www.usgbc.org/Docs/Archive/MediaArchive/207_Loftness_PA876.pdf [Accessed 25th 

Jul 2015]. 

Lovelock, C. H., Stiff, R., Cullwick, D. and Kaufman, I. M. (1976) An evaluation of the effectiveness 

of drop-off questionnaire delivery. Journal of Marketing Research, pp. 358-364. 

Lucuik, M., Trusty, W., Larsson, N. and Charette, R. (2005) A Business Case for Green Buildings in 

Canada, Ottawa: Morrison Hershfield. 

Lützkendorf, T. and Lorenz, D. (2006) Integrating Sustainability Issues into Property Risk 

Assessment – An Approach to Communicate the Benefits of Sustainable Design. In Paper 

Presented to the Rethinking Sustainable Construction Conference, Sarasota, Florida. 19–22 

September 2006. 

Lützkendorf, T. and Lorenz, D. (2007) Integrating sustainability into property risk assessments for 

market transformation. Building Research & Information, 35(6), pp. 644-661. 

Male, S., Kelly, J., Femie, S., Gronqvist, M. and Bowles, G. (1998) Value Management : the Value 

Management Benchmark : a Good Practice Framework for Clients and Practitioners, 

London: Thomas Telford. 

Malhotra, N. K. (2006) Questionnaire Design and Scale Development. in Grover, R. and Vriens, M., 

(eds.) The handbook of marketing research: uses, misuses, and future advances: Sage 

Publications. 

Markeset, T. and Kumar, U. (2003) Integration of RAMS and risk analysis in product design and 

development work processes: a case study. Journal of Quality in Maintenance Engineering, 

9(4), pp. 393-410. 

Matthiessen, L. F. and Morris, P. (2007) Cost of Green Revisited: Re-examining the Feasibility and 

Cost Impact of Sustainable Design in the Light of Increased Market Adoption, Davis 

Langdon. 

Maylor, H. and Blackmon, K. (2005) Researching Business and Management, palgrave macmillan, 

Great Britain. 

McGeorge, D. and Palmer, A. (2002) Construction Management new directions, 2nd ed., Oxford, UK: 

Blackwell Science. 

Medda, F. (2007) A game theory approach for the allocation of risks in transport public private 

partnerships. International Journal of Project Management, 25(3), pp. 213-218. 

Merna, A. and Lamb, D. (2003) Project Finance: the Guide to Value and Risk Management in PPP 

Projects London: Euromoney Institutional Investor PLC. 



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 260 

 

Mootanah, D. P., Poynter-Brown and Jefferyes, M. (1998) A strategy for managing project risks in 

value management studies. . in  In SAVE International Proceedings (pp. 266-274). 

Morgan, G. A., Leech, N. L., Gloeckner, G. W. and Barret, K. C. (2004) SPSS for introductory 

statistics: Use and interpretation, 2nd ed., Lawrence Erlbaum Associate Publishers. 

Muldavin, S. R. (2010) Value beyond cost savings: How to underwrite sustainable properties, Green 

Building FC. 

NAO (2004) Getting Value for Money from Construction Projects through Design: How Auditors 

Can Help, Guidelines to help auditors take account of good design in public sector built 

environment projects, London: National Audit Office. Davis Langdon & Everest. Stairway 

Communications Ltd. 

Naoum, S. G. (2007) Dissertation Research & Writing for Construction Students, 3rd ed., Routledge. 

New York. 

NASA (2001) Report on Sustainable Design, Design for Maintainability and Total Building 

Commissioning: for National Aeronautics and Space Administration Facilities Engineering 

Division (NASA), (March 7, 2001), Available: 

http://www.wbdg.org/pdfs/nasacommissioning.pdf#search='building%20maintainability 

[Accessed 29 Aug 2013]. 

National Productivity Council (2003) Value Engineering and Analysis, Available: 

http://www.productivity.in/knowledgebase/General/Value%20Engineering%20and%20Analy

sis.pdf [Accessed 20 Oct 2012]. 

NOAA (2007) Introduction to Survey: Design & Delivery, Social science tools for costal programs. 

The National Oceanic and Atmospheric Administration’s Costal Service Centre. Charleston, 

SC. 

Nogeste, K. and Walker, D. H. T. (2005) Insights from practice Project outcomes and outputs: making 

the intangible tangible. Measuring Business Excellence, 9(4), pp. 55-68. 

Norusis, M. J. (2000) SPSS 10.0 Guide to data analysis, Prentice Hall, Englewood Cliffs, N.J. 

O’Mara, M. (2012) Why invest in high-performance green buildings?, Available: 

http://www2.schneider-electric.com/documents/support/white-papers/buildings/Why-Invest-

in-High-Performance-Green-Buildings.pdf [Accessed 1 Aug 2015]. 

OGC (2003) Achieving Excellence in Construction: Procurement  Guide 04 Risk and value 

management: Office of Government Commerce. 

OJALA, P. (2015) Advancing Risk and Value Management Practices for Processes and Products, 

Available: http://www.iiisci.org/Journal/CV$/sci/pdfs/QS302SS.pdf [Accessed 20 Aug 2015]. 

Ostime, N. (2013) RIBA Job Book, 9th edition ed., London, United Kinkdom: RIBA Publishing. 

Oxford English Dictionaries (2012) Value, Available: 

http://oxforddictionaries.com/definition/english/value?q=value [Accessed 18 Sep 2012]. 

Panneerselvam, R. (2012) Production and Operation Management, New Delhi, India: PHI Learning 

Private Limited. 

Parasumraman, A. (1991) Marketing Research, 2nd ed., Addison-Wesley. Reading. 

Parker, D. (2008) Valuation of Green Buildings: Is Greed Becoming Fear? . Australian and New 

Zealand Property Journal, 1(7). 



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 261 

 

Pasquire, C. and Swaffield, L. (2002) Life-cycle/Whole-life Costing. in Kelly, J., Morledge, R. and 

Wilkinson, S., (eds.) Best Value in Construction,Oxford, UK: Blackwell. 

PBS-PQ250 (1992) Value Engineering Program Guide for Design and Construction -Volume 1, 

Internal Operations and Management. U.S. General Services Administration. Public Buildings 

Service. 

Pulaski, M. H. (2004) Field Guide for Sustainable Construction, The Partnership for Achieving 

Construction Excellence, The Pennsylvania State University. 

Punch, K. F. (2005) Introduction to Social Research: Quantitative & qualitative approaches, 2nd ed., 

SAGE Publications. 

RIBA (2007) Outline Plan of Work, Royal Institute of British Architects. 

Robson, C. (2005) Real World Research: A resource for Social Scientists and Practitioner-

Researchers, 2nd ed., Blackwell Publishing, United Kingdom. 

Saunders, M., Lewis, P. and Thornhill, A. (2009) Research methods for business students, 5th ed., FT 

Prentice Hall, Italy. 

SAVE International (2007) Value Standard and Body of Knowledge, Available: http://www.value-

eng.org/pdf_docs/monographs/vmstd.pdf [Accessed 20 Sep 2012]. 

Saxon, R. (2005) Be Valuable: A guide to creating value in the built environment London: 

Constructing Excellence. 

Shen, Q. and Liu, G. (2003) Critical success factors for value management studies in construction. 

Journal of Construction Engineering and Management, 129(5), pp. 485-491. 

Slaughter, E. S. (2001) Design strategies to increase building flexibility. Building Research & 

Information, 29(3), pp. 208-217. 

Sleeuw, M. (2011) A Comparison of BREEAM and LEED Environmental Assessment Methods, A 

report to the university of East Anglia estates and buildings division, November 2011. 

Smith, N. (2002) Risk Management. in Kelly, J., Morledge, R. and Wilkinson, S., (eds.) Best Value in 

Construction,Oxford, UK: Blackwell. 

Snoj, B., Pisnik Korda, A. and Mumel, D. (2004) The relationships among perceived quality, 

perceived risk and perceived product value. Journal of Product & Brand Management, 13(3), 

pp. 156-167. 

SPSS 22.0.0.1 (2014) SPSS Inc. (Jan 2014). SPSS 22.0.0.1 for Windows. 

 

Teijlingen, E. R. v. and Hundley, V. (2001) Social Research UPDATE: The importance of pilot 

studies, Issue 35. Department of Sociology, University of Surrey, Guildford. 

Then, D. S. (2002) Post-occupancy Evaluation. in Kelly, J., Morledge, R. and Wilkinson, S., (eds.) 

Best Value in Construction,Oxford, UK: Blackwell. 

Thiry, M. (1997) A Framework For Value Management Practice, Sylva, NC, USA: Project 

Management Institute. 

Tiong, R. L. (1990) BOT projects: risks and securities. Construction Management and Economics, 

8(3), pp. 315-328. 



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 262 

 

Todd, J. A., Crawley, D., Geissler, S. and Lindsey, G. (2001) Comparative assessment of 

environmental performance tools and the role of the Green Building Challenge. Building 

Research & Information, 29(5), pp. 324-335. 

Vakili-Ardebili, A. and Boussabaine, H. (2010) Ecological Building Design; Fuzzy Approach. An 

Eco-Design Model, Saarbrucken. Author and VDM Verlag Dr. Muller. 

Vangilder (2011) The Risks and Rewards of Value Engineering, Professional Liability Agents 

Network, Available: http://www.cavignac.com/publications/professional-liability-update-

value-engineering-the-good-the-bad-and-the-better/. 

VM Services (2011) Brief Introduction to the Value Management & Value Engineering Methodology, 

Available: http://www.vmservices.co.za/academy/14-brief-introduction-to-the-value-

management-value-engineering-methdodology [Accessed 20 Sep 2012]. 

Walliman, N. (2011) Research Methods: The Basics, Taylor & Francis. Nicholas Walliman. USA and 

Canada. 

Wi, H. and Jung, M. (2010) Modeling and analysis of project performance factors in an extended 

project-oriented virtual organization (EProVO). Expert Systems with Applications, 37(2), pp. 

1143-1151. 

Wiedemer, J. P., Goeters, J. E. and Graham, J. E. (2011) Real Estate Investment: South-Western 

Cengage Learning, Real Estate  

Winter, M., Smith, C., Morris, P. and Cicmil, S. (2006) Directions for future research in project 

management: The main findings of a UK government-funded research network. International 

Journal of Project Management, 24(8), pp. 638-649. 

Woodhead, R. M. and Downs, C. (2001) Value management [electronic book] : improving 

capabilities / Roy M. Woodhead, Clive G. Downs, Online access with purchase: ICE Virtual 

Library, London : Thomas Telford, 2001. 

Wu, B. C. (2000) Risk Management Enhances the Effectiveness of Target Costing. in  SAVE 

International Conference Proceedings. p 283-289. 

Yang, J., Zou, P. and Keating, B. (2013) Analysing stakeholder-associated risks in green buildings: A 

social network analysis method. in  WBC13: Queensland University of Technology. pp. 1-12. 

Yates, A., Kapoor, P. and Rao, S. (2000) Green buildings revisited: small projects, BRE, IP 13/00. 

Yin, R. K. (2003) Case study research: Design and methods 3rd ed., Thousand Oaks, CA: Sage. 

Zimmerman, L. W. and Hart, G. D. (1982) Value Engineering - A Practical Approach for Owners, 

Designers and Contractors New York, USA: Van Nostrand Reinhold Inc. 

Zou, P. and Couani, P. (2011) Risks in green building development: A supply chain perspective. 

Zou, P. X., Zhang, G. and Wang, J. (2007) Understanding the key risks in construction projects in 

China. International Journal of Project Management, 25(6), pp. 601-614. 

Zurich (2011) Green Building: What are the Risks?, Zurich Services Corporation. American Lane, 

Schaumburg, Illinois. 

 

  



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 263 

 

 

 

 

 

 

 

Appendix A 

Questionnaire 

  



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 264 

 

Dear Sirs;                                                                                             

I am a PhD student at the University of Liverpool in the United Kingdom. I am undertaking 

research about “Value Creation and Risk Assessment for Green Building Design in Saudi 

Arabia ". 

Confidentiality is assured in this research. All answers are considered a part of a whole.  

The objectives of this questionnaire are; to find the most significant value drivers and risk factors that 

have an impact on the project value created by green building design and to develop an assessment 

tool for assessing value creation in green building development. 

Strict confidence will be adopted in published results and all information about you and your 

organization will remain confidential. 

Participants consent 

Do you wish to participate in this study?* 

 

 #Yes   #No 

 

Thank you for your cooperation. 

Please do not hesitate to get in touch with my supervisor if you have any queries about this research, 

which his address for contacting is shown below: 

Dr. Halim Boussabaine 

Tel: 0151 794 2619 

E-mail: halim@liv.ac.uk 

If you have any further queries about any question in my questionnaire or any point you would like to 

know about it, this is my contacting address: 

Wael H. Alattyih 

+44790 966 6508 

E-mail: alattyih@liverpool.ac.uk 

*By saying YES you acknowledge that you have given consent to participate in this study. You understand that your participation is voluntary and that you can 

discontinue the completion of the interview questionnaire at any time. It is not possible to withdraw your answers once you have completed questionnaire.  

mailto:alattyih@liverpool.ac.uk
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Respondent information (Optional): 

Name: 

 

Organisation name: 

 

Email: 

 

Phone: 

Postal address: 

 

 

 

Job description:  

         Manager                Engineer                Architect   

 

 

How many years of experience do you have? (Please choose one)  

        0-5 years    6-10 years    More than 10 
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A-1: How important are the following Financial Performance Attributes to the project value created by green 

building designs? 

N
u

m
b

er 

Controllable value attributes     

Rate the 

importance of 
Financial 

Performance 

attributes for 
project value 

creation (Please 

tick one box) 

E
x

trem
ely

 im
p
o

rtan
t 

V
ery

 im
p
o

rtan
t 

M
o
d

erately
 im

p
o

rtan
t 

S
lig

h
tly

 im
p
o

rtan
t 

N
o

t im
p

o
rtan

t   

1 Efficiency of capital expenditure (CAPEX)      
2 Efficiency of Operational expenditure  (OPEX)      

3 Maximise the cost efficiency to build       
4 Deliver / achieve Cost certainty        

5 Improve economic efficiency       
6 Increase economic lifetime       

7 Consider state of inflation       
8 Maximise Return on capex       

9 Return on investment       
10 Create Investment planning and asset allocation      

11 Maximise residual value      
12 Minimise cost of capital       

13 Prevent Legal and potential damages costs - provide adequate insurance cover to 

protect Legal and potential damages costs  

     

14 Prevent loss of revenue       

15 Optimise risk-return ratio of alternative options      
16 Reduce the fees payable       

17 Increase Turnover       
18 Maximise sale price       

19 Maximise rental price       
20 Maximise occupancy rate       
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A-2: How important are the following Functional Performance Attributes to the project value created by green 

building designs? 

N
u

m
b

er 

Controllable value attributes   

Rate the 

importance of 

Functional 

Performance 
attributes for 

project value 

creation (Please 
tick one box) 

E
x

trem
ely

 im
p
o

rtan
t 

V
ery

 im
p
o

rtan
t 

M
o
d

erately
 im

p
o

rtan
t 

S
lig

h
tly

 im
p
o

rtan
t 

N
o

t im
p

o
rtan

t   

21 Maintain adaptable building - useful to all       
22 Increase life of services       

23 Provide function – fitness for purpose        
24 Offer flexibility and the potential to cater for user changes in the future      
25 Accommodate growth        

26 Provide inherent possibilities and values in alternative uses        
27 Increase ease of use        

28 Increase efficiency – add capacity        
29 Adequate size and efficiency (gross internal, net internal and net usable areas and ratio)       

30 Achieve spatial quality        
31 Allow for space allowance        

32 Allow/ease of/control/secure accessibility        
33 Provide disability access        

34 Assure convenience        
35 Provide durable building –last longer        

36 Maintain durability        
37 Enable Buildability        

38 Create reliable building – safer        
39 Maintain Security – health and safety        

40 Suitability and maintainability of materials         
41 Meet all statutory requirements and building regulations        

42 Ensure designed elements are standardized        
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A-2: How important are the following Functional Performance Attributes to the project value created by green 

building designs? 

N
u

m
b

er 

Controllable value attributes   

Rate the 

importance of 
Functional 

Performance 

attributes for 
project value 

creation (Please 

tick one box) 

E
x

trem
ely

 im
p
o

rtan
t 

V
ery

 im
p
o

rtan
t 

M
o
d

erately
 im

p
o

rtan
t 

S
lig

h
tly

 im
p
o

rtan
t 

N
o

t im
p

o
rtan

t   

43 Configure design to enable an efficient construction process        
44 Ensure construction efficiency is considered in specification        
45 Reduce risk of failure        

46 Provide functional ability of the foundations requirements (strength and stability)      
47 Ensure substructure functional requirements meet a satisfactory level of performance      

48 Ensure superstructure functional requirements meet a satisfactory level of performance      
49 Ensure functional requirements of exterior closures meet a satisfactory level of 

performance 

     

50 Ensure roofing functional requirements well meet a satisfactory level of performance      
51 Ensure interior construction functional requirements meet a satisfactory level of 

performance 

     

52 Ensure functional requirements of site work meets a satisfactory level of performance      
53 Ensure mechanical functional requirements  meet a satisfactory level of performance      

54 Ensure electrical functional meet a satisfactory level of performance      

 

  



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 269 

 

Page 6 out of 11 

 

A-3: How important are the following Operational Performance Attributes to the project value created by green 

building designs? 

N
u

m
b

er 

Controllable value attributes   

Rate the 

importance of 

Operational 

Performance 
attributes for 

project value 

creation (Please 
tick one box) 

E
x

trem
ely

 im
p
o

rtan
t 

V
ery

 im
p
o

rtan
t 

M
o
d

erately
 im

p
o

rtan
t 

S
lig

h
tly

 im
p
o

rtan
t 

N
o

t im
p

o
rtan

t   

55 Reduce/minimise/save energy usage        
56 Maintain efficiency in terms of energy        

57 Increase efficiency of utilities        
58 Increase efficiency of heating, cooling and lighting        

59 Easy  to clean         
60 Easy  to maintain        

61 Easy to manage        
62 Easy to operate         

63 Easy to inspect and maintain         
64 Ease of running and managing the building’s equipment        

65 Provide building systems that are easy to operate and control         
66 Manage maintenance and servicing of equipment         

67 Accommodate telecommunications         
68 Provide security services         

69 Reduce operational risk         
70 Improve waste management - reducing and dealing with waste         
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A-4: How important are the following Environmental Performance Attributes to the project value created by green 

building designs? 

N
u

m
b

er 

Controllable value attributes   

Rate the 

importance of 
Environmental 

Performance 

attributes for 
project value 

creation (Please 

tick one box) E
x

trem
ely

 im
p
o

rtan
t 

V
ery

 im
p
o

rtan
t 

M
o
d

erately
 im

p
o

rtan
t 

S
lig

h
tly

 im
p
o

rtan
t 

N
o

t im
p

o
rtan

t   

71 Provide low carbon in use        
72 Accommodate energy and carbon efficiency        

73 Provide indoor environmental quality        
74 Access to natural light, management of air quality and temperature       

75 Increase use of natural ventilation        
76 Ensure lighting and acoustic criteria for the facility design meet a satisfactory level of 

performance 

     

77 Specifying low-maintenance, durable, environmentally preferable materials and 

equipment 

     

78 Maximise resource reuse        

79 Use renewable or recyclable resources         
80 Minimise consumption of resources         

81 Conserve water resources         
82 Respond to site microclimate         

83 Conform/ adapt to future changes         
84 Consider people and their local environment         

85 Design for minimum waste           
86 Obtain environmental certification from appropriate bodies       
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A-5: How important are the following Management Performance Attributes to the project value created by green 

building designs? 

N
u

m
b

er 

Controllable value attributes    

Rate the 
importance of 

Management  

Performance 
attributes for 

project value 

creation (Please 
tick one box) 

E
x

trem
ely

 im
p
o

rtan
t 

V
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 im
p
o

rtan
t 

M
o
d

erately
 im

p
o

rtan
t 

S
lig

h
tly

 im
p
o

rtan
t 
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o
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t   

87 Provide effective project management and delivery        
88 Provide risk management        

89 Create strategic planning         
90 Choose an appropriate procurement approach         

91 Provide cost control to achieve the project objectives         
92 Produce effective plans to achieve the project objectives         

93 Lead work design and delivery planning         
94 Maximise organisational efficiency         

95 Able to design to scope/cost/budget/schedule/quality      
96 Able to construct to scope/cost/budget/schedule/quality      

97 Completed to specification        
98 Maintain Stakeholders interaction – accountability/clear expectations       
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B-1: What is the likelihood of the following Risk Factors having an impact on the project value created by green 

building design? 

N
u

m
b

er 

Risk factors    

Rate the 

likelihood impact 
of the risk factors 

on project value 

creation (Please 
tick one box) 

V
ery

 L
ik

ely
  

L
ik

ely
                 

N
eu

tral                

U
n

lik
ely

  

V
ery

 U
n

lik
ely

    

1 Insufficient funding         
2 Funding is unavailable       

3 Failure to consider implication of economic conditions          
4 Inadequate inflation forecasts         

5 Inappropriate cost evaluation criteria         
6 Failure to consider future operational costs          

7 Failure to recognise cost as resource expenditure         
8 Failure to consider the cost of losing potential revenue         

9 Uncertainty about prices          
10 Failure to identify cost-value relationships         

11 Failure to recognise cost-value mismatches          
12 Failure to appropriately locate cost-to-function allocation      

13 Failure to identify cost-to-worth relationships         
14 Failure to link or identify performance-to-cost relationships         

15 Failure to consider constructability issues        
16 Failure to appreciate design uncertainty         

17 Failure to examine specifications due to unnecessary expense       
18 Failure to translate specification into the design         

19 Failure to design to brief/specification         
20 Failure to consider construction implications during design         

21 Design changes         
22 Redesign / rework         
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B-1: What is the likelihood of the following Risk Factors having an impact on the project value created by green 

building design? 

N
u

m
b

er 

Risk factors    

Rate the 

likelihood impact 

of the risk factors 
on project value 

creation (Please 

tick one box) 

V
ery

 L
ik

ely
  

L
ik

ely
                 

N
eu

tral                

U
n

lik
ely

  

V
ery

 U
n

lik
ely

    

23 Failure to consider changes to current design standards         
24 Failure to examine attributes which have no useful function      

25 Failure to identify and understand functions         
26 Unsuitable functional analysis         

27 Failure to identify appropriate alternative function         
28 Poor design that may lead to higher operation costs         

29 Unproven construction techniques           
30 Failure to consider legislative/regulation Issues         

31 Failure to consider new/change in technology         
32 Failure to meet performance or design standards         

33 Failure to integrate the various systems to achieve the lowest life-cycle costs      
34 Failure to choose/specify reliable of materials         

35 Failure to identify low-value, long-lead-time items       
36 Failure to consider design risks         

37 Failure to consider Inter-dependence between components in design         
38 Failure to consider obsolescence of equipment impact       

39 Failure to consider design impact on operating efficiency         
40 Insufficient space and capacity         

41 Failure to consider construction health and safety         
42 Failure to consider component repair and replacement         

43 Failure to consider maintainability and reparability impact         
44 Failure to consider increase in routine maintenance          
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Thank you very much for taking your time to complete this questionnaire 

  

B-1: What is the likelihood of the following Risk Factors having an impact on the project value created by green 

building design? 

N
u

m
b

er 

Risk factors    

Rate the 

likelihood impact 
of the risk factors 

on project value 

creation (Please 
tick one box) 

V
ery

 L
ik

ely
  

L
ik

ely
                 

N
eu

tral                

U
n

lik
ely

  

V
ery

 U
n

lik
ely

    

45 Failure to consider increase in life cycle replacement            
46 Limited knowledge of maintenance issues             

47 Failure to consider implication of environmental risks            
48 Lack of background information          

49 Poor project management            
50 Poor definition of the scope and objectives of projects           

51 Project scope Unscheduled Items            
52 Failure to consider construction Techniques           

53 Lack of coordination and decision making           
54 Poor Team Relationships           

55 Programming Issues          
56 Failure to consider procurement method            

57 Improper project planning and budgeting          
58 Failure to build to design           

59 Failure to identify complex items or processes with little or no value added to the 
facility  

     

60 Failure to consider rate of deterioration of components           

61 Lack of considering early failure of components and equipment            
62 Failure to consider delay and higher cost due to bad weather conditions during 

construction 

     

63 Incorrect cost estimate          
64 Incorrect time estimate          

65 Incorrect estimated cost of maintenance          
66 Incorrect estimated cost of energy used          
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Table 1 Statistical ranking results for value attributes 

Code  Value attribute  Mean Std. 

Deviation 

Severity 

index 

Coefficient 

of variation  

Overall 

Ranking 

Manager  Engineer Architect 0 to 5 6 to 10 More than 

10 

VFI1 Efficiency of capital expenditure 

(CAPEX) 

4.17 0.742 83.37 17.80 16 12 19 80 54 24 10 

VFI2 Efficiency of Operational expenditure  

(OPEX) 

4.16 0.737 83.15 17.73 19 9 56 36 11 19 30 

VFI3 Maximise the cost efficiency to build  3.96 0.916 79.10 23.16 48 54 38 79 66 66 43 

VFI4 Deliver / achieve Cost certainty   3.93 0.939 78.65 23.88 56 45 47 85 34 93 37 

VFI5 Improve economic efficiency  4.19 0.838 83.82 19.99 13 19 7 35 10 43 14 

VFI6 Increase economic lifetime  4.11 0.897 82.25 21.82 29 22 29 51 33 45 22 

VFI7 Consider state of inflation  3.72 1.158 74.38 31.13 87 53 96 84 90 88 75 

VFI8 Maximise Return on capex  3.75 1.080 75.06 28.77 83 39 92 90 83 74 81 

VFI9 Return on investment  3.85 1.093 77.08 28.36 68 43 88 68 75 82 58 

VFI10 Create Investment planning and asset 

allocation 

3.71 1.120 74.16 30.21 88 81 91 74 63 47 94 

VFI11 Maximise residual value 3.83 1.025 76.63 26.75 71 72 75 73 80 56 80 

VFI12 Minimise cost of capital  3.92 1.014 78.43 25.85 59 47 65 67 16 64 69 

VFI13 Prevent Legal and potential damages 

costs - provide adequate insurance 
cover to protect Legal and potential 

damages costs  

3.45 1.261 68.99 36.57 96 98 95 59 92 97 93 

VFI14 Prevent loss of revenue  3.78 1.009 75.51 26.71 81 59 90 72 62 87 74 

VFI15 Optimise risk-return ratio of 

alternative options 

3.81 0.964 76.18 25.30 75 63 86 78 53 77 79 

VFI16 Reduce the fees payable  3.25 1.237 64.94 38.08 98 97 97 98 93 98 96 

VFI17 Increase Turnover  3.70 1.060 73.93 28.66 89 84 80 92 78 94 77 

VFI18 Maximise sale price  3.64 1.170 72.81 32.14 92 58 81 97 96 91 84 

VFI19 Maximise rental price  3.42 1.176 68.31 34.42 97 80 98 96 91 96 98 

VFI20 Maximise occupancy rate  3.76 1.056 75.28 28.04 82 57 69 94 39 95 68 

VFU1 Maintain adaptable building - useful 

to all  

4.20 0.786 84.04 18.70 11 8 33 48 23 22 13 

VFU2 Increase life of services  4.27 0.765 85.39 17.92 6 5 28 15 7 9 11 

VFU3 Provide function – fitness for purpose   4.28 0.839 85.62 19.60 5 4 12 47 22 26 4 

VFU4 Offer flexibility and the potential to 

cater for user changes in the future 

3.84 0.903 76.85 23.51 70 51 84 77 28 52 87 

VFU5 Accommodate growth   3.85 0.960 77.08 24.91 66 61 83 58 61 51 76 

VFU6 Provide inherent possibilities and 
values in alternative uses   

3.78 0.926 75.51 24.54 79 66 82 86 38 55 91 

VFU7 Increase ease of use   3.80 0.894 75.96 23.54 77 77 72 83 27 67 89 

VFU8 Increase efficiency – add capacity   4.00 0.917 80.00 22.93 42 18 74 57 37 54 41 

VFU9 Adequate size and efficiency (gross 

internal, net internal and net usable 

areas and ratio)  

3.96 0.988 79.10 24.97 49 42 68 46 9 86 53 

VFU10 Achieve spatial quality   3.82 1.018 76.40 26.64 72 90 61 50 70 81 66 

VFU11 Allow for space allowance   3.70 0.993 73.93 26.87 90 89 89 66 72 84 90 

VFU12 Allow/ease of/control/secure 

accessibility   

3.93 0.951 78.65 24.18 55 65 52 52 79 36 59 

VFU13 Provide disability access   4.12 0.850 82.47 20.62 27 21 39 12 26 8 38 

VFU14 Assure convenience   4.16 0.865 83.15 20.80 18 11 44 41 12 30 26 

VFU15 Provide durable building –last longer   4.04 0.964 80.90 23.84 34 28 51 34 15 65 36 

VFU16 Maintain durability   4.03 0.982 80.67 24.35 35 60 27 20 32 35 45 

VFU17 Enable Buildability   3.75 1.003 75.06 26.73 84 83 79 82 77 21 95 

VFU18 Create reliable building – safer   4.13 0.907 82.70 21.93 25 16 37 33 21 29 25 
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VFU19 Maintain Security – health and safety   4.04 1.043 80.90 25.80 33 26 46 27 6 68 40 

VFU20 Suitability and maintainability of 

materials    

4.26 0.805 85.17 18.91 9 7 9 40 2 11 19 

VFU21 Meet all statutory requirements and 
building regulations   

4.13 0.944 82.70 22.82 23 14 41 32 52 25 18 

VFU22 Ensure designed elements are 

standardised   

4.30 0.858 86.07 19.94 4 6 13 6 1 1 20 

VFU23 Configure design to enable an 
efficient construction process   

4.20 0.842 84.04 20.03 12 27 3 23 51 7 12 

VFU24 Ensure construction efficiency is 

considered in specification   

4.12 0.890 82.47 21.57 26 38 16 19 50 4 29 

VFU25 Reduce risk of failure   3.93 0.939 78.65 23.88 57 46 50 76 69 63 49 

VFU26 Provide functional ability of the 

foundations requirements (strength 

and stability) 

4.01 1.050 80.22 26.17 40 41 64 9 71 44 35 

VFU27 Ensure substructure functional 

requirements meet a satisfactory level 
of performance 

4.00 0.953 80.00 23.84 41 40 58 22 60 28 48 

VFU28 Ensure superstructure functional 

requirements meet a satisfactory level 

of performance 

4.02 0.988 80.45 24.57 37 36 63 14 76 41 31 

VFU29 Ensure functional requirements of 

exterior closures meet a satisfactory 

level of performance 

3.69 1.114 73.71 30.23 91 79 93 71 97 75 85 

VFU30 Ensure roofing functional 
requirements well meet a satisfactory 

level of performance 

3.74 1.072 74.83 28.64 86 87 87 56 87 80 78 

VFU31 Ensure interior construction 
functional requirements meet a 

satisfactory level of performance 

3.88 0.987 77.53 25.45 65 50 71 75 86 53 55 

VFU32 Ensure functional requirements of 
site work meets a satisfactory level of 

performance 

3.63 1.142 72.58 31.47 93 96 73 89 98 83 88 

VFU33 Ensure mechanical functional 

requirements  meet a satisfactory 
level of performance 

3.90 0.966 77.98 24.77 63 56 70 54 85 42 57 

VFU34 Ensure electrical functional meet a 

satisfactory level of performance 

3.89 0.982 77.75 25.26 64 55 67 63 81 50 60 

VOP1 Reduce/minimise/save energy usage   4.37 0.774 87.42 17.72 3 3 11 4 14 18 2 

VOP2 Maintain efficiency in terms of 
energy   

4.44 0.656 88.76 14.79 2 2 5 8 5 3 1 

VOP3 Increase efficiency of utilities   4.07 0.780 81.35 19.19 32 25 32 53 65 33 28 

VOP4 Increase efficiency of heating, 

cooling and lighting   

4.11 0.935 82.25 22.73 30 23 25 39 64 58 6 

VOP5 Easy  to clean    3.84 1.086 76.85 28.26 69 94 36 55 43 73 72 

VOP6 Easy  to maintain   3.99 1.006 79.78 25.21 44 78 26 11 31 76 34 

VOP7 Easy to manage   3.78 1.063 75.51 28.17 80 85 78 62 20 90 86 

VOP8 Easy to operate    4.02 0.988 80.45 24.57 36 70 18 31 19 62 39 

VOP9 Easy to inspect and maintain    3.97 1.027 79.33 25.90 47 74 49 5 13 79 47 

VOP10 Ease of running and managing the 
building’s equipment   

3.94 0.981 78.88 24.88 52 75 43 26 30 72 50 

VOP11 Provide building systems that are 

easy to operate and control    

3.99 0.911 79.78 22.83 45 35 76 18 59 23 56 

VOP12 Manage maintenance and servicing of 
equipment    

3.90 0.867 77.98 22.23 62 52 77 49 58 48 67 

VOP13 Accommodate telecommunications    3.51 1.159 70.11 33.07 95 95 94 93 95 92 97 

VOP14 Provide security services    3.81 0.952 76.18 24.99 76 86 53 69 84 34 83 

VOP15 Reduce operational risk    4.02 0.904 80.45 22.48 39 34 48 38 18 38 54 

VOP16 Improve waste management - 
reducing and dealing with waste    

3.82 0.948 76.40 24.82 74 64 60 91 82 32 82 

VEN1 Provide low carbon in use   3.92 1.036 78.43 26.42 58 49 31 88 57 46 63 

VEN2 Accommodate energy and carbon 

efficiency   

3.82 0.972 76.40 25.44 73 69 57 87 67 70 71 

VEN3 Provide indoor environmental quality   4.15 0.847 82.92 20.42 22 24 8 45 25 40 15 
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VEN4 Access to natural light, management 

of air quality and temperature  

4.26 0.948 85.17 22.26 8 10 24 3 8 15 8 

VEN5 Increase use of natural ventilation   4.15 0.948 82.92 22.87 20 33 20 2 29 17 27 

VEN6 Ensure lighting and acoustic criteria 
for the facility design meet a 

satisfactory level of performance 

3.91 0.937 78.20 23.97 61 76 34 70 56 49 62 

VEN7 Specifying low-maintenance, durable, 

environmentally preferable materials 
and equipment 

4.17 0.843 83.37 20.21 14 15 22 44 24 12 23 

VEN8 Maximise resource reuse   3.96 0.999 79.10 25.26 50 73 23 61 68 14 65 

VEN9 Use renewable or recyclable 

resources    

3.92 1.047 78.43 26.70 60 82 21 65 89 13 61 

VEN10 Minimise consumption of resources    4.00 0.879 80.00 21.98 43 62 17 60 74 20 46 

VEN11 Conserve water resources    4.17 0.956 83.37 22.94 15 17 15 43 36 6 24 

VEN12 Respond to site microclimate    3.94 0.958 78.88 24.28 54 68 55 17 49 61 51 

VEN13 Conform/ adapt to future changes    3.80 0.956 75.96 25.16 78 93 66 37 35 89 73 

VEN14 Consider people and their local 

environment    

3.85 0.936 77.08 24.29 67 88 59 21 48 78 64 

VEN15 Design for minimum waste      3.75 0.969 75.06 25.81 85 91 62 81 88 85 70 

VEN16 Obtain environmental certification 

from appropriate bodies  

3.60 1.165 71.91 32.40 94 92 85 95 94 69 92 

VMA1 Provide effective project 
management and delivery   

4.46 0.675 89.21 15.14 1 1 4 1 3 2 3 

VMA2 Provide risk management   4.09 0.874 81.80 21.38 31 32 30 16 17 31 33 

VMA3 Create strategic planning    4.15 0.911 82.92 21.98 21 20 35 7 47 16 21 

VMA4 Choose an appropriate procurement 

approach    

4.02 0.941 80.45 23.40 38 29 54 30 42 37 44 

VMA5 Provide cost control to achieve the 

project objectives    

4.16 0.824 83.15 19.83 17 44 6 10 46 39 7 

VMA6 Produce effective plans to achieve the 

project objectives    

4.21 0.859 84.27 20.39 10 37 1 13 55 10 5 

VMA7 Lead work design and delivery 

planning    

3.98 0.904 79.55 22.73 46 67 40 25 73 57 32 

VMA8 Maximise organisational efficiency    3.96 0.916 79.10 23.16 51 71 42 24 45 71 42 

VMA9 Able to design to 
scope/cost/budget/schedule/quality 

4.11 0.885 82.25 21.51 28 30 14 42 41 60 9 

VMA10 Able to construct to 

scope/cost/budget/schedule/quality 

4.13 0.882 82.70 21.32 24 31 10 29 40 27 17 

VMA11 Completed to specification   4.27 0.822 85.39 19.26 7 13 2 28 4 5 16 

VMA12 Maintain Stakeholders interaction – 

accountability/clear expectations  

3.94 0.934 78.88 23.68 53 48 45 64 44 59 52 
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Table 2 Statistical ranking results for risk factors 

Code  Risk Factors Mean 

Std. 

Deviation 

Severity 

index 

Coefficient of 

variation  

Overall 

Ranking Manager  Engineer Architect 

0 
to 

5 

6 
to 

10 

More 
than 

10 

R1 Insufficient funding    4.09 0.861 81.80 21.06 4 6 7 8 18 4 6 

R2 Funding is unavailable  3.63 1.274 72.58 35.10 56 59 35 44 24 36 62 

R3 

Failure to consider implication of economic 

conditions     3.81 0.940 76.18 24.68 29 35 28 31 3 51 33 

R4 Inadequate inflation forecasts    3.76 0.966 75.28 25.65 35 54 17 26 33 41 32 

R5 Inappropriate cost evaluation criteria    3.94 0.871 78.88 22.08 13 22 6 25 45 34 5 

R6 Failure to consider future operational costs     3.96 1.065 79.10 26.93 12 17 18 3 21 18 16 

R7 

Failure to recognise cost as resource 

expenditure    3.85 0.995 77.08 25.81 19 39 25 4 44 35 15 

R8 

Failure to consider the cost of losing potential 

revenue    3.85 0.886 77.08 22.99 20 34 16 24 29 50 12 

R9 Uncertainty about prices     3.83 1.069 76.63 27.89 24 20 34 42 43 46 14 

R10 Failure to identify cost-value relationships   3.78 1.020 75.51 27.01 33 28 49 23 42 54 20 

R11 Failure to recognise cost-value mismatches    3.81 0.952 76.18 24.99 30 26 53 13 20 59 18 

R12 

Failure to appropriately locate cost-to-function 

allocation 3.82 0.860 76.40 22.52 27 23 43 18 22 45 21 

R13 Failure to identify cost-to-worth relationships   3.72 0.965 74.38 25.95 41 30 60 35 41 63 23 

R14 

Failure to link or identify performance-to-cost 

relationships   3.63 0.981 72.58 27.04 55 45 63 41 59 62 35 

R15 Failure to consider constructability issues   3.54 1.139 70.79 32.17 61 56 66 34 51 65 52 

R16 Failure to appreciate design uncertainty    3.70 1.172 73.93 31.70 43 38 48 48 40 40 45 

R17 

Failure to examine specifications due to 

unnecessary expense 3.88 0.939 77.53 24.23 17 33 11 17 2 26 30 

R18 

Failure to translate specification into the 

design    3.69 0.984 73.71 26.70 48 18 59 61 50 25 56 

R19 Failure to design to brief/specification    3.79 0.959 75.73 25.33 32 21 15 62 39 43 24 

R20 

Failure to consider construction implications 

during design    3.83 0.991 76.63 25.87 23 19 14 57 25 31 27 

R21 Design changes    4.04 0.928 80.90 22.95 7 4 8 40 23 3 11 

R22 Redesign / rework    4.04 0.952 80.90 23.55 6 3 13 39 12 10 9 

R23 

Failure to consider changes to current design 

standards    3.69 0.937 73.71 25.41 46 37 40 60 38 37 47 

R24 

Failure to examine attributes which have no 

useful function 3.76 0.966 75.28 25.65 34 32 30 50 55 8 51 

R25 Failure to identify and understand functions    3.53 1.098 70.56 31.13 62 53 52 65 65 52 60 

R26 Unsuitable functional analysis    3.43 1.096 68.54 31.99 65 65 57 63 66 29 65 

R27 

Failure to identify appropriate alternative 

function    3.56 1.022 71.24 28.69 59 62 38 59 57 22 63 

R28 

Poor design that may lead to higher operation 

costs    4.10 0.942 82.02 22.97 3 7 4 12 17 7 4 

R29 Unproven construction techniques     3.64 0.944 72.81 25.94 54 58 27 53 32 39 58 

R30 Failure to consider legislative/regulation Issues   3.33 1.106 66.52 33.24 66 66 65 54 62 48 66 

R31 Failure to consider new/change in technology   3.69 0.984 73.71 26.70 47 52 46 16 31 21 59 

R32 

Failure to meet performance or design 

standards    3.58 1.009 71.69 28.16 58 49 62 52 61 61 40 

R33 

Failure to integrate the various systems to 

achieve the lowest life-cycle costs 3.82 0.960 76.40 25.13 25 12 47 43 11 38 28 

R34 Failure to choose/specify reliable of materials    3.74 1.028 74.83 27.48 38 40 23 51 37 44 34 

R35 

Failure to identify low-value, long-lead-time 

items 4.24 0.739 84.72 17.44 1 1 5 2 1 1 3 

R36 Failure to consider design risks   4.03 0.885 80.67 21.94 8 2 19 38 5 6 13 

R37 

Failure to consider Inter-dependence between 

components in design    3.80 0.894 75.96 23.54 31 16 33 56 36 30 29 

R38 

Failure to consider obsolescence of equipment 

impact 3.65 1.078 73.03 29.51 53 29 32 66 58 47 44 

R39 

Failure to consider design impact on operating 

efficiency   3.92 0.944 78.43 24.08 15 14 12 33 6 20 22 

R40 Insufficient space and capacity    3.54 1.159 70.79 32.73 60 61 37 64 56 53 61 

R41 

Failure to consider construction health and 

safety    3.60 1.063 71.91 29.56 57 57 51 47 16 64 53 

R42 

Failure to consider component repair and 

replacement   3.44 0.953 68.76 27.72 64 64 61 58 60 58 64 

R43 

Failure to consider maintainability and 

reparability impact  3.51 0.978 70.11 27.91 63 63 56 55 47 66 57 

R44 

Failure to consider increase in routine 

maintenance    3.87 0.855 77.30 22.13 18 25 36 11 8 9 41 

R45 

Failure to consider increase in life cycle 

replacement       3.82 0.886 76.40 23.20 28 13 42 49 10 32 31 

R46 Limited knowledge of maintenance issues       3.70 1.005 73.93 27.18 44 55 29 36 4 56 46 



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 280 

 

R47 

Failure to consider implication of 

environmental risks      3.76 0.930 75.28 24.70 36 50 22 15 35 28 39 

R48 Lack of background information     3.73 1.042 74.61 27.93 39 36 58 14 19 24 54 

R49 Poor project management       4.00 0.953 80.00 23.84 10 10 10 10 28 11 8 

R50 

Poor definition of the scope and objectives of 

projects      3.83 0.980 76.63 25.57 22 15 50 22 15 14 42 

R51 Project scope Unscheduled Items       3.89 0.845 77.75 21.74 16 11 41 21 30 15 25 

R52 Failure to consider construction Techniques     3.72 1.087 74.38 29.23 42 44 45 32 53 19 50 

R53 Lack of coordination and decision making     3.96 0.838 79.10 21.19 11 8 21 20 14 13 17 

R54 Poor Team Relationships     3.84 1.010 76.85 26.29 21 27 24 30 48 55 7 

R55 Programming Issues    3.65 1.035 73.03 28.33 52 41 64 37 13 60 48 

R56 Failure to consider procurement method      3.75 0.945 75.06 25.18 37 47 26 29 46 16 49 

R57 Improper project planning and budgeting     3.92 1.068 78.43 27.25 14 31 9 7 26 17 19 

R58 Failure to build to design      3.72 0.953 74.38 25.63 40 43 54 19 52 23 43 

R59 

Failure to identify complex items or processes 

with little or no value added to the facility 3.66 0.965 73.26 26.34 51 42 55 46 49 33 55 

R60 

Failure to consider rate of deterioration of 

components     3.66 0.916 73.26 25.02 50 60 31 28 64 42 37 

R61 

Lack of considering early failure of 

components and equipment       3.66 0.988 73.26 26.97 49 48 44 45 63 57 26 

R62 

Failure to consider delay and higher cost due 

to bad weather conditions during construction 3.69 1.083 73.71 29.38 45 51 39 27 54 49 36 

R63 Incorrect cost estimate    4.08 0.815 81.57 19.98 5 9 2 9 34 12 2 

R64 Incorrect time estimate    4.18 0.899 83.60 21.51 2 5 1 1 9 2 1 

R65 Incorrect estimated cost of maintenance    4.01 0.872 80.22 21.75 9 24 3 6 27 5 10 

R66 Incorrect estimated cost of energy used    3.82 1.061 76.40 27.78 26 46 20 5 7 27 38 
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Table 3 ANOVA analysis for rating the importance of the financial value attributes 

  Sum of Squares df Mean Square F Sig. 

VFI1 

Between Groups 1.256 2 0.628 1.144 0.323 

Within Groups 47.216 86 0.549     

Total 48.472 88       

VFI2 

Between Groups 6.348 2 3.174 6.586 0.002 

Within Groups 41.45 86 0.482     

Total 47.798 88       

VFI3 

Between Groups 0.23 2 0.115 0.134 0.875 

Within Groups 73.591 86 0.856     

Total 73.82 88       

VFI4 

Between Groups 0.356 2 0.178 0.198 0.821 

Within Groups 77.24 86 0.898     

Total 77.596 88       

VFI5 

Between Groups 1.38 2 0.69 0.983 0.378 

Within Groups 60.373 86 0.702     

Total 61.753 88       

VFI6 

Between Groups 1.168 2 0.584 0.721 0.489 

Within Groups 69.708 86 0.811     

Total 70.876 88       

VFI7 

Between Groups 7.438 2 3.719 2.893 0.061 

Within Groups 110.54 86 1.285     

Total 117.978 88       

VFI8 

Between Groups 5.779 2 2.89 2.568 0.083 

Within Groups 96.782 86 1.125     

Total 102.562 88       

VFI9 

Between Groups 5.344 2 2.672 2.303 0.106 

Within Groups 99.757 86 1.16     

Total 105.101 88       

VFI10 

Between Groups 4.196 2 2.098 1.699 0.189 

Within Groups 106.208 86 1.235     

Total 110.404 88       

VFI11 

Between Groups 1.905 2 0.952 0.904 0.409 

Within Groups 90.567 86 1.053     

Total 92.472 88       

VFI12 

Between Groups 2.032 2 1.016 0.988 0.376 

Within Groups 88.418 86 1.028     

Total 90.449 88       

VFI13 

Between Groups 12.349 2 6.175 4.159 0.019 

Within Groups 127.673 86 1.485     

Total 140.022 88       

VFI14 

Between Groups 4.897 2 2.449 2.489 0.089 

Within Groups 84.608 86 0.984     

Total 89.506 88       

VFI15 

Between Groups 2.415 2 1.208 1.309 0.275 

Within Groups 79.338 86 0.923     

Total 81.753 88       

VFI16 

Between Groups 9.289 2 4.644 3.188 0.046 

Within Groups 125.273 86 1.457     

Total 134.562 88       

VFI17 

Between Groups 0.059 2 0.03 0.026 0.974 

Within Groups 98.75 86 1.148     

Total 98.809 88       

VFI18 

Between Groups 8.355 2 4.177 3.204 0.046 

Within Groups 112.14 86 1.304     

Total 120.494 88       

VFI19 

Between Groups 8.12 2 4.06 3.076 0.051 

Within Groups 113.498 86 1.32     

Total 121.618 88       

VFI20 

Between Groups 1.319 2 0.659 0.586 0.559 

Within Groups 96.726 86 1.125     

Total 98.045 88       
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Table 4 Post Hoc test for rating the importance of the financial value attributes 

 

 

  

VFI2 

 

VFI13 

Job N 

Subset for alpha = 0.05 

 
Job N 

Subset for alpha = 0.05 

1 2 

 

1 2 

Engineer 34 3.82   

 

Manager 40 3.23   

Manager 40   4.33 

 

Engineer 34 3.35   

Architect 15   4.47 

 

Architect 15   4.27 

Sig.   1.000 .753 

 

Sig.   .928 1.000 

         
VFI16 

 

VFI18 

Job N 

Subset for alpha = 0.05 

 
Job N 

Subset for alpha = 0.05 

1 2 

 

1 2 

Architect 15 2.53   

 

Architect 15 3.00   

Engineer 34   3.35 

 

Engineer 34 3.65 3.65 

Manager 40   3.43 

 

Manager 40   3.88 

Sig.   1.000 .976 

 

Sig.   .120 .763 
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Table 5 ANOVA analysis for rating the importance of the functional value attributes 

 Functional Performance Attributes  Sum of Squares df Mean Square F Sig. 

VFU1 

Between Groups 3.014 2 1.507 2.524 0.086 

Within Groups 51.346 86 0.597     

Total 54.36 88       

VFU2 

Between Groups 4.553 2 2.277 4.168 0.019 

Within Groups 46.975 86 0.546     

Total 51.528 88       

VFU3 

Between Groups 1.473 2 0.737 1.047 0.355 

Within Groups 60.504 86 0.704     

Total 61.978 88       

VFU4 

Between Groups 2.325 2 1.162 1.439 0.243 

Within Groups 69.473 86 0.808     

Total 71.798 88       

VFU5 

Between Groups 4.028 2 2.014 2.247 0.112 

Within Groups 77.073 86 0.896     

Total 81.101 88       

VFU6 

Between Groups 0.908 2 0.454 0.523 0.595 

Within Groups 74.598 86 0.867     

Total 75.506 88       

VFU7 

Between Groups 0.767 2 0.383 0.474 0.624 

Within Groups 69.593 86 0.809     

Total 70.36 88       

VFU8 

Between Groups 4.908 2 2.454 3.054 0.052 

Within Groups 69.092 86 0.803     

Total 74 88       

VFU9 

Between Groups 4.628 2 2.314 2.451 0.092 

Within Groups 81.193 86 0.944     

Total 85.82 88       

VFU10 

Between Groups 5.131 2 2.566 2.566 0.083 

Within Groups 85.992 86 1     

Total 91.124 88       

VFU11 

Between Groups 4.838 2 2.419 2.538 0.085 

Within Groups 81.971 86 0.953     

Total 86.809 88       

VFU12 

Between Groups 2.022 2 1.011 1.121 0.331 

Within Groups 77.573 86 0.902     

Total 79.596 88       

VFU13 

Between Groups 4.93 2 2.465 3.611 0.031 

Within Groups 58.71 86 0.683     

Total 63.64 88       

VFU14 

Between Groups 4.268 2 2.134 2.983 0.056 

Within Groups 61.529 86 0.715     

Total 65.798 88       

VFU15 

Between Groups 3.922 2 1.961 2.165 0.121 

Within Groups 77.898 86 0.906     

Total 81.82 88       

VFU16 

Between Groups 4.791 2 2.395 2.571 0.082 

Within Groups 80.108 86 0.931     

Total 84.899 88       

VFU17 

Between Groups 1.146 2 0.573 0.564 0.571 

Within Groups 87.416 86 1.016     

Total 88.562 88       

VFU18 

Between Groups 2.991 2 1.496 1.854 0.163 

Within Groups 69.391 86 0.807     

Total 72.382 88       

VFU19 

Between Groups 3.922 2 1.961 1.835 0.166 

Within Groups 91.898 86 1.069     

Total 95.82 88       

VFU20 

Between Groups 1.152 2 0.576 0.886 0.416 

Within Groups 55.904 86 0.65     

Total 57.056 88       

VFU21 

Between Groups 3.513 2 1.757 2.018 0.139 

Within Groups 74.869 86 0.871     

Total 78.382 88       

VFU22 
Between Groups 3.64 2 1.82 2.559 0.083 

Within Groups 61.169 86 0.711     
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Total 64.809 88       

VFU23 

Between Groups 2.609 2 1.304 1.877 0.159 

Within Groups 59.751 86 0.695     

Total 62.36 88       

VFU24 

Between Groups 3.172 2 1.586 2.052 0.135 

Within Groups 66.469 86 0.773     

Total 69.64 88       

VFU25 

Between Groups 0.497 2 0.249 0.277 0.758 

Within Groups 77.098 86 0.896     

Total 77.596 88       

VFU26 

Between Groups 8.563 2 4.281 4.164 0.019 

Within Groups 88.426 86 1.028     

Total 96.989 88       

VFU27 

Between Groups 5.733 2 2.866 3.319 0.041 

Within Groups 74.267 86 0.864     

Total 80 88       

VFU28 

Between Groups 7.262 2 3.631 3.968 0.022 

Within Groups 78.693 86 0.915     

Total 85.955 88       

VFU29 

Between Groups 5.722 2 2.861 2.378 0.099 

Within Groups 103.469 86 1.203     

Total 109.191 88       

VFU30 

Between Groups 5.113 2 2.556 2.291 0.107 

Within Groups 95.944 86 1.116     

Total 101.056 88       

VFU31 

Between Groups 1.314 2 0.657 0.67 0.514 

Within Groups 84.326 86 0.981     

Total 85.64 88       

VFU32 

Between Groups 1.305 2 0.653 0.495 0.611 

Within Groups 113.459 86 1.319     

Total 114.764 88       

VFU33 

Between Groups 2.939 2 1.469 1.597 0.209 

Within Groups 79.151 86 0.92     

Total 82.09 88       

VFU34 

Between Groups 2.259 2 1.129 1.176 0.314 

Within Groups 82.618 86 0.961     

Total 84.876 88       
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Table 6 Post Hoc test for rating the importance of the functional value attributes 

 

  

VFU2 

 

VFU13 

Job N 

Subset for alpha = 0.05 

 
Job N 

Subset for alpha = 0.05 

1 2 

 

1 2 

Engineer 34 4.00   

 

Engineer 34 3.91   

Manager 40 4.38 4.38 

 

Manager 40 4.13 4.13 

Architect 15   4.60 

 

Architect 15   4.60 

Sig.   .180 .534 

 

Sig.   .637 .113 

         
VFU26 

 

VFU27 

Job N 

Subset for alpha = 0.05 
 

Job N 

Subset for alpha = 0.05 

1 2 

 

1 2 

Engineer 34 3.76   

 

Engineer 34 3.79   

Manager 40 3.98   

 

Manager 40 3.98 3.98 

Architect 15   4.67 

 

Architect 15   4.53 

Sig.   .746 1.000 

 

Sig.   .773 .093 

         
VFU28 

     

Job N 

Subset for alpha = 0.05 

     
1 2 

     Engineer 34 3.76   

     Manager 40 4.03 4.03 

     Architect 15   4.60 

     Sig.   .605 .093 
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Table 7 ANOVA analysis for rating the importance of the Operational value attributes 

  Sum of Squares df Mean Square F Sig. 

VOP1 

Between Groups 4.401 2 2.201 3.913 0.024 

Within Groups 48.363 86 0.562     

Total 52.764 88       

VOP2 

Between Groups 2.484 2 1.242 3.015 0.054 

Within Groups 35.426 86 0.412     

Total 37.91 88       

VOP3 

Between Groups 0.917 2 0.458 0.748 0.476 

Within Groups 52.679 86 0.613     

Total 53.596 88       

VOP4 

Between Groups 1.676 2 0.838 0.959 0.387 

Within Groups 75.2 86 0.874     

Total 76.876 88       

VOP5 

Between Groups 5.382 2 2.691 2.352 0.101 

Within Groups 98.416 86 1.144     

Total 103.798 88       

VOP6 

Between Groups 7.889 2 3.944 4.183 0.018 

Within Groups 81.1 86 0.943     

Total 88.989 88       

VOP7 

Between Groups 3.264 2 1.632 1.459 0.238 

Within Groups 96.241 86 1.119     

Total 99.506 88       

VOP8 

Between Groups 4.564 2 2.282 2.411 0.096 

Within Groups 81.391 86 0.946     

Total 85.955 88       

VOP9 

Between Groups 8.901 2 4.45 4.556 0.013 

Within Groups 83.998 86 0.977     

Total 92.899 88       

VOP10 

Between Groups 5.056 2 2.528 2.729 0.071 

Within Groups 79.663 86 0.926     

Total 84.719 88       

VOP11 

Between Groups 7.222 2 3.611 4.722 0.011 

Within Groups 65.767 86 0.765     

Total 72.989 88       

VOP12 

Between Groups 4.54 2 2.27 3.172 0.047 

Within Groups 61.55 86 0.716     

Total 66.09 88       

VOP13 

Between Groups 0.984 2 0.492 0.361 0.698 

Within Groups 117.263 86 1.364     

Total 118.247 88       

VOP14 

Between Groups 2.303 2 1.152 1.279 0.284 

Within Groups 77.45 86 0.901     

Total 79.753 88       

VOP15 

Between Groups 3.115 2 1.558 1.946 0.149 

Within Groups 68.84 86 0.8     

Total 71.955 88       

VOP16 

Between Groups 0.256 2 0.128 0.14 0.87 

Within Groups 78.867 86 0.917     

Total 79.124 88       

 



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 287 

 

Table 8 Post Hoc test for rating the importance of the operational value attributes 

 

 

  

VOP1 

 

VOP6 

Job N 

Subset for alpha = 0.05 

 
Job N 

Subset for alpha = 0.05 

1 2 

 

1 2 

Engineer 34 4.12   

 

Manager 40 3.75   

Manager 40 4.45 4.45 

 

Engineer 34 4.00 4.00 

Architect 15   4.73 

 

Architect 15   4.60 

Sig.   .269 .383 

 

Sig.   .638 .081 

         
VOP9 

 

VOP11 

Job N 

Subset for alpha = 0.05 
 

Job N 

Subset for alpha = 0.05 

1 2 

 

1 2 

Manager 40 3.80   

 

Engineer 34 3.71   

Engineer 34 3.85   

 

Manager 40 4.03 4.03 

Architect 15   4.67 

 

Architect 15   4.53 

Sig.   .981 1.000 

 

Sig.   .408 .107 

         
VOP12 

     

Job N 

Subset for alpha = 0.05 

     
1 2 

     Engineer 34 3.68   

     Manager 40 3.93 3.93 

     Architect 15   4.33 

     Sig.   .558 .211 

      



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 288 

 

Table 9 ANOVA analysis for rating the importance of the environmental value attributes 

  Sum of Squares df Mean Square F Sig. 

VEN1 

Between Groups 0.304 2 0.152 0.139 0.871 

Within Groups 94.146 86 1.095     

Total 94.449 88       

VEN2 

Between Groups 0.007 2 0.004 0.004 0.996 

Within Groups 83.116 86 0.966     

Total 83.124 88       

VEN3 

Between Groups 1.197 2 0.598 0.831 0.439 

Within Groups 61.904 86 0.72     

Total 63.101 88       

VEN4 

Between Groups 5.723 2 2.861 3.356 0.04 

Within Groups 73.333 86 0.853     

Total 79.056 88       

VEN5 

Between Groups 6.222 2 3.111 3.671 0.03 

Within Groups 72.879 86 0.847     

Total 79.101 88       

VEN6 

Between Groups 1.602 2 0.801 0.91 0.406 

Within Groups 75.679 86 0.88     

Total 77.281 88       

VEN7 

Between Groups 1.501 2 0.751 1.059 0.351 

Within Groups 60.971 86 0.709     

Total 62.472 88       

VEN8 

Between Groups 1.645 2 0.823 0.821 0.443 

Within Groups 86.175 86 1.002     

Total 87.82 88       

VEN9 

Between Groups 3.104 2 1.552 1.43 0.245 

Within Groups 93.346 86 1.085     

Total 96.449 88       

VEN10 

Between Groups 1.343 2 0.671 0.866 0.424 

Within Groups 66.657 86 0.775     

Total 68 88       

VEN11 

Between Groups 1.037 2 0.518 0.561 0.573 

Within Groups 79.435 86 0.924     

Total 80.472 88       

VEN12 

Between Groups 6.27 2 3.135 3.621 0.031 

Within Groups 74.45 86 0.866     

Total 80.719 88       

VEN13 

Between Groups 6.767 2 3.383 3.954 0.023 

Within Groups 73.593 86 0.856     

Total 80.36 88       

VEN14 

Between Groups 8.709 2 4.354 5.476 0.006 

Within Groups 68.392 86 0.795     

Total 77.101 88       

VEN15 

Between Groups 1.344 2 0.672 0.712 0.494 

Within Groups 81.218 86 0.944     

Total 82.562 88       

VEN16 

Between Groups 0.3 2 0.15 0.108 0.897 

Within Groups 119.138 86 1.385     

Total 119.438 88       
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Table 10 Post Hoc test for rating the importance of the environmental value attributes 

 

 

 

  

VEN12 

 

VEN13 

Job N 

Subset for alpha = 0.05 

 
Job N 

Subset for alpha = 0.05 

1 2 

 

1 2 

Engineer 34 3.82   

 

Manager 40 3.63   

Manager 40 3.83   

 

Engineer 34 3.74   

Architect 15   4.53 

 

Architect 15   4.40 

Sig.   1.000 1.000 

 

Sig.   .908 1.000 

         
VEN14 

     

Job N 

Subset for alpha = 0.05 

     
1 2 

     Manager 40 3.65   

     Engineer 34 3.79   

     Architect 15   4.53 

     Sig.   .837 1.000 
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Table 11 ANOVA analysis for rating the importance of the management value attributes 

  Sum of Squares df Mean Square F Sig. 

VMA1 

Between Groups 3.161 2 1.581 3.679 0.029 

Within Groups 36.951 86 0.43     

Total 40.112 88       

VMA2 

Between Groups 3.602 2 1.801 2.432 0.094 

Within Groups 63.679 86 0.74     

Total 67.281 88       

VMA3 

Between Groups 5.51 2 2.755 3.506 0.034 

Within Groups 67.591 86 0.786     

Total 73.101 88       

VMA4 

Between Groups 4.306 2 2.153 2.514 0.087 

Within Groups 73.65 86 0.856     

Total 77.955 88       

VMA5 

Between Groups 4.282 2 2.141 3.316 0.041 

Within Groups 55.516 86 0.646     

Total 59.798 88       

VMA6 

Between Groups 4.285 2 2.142 3.038 0.053 

Within Groups 60.659 86 0.705     

Total 64.944 88       

VMA7 

Between Groups 4.386 2 2.193 2.791 0.067 

Within Groups 67.569 86 0.786     

Total 71.955 88       

VMA8 

Between Groups 4.782 2 2.391 2.979 0.056 

Within Groups 69.038 86 0.803     

Total 73.82 88       

VMA9 

Between Groups 1.566 2 0.783 1 0.372 

Within Groups 67.31 86 0.783     

Total 68.876 88       

VMA10 

Between Groups 2.144 2 1.072 1.392 0.254 

Within Groups 66.238 86 0.77     

Total 68.382 88       

VMA11 

Between Groups 0.702 2 0.351 0.513 0.6 

Within Groups 58.826 86 0.684     

Total 59.528 88       

VMA12 

Between Groups 1.279 2 0.64 0.729 0.485 

Within Groups 75.44 86 0.877     

Total 76.719 88       
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Table 12 Post Hoc test for rating the importance of the management value attributes 

 

  

VMA1 

 

VMA3 

Job N 

Subset for alpha = 0.05 

 
Job N 

Subset for alpha = 0.05 

1 2 

 

1 2 

Engineer 34 4.24   

 

Engineer 34 3.94   

Manager 40 4.55 4.55 

 

Manager 40 4.13 4.13 

Architect 15   4.73 

 

Architect 15   4.67 

Sig.   .215 .589 

 

Sig.   .747 .086 

         
VMA5 

     

Job N 

Subset for alpha = 0.05 

     
1 2 

     Manager 40 3.98   

     Engineer 34 4.18 4.18 

     Architect 15   4.60 

     Sig.   .653 .158 

      



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 292 

 

Table 13 ANOVA analysis for rating the impact of the risk factors 

  
Sum of 
Squares 

df Mean Square F Sig. 

R1 Between 
Groups 

0.565 2 0.283 0.376 0.688 

Within Groups 64.716 86 0.753     

Total 65.281 88       

R4 Between 

Groups 
4.401 2 2.201 2.438 0.093 

Within Groups 77.644 86 0.903     

Total 82.045 88       

R5 Between 

Groups 
1.503 2 0.752 0.991 0.375 

Within Groups 65.216 86 0.758     

Total 66.719 88       

R6 Between 

Groups 
3.591 2 1.795 1.605 0.207 

Within Groups 96.229 86 1.119     

Total 99.82 88       

R7 Between 

Groups 
4.427 2 2.213 2.302 0.106 

Within Groups 82.675 86 0.961     

Total 87.101 88       

R8 Between 
Groups 

1.457 2 0.729 0.927 0.4 

Within Groups 67.644 86 0.787     

Total 69.101 88       

R9 Between 

Groups 
0.08 2 0.04 0.034 0.966 

Within Groups 100.392 86 1.167     

Total 100.472 88       

R11 Between 

Groups 
3.188 2 1.594 1.79 0.173 

Within Groups 76.565 86 0.89     

Total 79.753 88       

R12 Between 
Groups 

1.931 2 0.966 1.314 0.274 

Within Groups 63.192 86 0.735     

Total 65.124 88       

R17 Between 

Groups 
2.05 2 1.025 1.166 0.316 

Within Groups 75.591 86 0.879     

Total 77.64 88       

R18 Between 

Groups 
2.122 2 1.061 1.099 0.338 

Within Groups 83.069 86 0.966     

Total 85.191 88       

R19 Between 
Groups 

2.075 2 1.038 1.131 0.327 

Within Groups 78.869 86 0.917     

Total 80.944 88       

R20 Between 

Groups 
1.037 2 0.518 0.522 0.595 

Within Groups 85.435 86 0.993     

Total 86.472 88       

R21 Between 

Groups 
0.605 2 0.302 0.346 0.709 

Within Groups 75.216 86 0.875     

Total 75.82 88       

R22 Between 

Groups 
1.805 2 0.902 0.995 0.374 

Within Groups 78.016 86 0.907     

Total 79.82 88       

R28 Between 

Groups 
0.45 2 0.225 0.249 0.78 

Within Groups 77.64 86 0.903     

Total 78.09 88       

R31 Between 
Groups 

4.042 2 2.021 2.142 0.124 
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Within Groups 81.15 86 0.944     

Total 85.191 88       

R33 Between 

Groups 
1.382 2 0.691 0.745 0.478 

Within Groups 79.741 86 0.927     

Total 81.124 88       

R35 Between 
Groups 

0.941 2 0.47 0.859 0.427 

Within Groups 47.104 86 0.548     

Total 48.045 88       

R36 Between 

Groups 
2.661 2 1.331 1.728 0.184 

Within Groups 66.238 86 0.77     

Total 68.899 88       

R37 Between 

Groups 
0.826 2 0.413 0.511 0.602 

Within Groups 69.534 86 0.809     

Total 70.36 88       

R39 Between 
Groups 

0.034 2 0.017 0.019 0.982 

Within Groups 78.416 86 0.912     

Total 78.449 88       

R44 Between 

Groups 
2.023 2 1.012 1.395 0.253 

Within Groups 62.359 86 0.725     

Total 64.382 88       

R45 Between 
Groups 

0.798 2 0.399 0.502 0.607 

Within Groups 68.326 86 0.794     

Total 69.124 88       

R47 Between 

Groups 
4.147 2 2.073 2.48 0.09 

Within Groups 71.898 86 0.836     

Total 76.045 88       

R48 Between 

Groups 
3.159 2 1.58 1.471 0.235 

Within Groups 92.369 86 1.074     

Total 95.528 88       

R49 Between 
Groups 

0.743 2 0.371 0.403 0.67 

Within Groups 79.257 86 0.922     

Total 80 88       

R50 Between 

Groups 
2.174 2 1.087 1.136 0.326 

Within Groups 82.298 86 0.957     

Total 84.472 88       

R51 Between 

Groups 
1.425 2 0.713 0.997 0.373 

Within Groups 61.451 86 0.715     

Total 62.876 88       

R53 Between 
Groups 

0.622 2 0.311 0.437 0.647 

Within Groups 61.198 86 0.712     

Total 61.82 88       

R57 Between 

Groups 
3.046 2 1.523 1.344 0.266 

Within Groups 97.404 86 1.133     

Total 100.449 88       

R58 Between 

Groups 
2.179 2 1.09 1.205 0.305 

Within Groups 77.798 86 0.905     

Total 79.978 88       

R63 Between 
Groups 

0.81 2 0.405 0.604 0.549 

Within Groups 57.64 86 0.67     

Total 58.449 88       

R64 Between 

Groups 
1.19 2 0.595 0.732 0.484 

Within Groups 69.934 86 0.813     

Total 71.124 88       
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R65 Between 

Groups 
3.391 2 1.695 2.293 0.107 

Within Groups 63.598 86 0.74     

Total 66.989 88       

R66 Between 
Groups 

5.926 2 2.963 2.734 0.071 

Within Groups 93.198 86 1.084     

Total 99.124 88       
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Table 14 ANOVA analysis for rating the impact of the risk factors for the whole factors 

 Sum of Squares df Mean Square F Sig. 

R1 Between Groups .565 2 .283 .376 .688 

Within Groups 64.716 86 .753   

Total 65.281 88    

R2 Between Groups 3.030 2 1.515 .932 .398 

Within Groups 139.734 86 1.625   

Total 142.764 88    

R3 Between Groups .837 2 .418 .468 .628 

Within Groups 76.916 86 .894   

Total 77.753 88    

R4 Between Groups 4.401 2 2.201 2.438 .093 

Within Groups 77.644 86 .903   

Total 82.045 88    

R5 Between Groups 1.503 2 .752 .991 .375 

Within Groups 65.216 86 .758   

Total 66.719 88    

R6 Between Groups 3.591 2 1.795 1.605 .207 

Within Groups 96.229 86 1.119   

Total 99.820 88    

R7 Between Groups 4.427 2 2.213 2.302 .106 

Within Groups 82.675 86 .961   

Total 87.101 88    

R8 Between Groups 1.457 2 .729 .927 .400 

Within Groups 67.644 86 .787   

Total 69.101 88    

R9 Between Groups .080 2 .040 .034 .966 

Within Groups 100.392 86 1.167   

Total 100.472 88    

R10 Between Groups 1.833 2 .916 .879 .419 

Within Groups 89.673 86 1.043   

Total 91.506 88    

R11 Between Groups 3.188 2 1.594 1.790 .173 

Within Groups 76.565 86 .890   

Total 79.753 88    

R12 Between Groups 1.931 2 .966 1.314 .274 

Within Groups 63.192 86 .735   

Total 65.124 88    

R13 Between Groups 1.309 2 .654 .698 .501 

Within Groups 80.669 86 .938   

Total 81.978 88    

R14 Between Groups 1.048 2 .524 .538 .586 

Within Groups 83.716 86 .973   

Total 84.764 88    

R15 Between Groups 2.822 2 1.411 1.090 .341 

Within Groups 111.291 86 1.294   

Total 114.112 88    

R16 Between Groups .244 2 .122 .087 .917 

Within Groups 120.565 86 1.402   

Total 120.809 88    

R17 Between Groups 2.050 2 1.025 1.166 .316 

Within Groups 75.591 86 .879   

Total 77.640 88    

R18 Between Groups 2.122 2 1.061 1.099 .338 

Within Groups 83.069 86 .966   

Total 85.191 88    

R19 Between Groups 2.075 2 1.038 1.131 .327 

Within Groups 78.869 86 .917   

Total 80.944 88    

R20 Between Groups 1.037 2 .518 .522 .595 

Within Groups 85.435 86 .993   

Total 86.472 88    

R21 Between Groups .605 2 .302 .346 .709 

Within Groups 75.216 86 .875   

Total 75.820 88    

R22 Between Groups 1.805 2 .902 .995 .374 
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Within Groups 78.016 86 .907   

Total 79.820 88    

R23 Between Groups .440 2 .220 .247 .782 

Within Groups 76.751 86 .892   

Total 77.191 88    

R24 Between Groups .195 2 .098 .103 .903 

Within Groups 81.850 86 .952   

Total 82.045 88    

R25 Between Groups 1.507 2 .753 .619 .541 

Within Groups 104.673 86 1.217   

Total 106.180 88    

R26 Between Groups 2.171 2 1.085 .901 .410 

Within Groups 103.604 86 1.205   

Total 105.775 88    

R27 Between Groups 2.459 2 1.230 1.182 .312 

Within Groups 89.451 86 1.040   

Total 91.910 88    

R28 Between Groups .450 2 .225 .249 .780 

Within Groups 77.640 86 .903   

Total 78.090 88    

R29 Between Groups 2.245 2 1.122 1.266 .287 

Within Groups 76.250 86 .887   

Total 78.494 88    

R30 Between Groups 4.972 2 2.486 2.084 .131 

Within Groups 102.579 86 1.193   

Total 107.551 88    

R31 Between Groups 4.042 2 2.021 2.142 .124 

Within Groups 81.150 86 .944   

Total 85.191 88    

R32 Between Groups .127 2 .064 .061 .941 

Within Groups 89.491 86 1.041   

Total 89.618 88    

R33 Between Groups 1.382 2 .691 .745 .478 

Within Groups 79.741 86 .927   

Total 81.124 88    

R34 Between Groups .683 2 .342 .318 .728 

Within Groups 92.373 86 1.074   

Total 93.056 88    

R35 Between Groups .941 2 .470 .859 .427 

Within Groups 47.104 86 .548   

Total 48.045 88    

R36 Between Groups 2.661 2 1.331 1.728 .184 

Within Groups 66.238 86 .770   

Total 68.899 88    

R37 Between Groups .826 2 .413 .511 .602 

Within Groups 69.534 86 .809   

Total 70.360 88    

R38 Between Groups 7.668 2 3.834 3.488 .035 

Within Groups 94.534 86 1.099   

Total 102.202 88    

R39 Between Groups .034 2 .017 .019 .982 

Within Groups 78.416 86 .912   

Total 78.449 88    

R40 Between Groups 2.886 2 1.443 1.077 .345 

Within Groups 115.226 86 1.340   

Total 118.112 88    

R41 Between Groups 1.298 2 .649 .569 .568 

Within Groups 98.140 86 1.141   

Total 99.438 88    

R42 Between Groups 1.394 2 .697 .764 .469 

Within Groups 78.516 86 .913   

Total 79.910 88    

R43 Between Groups 1.243 2 .621 .644 .528 

Within Groups 83.004 86 .965   

Total 84.247 88    

R44 Between Groups 2.023 2 1.012 1.395 .253 

Within Groups 62.359 86 .725   

Total 64.382 88    
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R45 Between Groups .798 2 .399 .502 .607 

Within Groups 68.326 86 .794   

Total 69.124 88    

R46 Between Groups 2.934 2 1.467 1.469 .236 

Within Groups 85.875 86 .999   

Total 88.809 88    

R47 Between Groups 4.147 2 2.073 2.480 .090 

Within Groups 71.898 86 .836   

Total 76.045 88    

R48 Between Groups 3.159 2 1.580 1.471 .235 

Within Groups 92.369 86 1.074   

Total 95.528 88    

R49 Between Groups .743 2 .371 .403 .670 

Within Groups 79.257 86 .922   

Total 80.000 88    

R50 Between Groups 2.174 2 1.087 1.136 .326 

Within Groups 82.298 86 .957   

Total 84.472 88    

R51 Between Groups 1.425 2 .713 .997 .373 

Within Groups 61.451 86 .715   

Total 62.876 88    

R52 Between Groups 1.436 2 .718 .602 .550 

Within Groups 102.541 86 1.192   

Total 103.978 88    

R53 Between Groups .622 2 .311 .437 .647 

Within Groups 61.198 86 .712   

Total 61.820 88    

R54 Between Groups .558 2 .279 .269 .765 

Within Groups 89.240 86 1.038   

Total 89.798 88    

R55 Between Groups 1.223 2 .612 .566 .570 

Within Groups 92.979 86 1.081   

Total 94.202 88    

R56 Between Groups 2.021 2 1.010 1.135 .326 

Within Groups 76.541 86 .890   

Total 78.562 88    

R57 Between Groups 3.046 2 1.523 1.344 .266 

Within Groups 97.404 86 1.133   

Total 100.449 88    

R58 Between Groups 2.179 2 1.090 1.205 .305 

Within Groups 77.798 86 .905   

Total 79.978 88    

R59 Between Groups .358 2 .179 .189 .828 

Within Groups 81.529 86 .948   

Total 81.888 88    

R60 Between Groups 4.554 2 2.277 2.824 .065 

Within Groups 69.334 86 .806   

Total 73.888 88    

R61 Between Groups .654 2 .327 .330 .720 

Within Groups 85.234 86 .991   

Total 85.888 88    

R62 Between Groups 2.598 2 1.299 1.111 .334 

Within Groups 100.593 86 1.170   

Total 103.191 88    

R63 Between Groups .810 2 .405 .604 .549 

Within Groups 57.640 86 .670   

Total 58.449 88    

R64 Between Groups 1.190 2 .595 .732 .484 

Within Groups 69.934 86 .813   

Total 71.124 88    

R65 Between Groups 3.391 2 1.695 2.293 .107 

Within Groups 63.598 86 .740   

Total 66.989 88    

R66 Between Groups 5.926 2 2.963 2.734 .071 

Within Groups 93.198 86 1.084   

Total 99.124 88    
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Table 15 Post Hoc test for rating the impact of risk factor 
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Table 16 Rotated component matrix for the functional performance attributes 

  

Component 

1 2 3 4 5 6 7 

VFU1 
.009 .147 .186 .110 .768 .101 -.071 

VFU2 
.378 .164 .199 .164 .692 -.044 .064 

VFU3 
.030 .326 .060 .623 .100 -.150 .066 

VFU4 
-.028 .033 .133 .827 .061 .106 .151 

VFU5 
.239 -.040 .206 .697 .196 .023 .067 

VFU6 
.204 -.336 .455 .383 .285 -.015 .242 

VFU7 
.074 .014 .746 .242 .241 .140 .141 

VFU8 
.249 .388 .340 .303 .434 -.224 .152 

VFU9 
.201 .394 .318 .234 .494 .160 .095 

VFU10 
.286 .224 .720 .064 .197 .010 -.014 

VFU11 
.200 .137 .837 .114 .084 .073 -.030 

VFU12 
.127 .531 .332 .460 -.144 .076 -.292 

VFU13 
.128 .442 .557 .231 .164 .156 .126 

VFU14 
.233 .522 .233 .415 .222 -.056 -.183 

VFU15 
.422 .525 .295 .172 .243 .119 .302 

VFU16 
.548 .396 .402 .032 .065 .143 .313 

VFU17 
.106 .158 .118 .289 -.068 .261 .713 

VFU18 
.561 .325 .135 .027 .306 -.036 .430 

VFU19 
.307 .689 -.017 .007 .053 -.077 .283 

VFU20 
.324 .615 .236 .136 .182 -.119 .074 

VFU21 
.201 .651 .001 .015 .130 .360 .032 

VFU22 
.340 .647 .203 .031 .211 .161 .035 

VFU23 
.201 .066 .082 .026 -.016 .841 .131 

VFU24 
.369 .150 .147 -.038 .033 .782 .053 

VFU25 
.495 -.157 .086 .004 .171 .476 .033 

VFU26 
.778 .219 -.034 -.005 .232 .226 .099 

VFU27 
.759 .308 .055 -.021 .249 .301 .027 

VFU28 
.703 .363 -.021 .224 .298 .321 -.088 

VFU29 
.742 .244 .119 .286 .121 -.018 .295 

VFU30 
.839 .201 .080 .054 .259 .159 .034 

VFU31 
.809 .191 .201 .137 .121 .119 -.003 

VFU32 
.759 -.012 .299 .049 -.125 .159 -.015 

VFU33 
.683 .257 .415 .105 -.183 .062 .096 

VFU34 
.760 .332 .323 .088 -.069 .078 -.012 
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Table 17 Rotated component matrix for the operational performance attributes 

  

Component 

1 2 3 

VOP1 
.082 .050 .876 

VOP2 
.293 .196 .787 

VOP3 
.231 .361 .616 

VOP4 
.369 .131 .558 

VOP5 
.758 .359 .122 

VOP6 
.836 .241 .225 

VOP7 
.729 .331 .203 

VOP8 
.838 .156 .248 

VOP9 
.814 .205 .330 

VOP10 
.777 .362 .208 

VOP11 
.351 .619 .345 

VOP12 
.275 .640 .436 

VOP13 
.147 .853 .191 

VOP14 
.212 .855 -.025 

VOP15 
.361 .538 .070 

VOP16 
.295 .641 .259 

 

 

Table 18 Rotated component matrix for the environmental performance attributes 

  

Component 

1 2 3 4 

VEN1 
.156 .186 .118 .892 

VEN2 
.259 .168 .140 .874 

VEN3 
.750 .088 .395 .108 

VEN4 
.704 .255 .149 .354 

VEN5 
.800 .183 .207 .291 

VEN6 
.844 .203 .072 .061 

VEN7 
.584 .543 .225 .253 

VEN8 
.447 .746 .074 .261 

VEN9 
.245 .689 .251 .306 

VEN10 
.297 .437 .435 .458 

VEN11 
.244 .327 .505 .442 

VEN12 
.220 .246 .841 .044 

VEN13 
.333 .127 .779 .136 

VEN14 
.024 .253 .811 .171 

VEN15 
.313 .660 .348 .081 

VEN16 
.002 .746 .203 .083 
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Table 19 Rotated component matrix for the management performance attributes 

  

Component 

1 2 

VMA1 
.226 .671 

VMA2 
.278 .696 

VMA3 
.292 .802 

VMA4 
.243 .775 

VMA5 
.568 .592 

VMA6 
.627 .481 

VMA7 
.528 .593 

VMA8 
.776 .352 

VMA9 
.877 .175 

VMA10 
.835 .277 

VMA11 
.662 .464 

VMA12 
.745 .321 

Table 20 Rotated component matrix for risk factor 

 
Component 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

R1 
.169 

-
.087 

.052 .070 .052 .142 .256 .040 .131 .127 .028 .133 .808 
-

.013 
.043 .037 

R2 
.347 .195 

-
.169 

.124 
-

.079 
.024 .053 .082 .415 .088 

-
.165 

-
.022 

.499 .056 .170 
-

.205 
R3 

.205 .220 .175 .216 .074 .021 .598 
-

.038 
.171 .024 

-
.088 

.303 .300 
-

.037 
.122 

-
.035 

R4 
.176 .076 .238 .014 .048 .016 .785 .097 .112 .131 .034 .050 .048 

-
.028 

.042 
-

.106 
R5 

.425 .063 .021 .139 .181 .086 .117 .101 .103 .108 .260 .047 .412 .104 .124 .369 

R6 
.331 .247 .040 

-
.008 

.020 
-

.003 
.649 .109 .066 

-
.125 

.033 .002 .212 .286 .041 .115 

R7 
.402 .165 .046 .040 

-
.011 

.203 .215 
-

.012 
.077 .057 

-
.019 

-
.147 

.199 .104 .612 .158 

R8 
.600 .026 .260 .183 

-
.072 

-
.004 

.353 .251 
-

.239 
.024 

-
.040 

.032 .267 .056 .292 .063 

R9 
.528 .080 

-
.091 

.105 .157 
-

.029 
-

.037 
.018 .409 .199 .001 .249 .180 .010 .309 .096 

R10 
.781 

-
.048 

.109 .068 .031 .159 .267 .093 .056 
-

.038 
-

.008 
.172 .238 .062 .088 .141 

R11 
.796 

-
.048 

.150 .064 
-

.020 
.134 .220 .238 .030 .061 

-
.086 

.182 .063 .148 
-

.003 
.099 

R12 
.598 .134 .133 .063 .301 .310 

-
.032 

.052 .000 .059 .157 
-

.014 
.122 

-
.039 

.273 
-

.164 
R13 

.801 .151 .139 .153 .226 .067 .085 .098 
-

.079 
.061 .133 .039 

-
.025 

-
.026 

-
.066 

.049 

R14 
.780 .220 .073 .212 .219 .039 .029 .060 .007 .235 .116 

-
.057 

-
.061 

.096 
-

.170 
.043 

R15 
.370 

-
.059 

.090 .099 .280 .026 .454 .119 .289 .268 .062 .048 
-

.382 
.121 .159 

-
.008 

R16 
.354 .048 

-
.148 

.104 .264 .090 .101 .316 .119 .498 .097 .026 
-

.058 
.348 .105 .178 

R17 
.268 .383 .291 .125 

-
.118 

-
.076 

.103 .497 .093 .016 
-

.224 
.160 

-
.144 

.267 .033 .070 

R18 
.219 .266 .066 .037 

-
.096 

.249 .077 .502 .209 .234 .079 .283 .194 .171 .053 
-

.071 
R19 

.159 .301 .041 
-

.031 
.205 .145 .027 .732 .037 .141 .123 .129 .072 .114 

-
.006 

.126 

R20 
.171 .098 .083 .165 .121 .135 .080 .789 .063 .109 .259 .038 .029 

-
.019 

.034 
-

.069 
R21 

.130 .289 .076 .103 
-

.089 
.111 

-
.091 

.095 .030 .135 .773 .098 .063 .122 
-

.012 
.086 

R22 
.048 .266 .178 

-
.007 

-
.046 

.087 .147 .301 .087 .080 .702 .020 
-

.087 
.177 .002 .083 

R23 
-.099 .539 .106 .021 .184 .097 .085 .272 

-
.010 

.100 .383 .145 .082 
-

.012 
.318 .251 

R24 
.019 .691 .178 .082 .138 .072 

-
.009 

.097 .139 .041 .296 .094 .005 .106 .335 
-

.208 
R25 

.161 .744 
-

.035 
.162 .188 

-
.008 

.126 .266 .048 
-

.011 
.138 .122 

-
.027 

.103 .138 .117 



W. Alattyih  School of Engineering 

 

University of Liverpool          2015 302 

 

R26 
.106 .788 .143 .064 .135 .108 .145 .195 

-
.001 

.076 .163 
-

.072 
.072 .000 

-
.038 

.102 

R27 
.017 .858 .135 .156 .072 .075 .024 

-
.016 

.045 .246 .046 .119 
-

.024 
.008 

-
.025 

-
.014 

R28 
.280 .416 .106 .267 

-
.022 

.097 
-

.049 
-

.103 
.184 .145 .215 

-
.147 

.096 .236 .056 .468 

R29 
.111 .460 .150 .107 .310 .112 .155 .150 .170 .577 

-
.057 

.148 .075 
-

.007 
-

.052 
.023 

R30 
-.176 .381 .113 .264 .026 .105 .110 .059 .235 .455 .025 .045 

-
.106 

.073 .456 
-

.104 
R31 

.102 .324 .223 .331 
-

.065 
.006 

-
.107 

.104 
-

.022 
.633 .152 

-
.020 

.139 
-

.009 
.122 

-
.032 

R32 
.084 .086 .319 .093 .279 .399 .225 .181 .141 .407 .140 .263 

-
.055 

.043 .235 .110 

R33 
.270 .043 .211 

-
.091 

.062 .322 .142 .133 
-

.014 
.597 .162 .186 .184 .016 

-
.062 

.082 

R34 
.155 .246 .126 .080 .208 .143 

-
.131 

.261 .046 .399 .136 .109 .364 .148 
-

.002 
.397 

R35 
.136 .088 .249 .195 .012 .076 .062 .161 

-
.013 

.043 .173 .055 .018 .762 .072 .003 

R36 
.074 .200 .131 .001 .176 .345 .115 .069 .239 .147 .242 .381 .006 .550 

-
.023 

.079 

R37 
.106 .140 .109 .122 .243 .212 

-
.018 

.287 .030 .258 .262 .589 .113 .119 .099 .083 

R38 
.264 .233 .245 .124 .308 .070 .199 .236 

-
.017 

.028 .016 .614 .068 .113 
-

.114 
-

.005 
R39 

.195 
-

.022 
.258 .540 

-
.004 

.216 .240 .117 .132 .134 .042 .457 .117 .049 
-

.083 
.006 

R40 
.184 .341 .224 .227 .423 .086 .204 .087 .013 .119 .001 .414 .184 .155 

-
.135 

.156 

R41 
.169 .113 .117 .249 .717 .138 .037 .148 .190 

-
.027 

-
.078 

.115 
-

.037 
.087 .116 .107 

R42 
.201 .266 .063 .156 .723 .134 

-
.017 

.031 .236 .207 
-

.007 
.114 .078 

-
.034 

-
.044 

-
.156 

R43 
.360 .140 .253 .186 .602 .056 .141 .076 .213 .145 

-
.117 

.117 
-

.043 
-

.043 
-

.063 
.227 

R44 
.177 .176 .050 .639 .260 .249 

-
.144 

.039 .277 .030 .010 
-

.042 
.217 .223 .133 

-
.114 

R45 
.229 .267 .105 .592 .341 .054 

-
.202 

.121 .015 .014 .266 .027 .221 .124 .120 
-

.078 
R46 

.041 .107 .103 .843 .098 .052 .112 .021 .082 .069 
-

.058 
.130 

-
.022 

-
.007 

.117 .152 

R47 
.109 .529 .121 .353 .264 .157 .302 .065 .019 .145 .066 

-
.237 

-
.020 

.028 
-

.202 
.128 

R48 
.228 .116 .160 .734 .155 .229 .044 .100 .092 .096 .076 .068 .005 .125 

-
.041 

.149 

R49 
-.010 .148 .169 .203 .420 .465 .294 

-
.084 

.037 
-

.057 
.249 .064 .128 .341 .257 .134 

R50 
.124 .013 .079 .283 .161 .724 .061 .249 .082 .073 .034 .025 .196 .080 

-
.027 

-
.006 

R51 
.296 .089 .347 .226 .109 .699 

-
.121 

.096 .136 .141 .094 .137 .022 .097 .014 
-

.041 
R52 

.315 .182 .226 .245 .064 .494 
-

.158 
.019 .142 .315 .216 .199 .017 .015 .202 

-
.022 

R53 
.317 .088 .195 .252 .064 .275 

-
.278 

.067 .493 .155 .110 .216 
-

.162 
.181 .151 .054 

R54 
.297 .059 .348 .336 .091 

-
.012 

-
.084 

.073 .127 
-

.007 
.138 .141 

-
.064 

-
.046 

.093 .625 

R55 
.198 .168 .210 .370 

-
.058 

.369 .128 .306 
-

.075 
.123 .036 .302 .009 

-
.217 

-
.030 

.180 

R56 
-.151 .035 .149 .202 .237 .221 .221 .156 .728 .021 

-
.018 

.002 .168 
-

.126 
.018 .052 

R57 
-.019 .113 .272 .090 .259 .079 .216 .064 .762 .048 .131 

-
.034 

.121 .136 
-

.003 
.146 

R58 
.031 .297 .285 .047 .144 .580 .137 .093 .283 .083 .062 .015 .000 .136 .334 .163 

R59 
.230 .481 .353 .256 

-
.066 

.220 .105 .381 .053 .045 .089 .110 
-

.019 
.201 

-
.118 

.166 

R60 
.174 .255 .726 .164 .034 .185 .045 .127 .051 .248 

-
.008 

.052 .054 .059 .009 .241 

R61 
.114 .036 .822 .158 .011 .193 .030 .168 

-
.099 

.194 .009 .101 .070 .032 
-

.004 
.005 

R62 
.079 .277 .641 

-
.009 

.066 .212 .321 .109 .160 .049 .066 .123 
-

.184 
.080 .087 .144 

R63 
.125 .048 .626 .002 .256 .046 

-
.076 

.151 .221 .069 .198 
-

.204 
.268 .258 .243 .053 

R64 
.014 .066 .431 .047 .264 .136 .131 

-
.122 

.586 
-

.031 
.310 .144 .062 .264 .203 

-
.045 

R65 
.121 .089 .709 .200 .197 .078 .326 

-
.087 

.187 
-

.089 
.131 .122 

-
.069 

.047 
-

.092 
-

.007 
R66 

.114 .399 .527 .389 .087 
-

.011 
.165 

-
.114 

.324 .110 .016 .212 
-

.063 
.041 

-
.025 

-
.053 
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Table 21 Assessing the value creation  

To what extent are the following indicators considered and implemented in this design? 

Scale 
Total 

points 

Scores 

gained 

Cluster 

Wms 

% 

Group 

Wms 

% 0  Not implemented  ←       3   Considered                    →  5  Highly implemented   

Financial 

Performance 

19.07% 

  
  
  
  
  
  
  
  

OPEX 

VFI11 Maximise residual value 1.829   

  

 

  

  

VFI6 Increase economic lifetime 1.963    

VFI15 Optimise risk-return ratio of alternative options 1.819    

VFI2 Efficiency of Operational expenditure  (OPEX) 1.987    

VFI5 Improve economic efficiency 2.001    

CAPEX 

VFI3 Maximise the cost efficiency to build 1.891   

  

 

  

VFI1 Efficiency of capital expenditure (CAPEX) 1.991    

VFI12 Minimise cost of capital 1.872    

VFI4 Deliver / achieve Cost certainty 1.877    

VFI9 Return on investment 1.839    

Functional 

Performance 

35.49% 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

Longevity 

VFU26 
Provide functional ability of the foundations requirements (strength 

and stability) 
1.915   

  

 

  

  

VFU27 
Ensure substructure functional requirements meet a satisfactory level 

of performance 
1.91    

VFU28 
Ensure superstructure functional requirements meet a satisfactory 

level of performance 
1.92    

VFU2 Increase life of services 2.039    

VFU3 Provide function – fitness for purpose 2.044    

VFU23 Configure design to enable an efficient construction process 2.006    

VFU24 Ensure construction efficiency is considered in specification 1.968    

Reliability 

VFU19 Maintain Security – health and safety 1.929   

  

 

  

VFU21 Meet all statutory requirements and building regulations 1.972    

VFU22 Ensure designed elements are standardised 2.053    

VFU20 Suitability and maintainability of materials 2.034    

VFU15 Provide durable building –last longer 1.929    

VFU14 Assure convenience 1.987    

VFU18 Create reliable building – safer 1.972    

VFU1 Maintain adaptable building - useful to all 2.006    

VFU8 Increase efficiency – add capacity 1.91    

VFU13 Provide disability access 1.968    

VFU16 Maintain durability 1.925    

Operational 

Performance 

17.66% 

  
  
  

  
  
  
  

Manageability 

VOP8 Easy to operate 1.92   

  

 

  

  

VOP6 Easy  to maintain 1.905    

VOP9 Easy to inspect and maintain 1.896    

VOP11 Provide building systems that are easy to operate and control 1.905    

VOP15 Reduce operational risk 1.92    

Energy  and 

efficiency 

VOP1 Reduce/minimise/save energy usage 2.087   

  

 

  
VOP2 Maintain efficiency in terms of energy 2.12    

VOP3 Increase efficiency of utilities 1.944    

VOP4 Increase efficiency of heating, cooling and lighting 1.963    

Environmental 

Performance 

15.66% 

  
  
  
  
  
  

Eco-resources 

VEN5 Increase use of natural ventilation 1.982   

  

 

  

  

VEN3 Provide indoor environmental quality 1.982    

VEN4 Access to natural light, management of air quality and temperature 2.034    

VEN7 
Specifying low-maintenance, durable, environmentally preferable 

materials and equipment 
1.991    

VEN10 Minimise consumption of resources 1.91    

Adaptability 

VEN8 Maximise resource reuse 1.891   

  

 

  VEN12 Respond to site microclimate 1.882    

VEN11 Conserve water resources 1.991    

Management 

Performance 

12.12% 

  
  
  
  

Control 

VMA10 Able to construct to scope/cost/budget/schedule/quality 1.972   

  

 

  

  

VMA11 Completed to specification 2.039    

VMA6 Produce effective plans to achieve the project objectives 2.011    

Planning 

VMA3 Create strategic planning 1.982   

  

 

  VMA1 Provide effective project management and delivery 2.13    

VMA5 Provide cost control to achieve the project objectives 1.987    
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Table 22 Assessing the risk impact 

To what extent is the value creation in the design of this project impacted by the following risk factors? 
Scale 

Total 

points 

Scores 

gained 

Cluster 

Wms % 
0  No impact  ←       3   Moderately impacted                   →  5  Highly impacted  Weight 

Financial Risks 

37.09% 

R11 Failure to recognise cost-value mismatches  2.789  

 

 

 

R10 Failure to identify cost-value relationships  2.764   

R8 Failure to consider the cost of losing potential revenue  2.822   

R12 Failure to appropriately locate cost-to-function allocation  2.797   

R9 Uncertainty about prices  2.805   

R5 Inappropriate cost evaluation criteria  2.888   

R6 Failure to consider future operational costs  2.896   

R3 Failure to consider implication of economic conditions  2.789   

R1 Insufficient funding  2.995   

R7 Failure to recognise cost as resource expenditure  2.822   

R65 Incorrect estimated cost of maintenance  2.937   

R63 Incorrect cost estimate  2.986   

R66 Incorrect estimated cost of energy used  2.797   

Functional Risks 

23.19% 

R20 Failure to consider construction implications during design  2.805  

 

 

 

R19 Failure to design to brief/specification  2.773   

R17 Failure to examine specifications due to unnecessary expense  2.838   

R33 
Failure to integrate the various systems to achieve the lowest life-cycle 

costs  
2.797 

  

R21 Design changes  2.962   

R22 Redesign / rework  2.962   

R35 Failure to identify low-value, long-lead-time items  3.102   

R36 Failure to consider design risks  2.954   

Operational 

Risks 

8.50% 

R44 Failure to consider increase in routine maintenance  2.830  

 

 

 
R45 Failure to consider increase in life cycle replacement  2.797   

R39 Failure to consider design impact on operating efficiency  2.871   

Environmental 

Risks 

8.00% 

R38 Failure to consider obsolescence  of equipment impact  2.674  

 

 

 
R43 Failure to consider maintainability  and , reparability impact  2.567   

R47 Failure to consider implication of environmental risks 2.756   

Management 

Risks 

23.23% 

R49 Poor project management   2.929  

 

 

 

R50 Poor definition of the scope and objectives of projects  2.805   

R51 Project scope Unscheduled Items  2.847   

R57 Improper project planning and budgeting  2.871   

R53 Lack of coordination and decision making  2.896   

R64 Incorrect time estimate  3.060   

R54 Poor Team Relationships  2.814   

R28 Poor design that may lead to higher operation costs  3.003   

 

 

 

 


