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CHAPTER 1 

 

INTRODUCTION AND BACKGROUND TO THE STUDY 

 

1.0 INTRODUCTION 

 

Systematic capital cost engineering and capital cost estimating have developed into a 

specialist activity (Hollmann, 2007b: 8), although Brook (2004: 66) indicates that the core 

essentials of estimating have remained the same since the first half of the twentieth 

century. Estimating has been described as both an art and a science. This distinction is 

mainly due to the constant studies of costs and trends (Hughes, 1991: 3), analysing the 

results, and recording it (Zastrozny, 1974: 4). Cost estimation is the foundation for 

economic analysis in construction (Newman, Eschenbach & Lavelle, 2004: 38). Once 

sufficient data has been collected and processed it should be converted into methods 

and systems that then become suitable tools for producing realistic capital cost budgets. 

 

Costing of certain elements is an essential part of construction (Newman, et al., 2004: 

38). It can take on several forms and can be used for several purposes (Cesarone, 

2007: 37). Cost determination or cost estimating should form part of any construction 

project (Brook, 2004: 66). From the initial stages to the very end, costing can assist 

management in various forms (Azhar, Ahmed & Caballero, n.d.: 1). 

 

Realistic estimates are essential (Dysert, 2004: 9.1). An over-estimate may cause a 

promising proposition to be abandoned whereas an under-estimate may result in 

financial losses. There are many benefits derived from the use of estimates apart from 

being able to predict the probable cost of capital projects (Black, 1984: 59; Humphreys, 

1984: 52). 

 

First and foremost it is used as a basis for economic studies (Humphreys, 1984: 52) to 

determine the profitability of the manufacturing of a proposed product (Clark & 

Lorenzoni, 1985: 24). Once an economic study has proved favourable and it has been 

decided to proceed with the actual construction, the estimate gains even more in 

importance. 
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Eventually the estimate becomes a tool for manpower planning, time scheduling, and 

finance planning (Hollmann, 2007b: 8). By making cost comparisons possible the 

estimate also assists the decision-making authority in accepting or rejecting tenders from 

contractors. During the actual construction period the estimate becomes a powerful 

implement in the application of cost control and financial forecasting (Dysert, 2004: 9.1). 

 

The orderly execution of a capital project will, apart from effecting many savings, 

facilitate the introduction of an efficient cost feedback system and eventually provide a 

proper cost history (Tompkins, 1985: 4); both of which are essential to the preparation 

and improvement of future estimates (Dysert, 2004: 9.8). 

 

The capturing of actual cost on completion of a project is the beginning of a cost history 

(Bent, 1982: 13), which if properly utilised becomes the main source of information for 

the development of efficient short cut estimating methods (Zastrozny, 1974: 4). An 

essential requirement is the early establishment of records covering as wide a range as 

possible of materials, equipment and labour costs (Zastrozny, 1974: 4). These must be 

brought up to date regularly and extended as new information becomes available 

(Dysert, 2004: 9.5). 

 

A cost feedback system must be in place (Bent, 1982: 13-14). This system should collect 

all actual cost data and interrelationships between various types of data must be 

established (Black, 1984: 59). Dysert and Pickett (2005: 30) indicate that this will allow 

the determination of reliable factors for the use in ratio conceptual cost estimating. On 

completion of a project the total actual cost must similarly be incorporated in the costing 

data. This cost history, if properly utilised, becomes the main source of information for 

the development of efficient short cut estimating methods (Kwak & Watson, 2005: 1430). 

 

The most important single requirement for obtaining a reasonably accurate estimate is 

the information supplied to the estimator by other parties. Liu and Zhu (2007: 91) point 

out that detailed information is seldom available at the estimate stage. The estimator 

should therefore work closely with the engineering team to be included in all decisions 

on the design. Zastrozny (1974: 4) states that the best estimate information originates 

from engineers that worked in closely with the estimating group over long periods. 
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The importance of cost history cannot be overemphasized, however, there are also other 

factors which can have an effect on the accuracy of an estimate. The time value of 

money (escalation) (Opfer, 2004: 7.3; Humphreys, 1984: 159) and competency of staff 

members (Molenaar, 2005: 343) also have a significant effect on the accuracy of 

estimates. Cost is the value of an activity or asset (Postula, 2004: 1.1). Cost estimating 

is not an exact science and allowances within the estimate are often based on 

assumptions (Azhar, et al., n.d.:1). The estimator must, however, always be able to 

explain his rationale in his decision-making and why he chose to make certain 

assumptions. 

 

The use of cost estimating principles can be a handy tool in financial forecasting (Dysert, 

2004: 9.32). Dysert and Pickett (2005: 30) and Kwak and Watson (2005: 1430) state that 

in the beginning of the project when there are various unknown factors or non-definitive 

designs, conceptual cost estimating can be applied to determine more accurate 

estimated final costs. As the project progresses and designs become more definitive, 

conceptual cost estimating can be used to test measurements and allowances (Clark & 

Lorenzoni, 1985: 31). There are always a number of additions on any project. The cost 

for these additions can in most cases also be calculated by using conceptual cost 

estimating. 

 

2.0 TITLE 

 

Ratio conceptual cost estimating in South African petrochemical construction projects. 

 

3.0 PROBLEM STATEMENT 

 

Over the years cost control has evolved into a fine art and a specialist practice. 

Organisations have cost control systems in place during the construction phase and 

have good estimating methods when tendering for new work. 

 

One of the tools that have been developed to assist management in decision-making is 

the financial review (financial forecast). In essence, this is a basic estimate of what the 

final cost on a particular project will be. This forecast is adjusted as the project nears 

completion and should eventually equal the final account value. 
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During the course of any project there will, however, be additions and omissions to the 

scope of work. The client might require more scope or improved design on existing 

scope, or might decide to omit certain scope. The organisation employed by the client to 

construct the project might also become aware of certain changes to the scope of work. 

These changes will necessitate updates to the Estimated Final Cost (EFC). 

 

It appears that these changes are in most cases influenced by a gut feel of what the cost 

will be, rather than a more scientific approach. One way of improving this form of 

forecasting is to employ known estimating methods which are well tested. Ratio 

Conceptual Cost Estimating (RCE) is one such method. This method is a quick form of 

estimating based on historical data. The incorporation of such a method will improve the 

way in which financial forecasting is done. 

 

4.0 PRIMARY OBJECTIVE 

 

The primary objective of this study is to prove the effectiveness of Ratio Conceptual Cost 

Estimating (RCE) in the South African petrochemical construction industry.  

 

5.0 SECONDARY OBJECTIVE 

 

Should the Primary Objective be accomplished, the researcher might be able to proof 

the value of Ratio Conceptual Cost Estimating (RCE) during the construction phase of 

the project as well, i.e. the financial forecast. 

 

6.0 HYPOTHESIS 

 

6.1 Primary hypothesis 

 

It is possible to apply Ratio Conceptual Cost Estimating (RCE) in the South African 

petrochemical construction industry. 
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6.2 Secondary hypothesis 

 

The use of Ratio Conceptual Cost Estimating (RCE) in the construction of South African 

petrochemical projects will lead to improved cost forecasting. 

 

7.0 RESTRICTIONS 

 

The design, development, and ultimately the construction of a petrochemical plant is a 

complex process that expands on a multi-disciplinary level, which in itself makes it 

difficult to complete a design before the plant is 100% constructed. Minor changes will 

occur throughout the development of the plant, and especially when the new plant needs 

to tie into the current factory grid, there will be unknowns to the engineers that will only 

be realised once the physical work gets done on site. These initial unknowns might 

influence pipe sizes, cable sizes, material types, etc. It is because of this reason, as well 

as the fact that brown field work never stands in correlation to the brown field work on 

the next project, that all costs relating to work of this type has been omitted from this 

study. 

 

The material cost of items such as piping and piping equipment as well as mechanical 

equipment fluctuate to such an extent that to include these materials and equipment in 

the ratio conceptual cost estimating process will be dangerous. This is not really the 

case in countries where many similar and often identical plants are constructed, but in 

Southern Africa there are a limited number of new plants erected. This limited source of 

information makes it risky to include the volatile cost of piping material and mechanical 

equipment and therefore the cost of these materials have been omitted from this study. 

 

Petrochemical plants are constructed by the private sector and because of the highly 

competitive nature of the industry most details pertaining to any given plant are treated 

as confidential. Obtaining information/data is therefore problematic and in most cases 

databases and procedures will evolve as the estimator’s level of experience increases. 
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8.0 DEFINITIONS 

 

•••• Profit: Profit is the amount included in a contractor’s price to compensate the 

contractor for undertaking the risks associated with the project and to provide 

a return on investment, (Kraus’, 2007: EST.18.2). 

•••• Cost: Cost is an outflow of a resource, whether in cash, as a payable, a 

rendered service, or a trade or barter that is consciously made with 

expectation of benefit to the organisation: goods, property, or service 

required, (Stenzel & Stenzel, 2003: 2). 

•••• Cost control: Cost control is a process to hold expenditures within budget by 

monitoring and appraisal of the cost performance, (Azhar, Ahmed and 

Caballero, n.d.: 1). 

•••• Direct cost: A direct cost is any cost that can be identified specifically with a 

final cost objective, (Norfleet, 2007: EST.12.1). 

•••• Indirect costs: Indirect costs are those resources that need to be expended 

to support the activity, but which are also associated with other activities, 

(Eldenburg & Wolcott, 2005: 38). 

•••• Overhead cost: This is a form of indirect cost in its broadest sense in that it 

cannot be assigned to a specific contract without some method of allocation, 

(Enshassi, Aziz & Karriri, 2008: 36). 

•••• Cost management: Cost management is the use of cost accounting systems 

and methods to guide current and future operations towards specified 

objectives; the analysis and interpretation of cost data is critical to the 

decision-making process, (Stenzel & Stenzel, 2003: 3). 

•••• Cost trending: Trending is a project cost and schedule control technique 

used continuously through all stages of a project to illustrate deviations from 

the control budget or project schedule, (Tompkins, 1985: 20). 

•••• Productivity: Productivity is the ratio of some measurable unit of output to 

some unit of input. Productivity is therefore a measure of efficiency, or the 

amount of work that the employees complete during each working day, 

(Carrell, Kuzmits & Elbert, 1989: 74). 

•••• Performance: Performance is the realising of goals,agreed upon or set by 

the individual for himself, and meeting his own expectations or those of other 
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people, such as managers or colleagues, to whom a product is delivered or to 

whom a service is rendered, (Coetsee, 2002: 7). 

•••• Rework: Rework is the process by which an item is made to conform to the 

original requirement by completion or correction, (Ashford, 1992: 12). 

•••• Work breakdown structure (WBS): A work breakdown structure (WBS) is a 

deliverables-orientated decomposition of the project. It is not the activities 

needed to create the project deliverables; it is the outcome that the activities 

create, (Phillips, 2005). 

•••• Work package: A work package is a well-defined scope of work that 

terminates in a deliverable product(s) or completion of a service. Each 

package may vary in size, but each must be a measurable and controllable 

unit of work to be performed, (Humphreys, 1991: 471). 

•••• Estimate: An estimate is a prediction of quantities, cost and/or resources 

required by the scope of an asset investment option, activity or project. As a 

prediction, an estimate must address risks and uncertainties, (Dysert, 2004: 

9.27). 

•••• Database: A collection of actual historical project data with special emphasis 

on quantities and cost data; normalised into useful compatible data and 

expressed as ratios of each other, (Pickett & Elliot, 2007: EST.02.1). 

•••• Inflation: Inflation may be defined as an increase in the general price level 

for goods and services occurring over a relatively brief period of time, (Faig & 

Jerez, 2006: 3). 

•••• Escalation: Escalation is the effect between the interplay of changes, real or 

anticipated, in input costs, perceptions of risk, and perceptions of the 

competition. Escalation occurs due to changes in price levels driven by 

underlying economic conditions, (Hollmann and Dysert, 2008: EST.08.1). 

•••• Contingency: Contingency is defined as the amount to be added to the 

competitive base estimate, prepared realistically for the known scope 

assuming typical site/market conditions/oversights/unknowns, and is free of 

excessive allowances and mark-ups as per historical experience so that the 

final project cost estimate has an equal chance of falling above/below the 

actual cost or the initial quantifiable estimate, (Skitmore & Ng, 2002: 457). 
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•••• Estimated final cost: An estimated final cost is a collection of historical, 

current and estimated future costs on a project, (Shirley and Banks, 2007: 

EST.11.1). 

•••• Cost forecasting: Cost forecasting is the process in which estimated values 

are put to future costs on a project to predict the end value of the project, 

(Brigham, Gapenski & Daves, 1999: 243). 

•••• Scope of work: Total work to be accomplished and administrative 

requirements associated with a contract as described within the contract 

documents, which may include the general conditions, special conditions, 

specifications, drawings and addenda, (Humphreys, 1991: 367). 

 

9.0 RESEARCH METHODOLOGY 

 

Leedy (1980: 119) describes various approaches to the methodology of a thesis. These 

approaches were studied in order to identify the correct methodology to be used in order 

to support the problem statement and the sub-problems to the research being 

addressed.  

 

According to Leedy (1980: 119), the historical method of research is the means by which 

the researcher deals with the latent meaning of history. The object of the historical 

method, therefore, is to provide a means through which the researcher may deal with 

problems that arise from the events that happened in times past and to interpret what 

might otherwise be considered merely as the happenstance of blind fortune. 

 

Leedy and Ormond (2001: 70) state that the literature review describes theoretical 

perspectives and previous research findings related to the problem at hand. Its function 

is to “look again” at what others have done in areas that are similar, though not 

necessarily identical, to one’s own area of investigation. A researcher should know the 

literature relating to the topic very well. 

 

The research methodology for this study comprises of: 

 

•••• A literature survey analysing historical information that has led to the 

development and implementation of the model. 
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•••• Reporting on data gathered from 45 historical projects as well as the 

normalisation of such data to be expressed as ratios in a database. 

•••• Comparing the normalised data against actual data gathered from 10 

completed projects. 

 

9.1 Literature review 

 

The investigation into the problem and sub-problems leads to an extensive literature 

review. Historical tendencies relating to important aspects surrounding the study and 

opinions from other related sciences have been thoroughly investigated. The following 

sources have been consulted: 

 

•••• Books 

•••• Journal and newspaper articles 

•••• Theses 

•••• Electronic data in the form of articles 

•••• Conference papers 

 

The literature review forms an integrated part of the study since the concept of Ratio 

Conceptual Cost Estimating (RCE) and financial forecasting primarily has a theoretical 

build-up. A proper theoretical pre-study therefore was unavoidable. 

 

Although there is sufficient literature on RCE and financial forecasting in general, no 

literature could be found that deals specifically with the implementation of RCE in 

financial forecasting to enhance the accuracy and presentation of the financial reporting 

procedure. 

 

9.2 Data collection 

 

Data from several historical projects was collected and analysed. This data includes 

actual historical quantities and rates from previous projects upon final agreement. The 

details of the projects could not be revealed due to secrecy agreements. This data was 

normalised to make the data compatible with other data. It was then transferred to a 

database in the form of quantity ratios and rate ratios. These ratios were then employed  
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by multiplying them with some project base information to determine the quantities and 

rates of projects or portions of projects with incomplete design and specifications. 

 

10.0 STRUCTURE OF THE THESIS 

 

The structure of the thesis is illustrated in Figure 1.1. After this introductory chapter, the 

influences on construction cost and the process of construction estimating is 

investigated. Chapters 2 and 3 describe both these concepts. The methodology of Ratio 

Conceptual Cost Estimating (RCE) is described in Chapter 4. Chapter 5 describes the 

establishment of an estimating database and what is necessary to make such a 

database an invaluable tool when conducting a RCE. Chapter 6 describes the reasons 

why inflation occurs and the effect thereof on the construction industry. The ultimate 

effect of inflation on construction is construction price escalation and this phenomenon 

also is discussed in this chapter. Chapter 7 explains the importance of time in 

construction and how time can influence the construction schedule.  Chapter 8 deals 

with the practical application of RCE in the petrochemical industry in South Africa and 

also describes the development of a model to be used in RCE. The conclusion and 

recommendations is presented in Chapter 9. 

 

Several addendums provide details on estimates and financial forecasts. They are: 

 

Addendum A – Estimating checklist for capital projects 

Addendum B – Estimate summary worksheet 

Addendum C – Typical work unit sheet 

Addendum D – Database for 45 historical projects 

Addendum E – Typical financial forecast summary 

Addendum F – Summary of Ratio Conceptual Cost Estimate (RCE) 

Addendum G - Database for statistically adjusted ratios and RCE’s for ten target projects 

Addendum H - A typical scope definition breakdown of a portion of a specific project 

Addendum I – Estimate stakeholder scope agreement 
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Figure 1.1 Structure of the thesis 
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The content of each chapter will be described in more detail: 

 

Chapter 2 defines cost control philosophy. This process is started by briefly mentioning 

some historically significant projects and then connecting modern cost control to lessons 

learned from these historical projects. The concept of profit is discussed and how 

different cost types can influence the profit margin of any construction endeavor. These 

costs are broken down into several sub-divisions such as direct and indirect costs, which 

in turn are divided into other groups such as material and labour. Secondary aspects 

such as productivity and its effects are mentioned. Lastly, engineering is discussed to 

emphasise the importance thereof in making the project a success. 

 

Chapter 3 describes the process of cost estimating in construction with special 

emphasis on estimating in the engineering field, and more specifically, the petrochemical 

field. The requirements and aids to estimating are discussed and special emphasis is 

placed on the importance of scope definition. Different types of estimates are discussed 

and the influences on estimate accuracy are highlighted. The chapter concludes with the 

final review process of estimates. 

 

Chapter 4 highlights the methodology of conceptual cost estimating in the engineering 

industry. The different types of conceptual cost estimating are mentioned with special 

emphasis on Ratio Conceptual Cost Estimating (RCE). Different ways of improving this 

form of cost estimating are discussed. 

 

Chapter 5 reiterates the importance of a properly developed cost database. The 

requirements of such a database as well as the process of data collection are 

mentioned. The necessary data adjustments (data normalisation) are discussed, as well 

as the implementation of the normalised data.  Lastly, the structure of the database is 

set out with descriptions of the main cost-bearing activities in a typical petrochemical 

development. 

 

Chapter 6 portrays the effects of cost escalation and why it needs to be included in 

future project costs. It also covers risk management, the effects of proper risk 

management as well as the process or methodology of risk management. Inflation has a 

strong influence on cost escalation and is therefore discussed. Reasons as to why 
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inflation occurs and how to address it are mentioned. The use of cost indices, to apply 

escalation as well as the general management of escalation, are outlined. The reasons 

as to why it is necessary to include contingency in an estimate, misuse of the 

contingency, and management thereof are discussed 

 

Chapter 7 elaborates on the impact of time on the construction schedule and how time 

can affect costs on the project. The financial forecasting process is set out in this chapter 

and is enhanced by cash flow analysis.  

 

Chapter 8 discusses the practical application of Ratio Conceptual Cost Estimating 

(RCE) in the petrochemical industry, based on a developed database. 

 

Chapter 9 provides the conclusion and recommendations of the study. 
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CHAPTER 2 

 

COST CONTROL PHILOSOPHY 

 

1.0 INTRODUCTION 

 

When building a plant, cost control means regulating expenditures within the 

authorised budget while providing a plant of the desired quality within the time limit 

specified (Aoieong, Tang & Ahmed, 2002: 182). According to Agrawal (2007: 68), the 

plant should be capable of producing a quality product at the specified design capacity. 

Cost control cannot end with analysis and prediction of capital costs. The philosophy of 

cost control should be threaded through the plant’s design and construction. Cheng 

and Li (2004: 793) state that costs should be controlled during the design, procurement 

and construction phases. 

 

Economic progress depicts the construction of factories and plants and these must be 

constructed with cost control as a barometer of the plant’s success (Reinschmidt & 

Trejo, 2006: 761). Pena-Mora and Park (2001: 445) point out that most heavy 

industries and petrochemical construction projects are now built by what is termed “fast 

track” methods. Design, procurement and construction are done with significant 

overlap, often appearing to happen simultaneously. Fast track methodology is 

necessary because of rapidly developing technology and expanding markets. As the 

design of certain portions of the plant gets agreed, procurement on long lead items can 

start (Reinschmidt & Trejo, 2006: 761). The speed of construction places even more 

emphasis on cost control throughout the construction phase. 

 

Viljoen (2008: EVM.SO4.1) points out that to properly control the costs involved in 

building a process plant, as with any other construction project, several cost 

components should be managed in such a way that management will know timeously 

of any changes that may cause the project to steer away from the target, which will be 

to finish in time and within budget. 

 

The purpose of this chapter is to investigate the theory of cost control and what 

influences costs on a project, what influences profit and how these influences can be 

managed to allow for an increased profit? Profit forecasting begins with individual 

forecasting of actual project cost performance relative to the allotted project budget and 
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ends with cumulative forecasts of corporate profit (Kumar, Nottestad & Macklin, 2007: 

141). 

 

According to Walsh, Sawhney and Brown (2005: 162), to understand the application of 

profit and how it should be applied one must understand the concepts of cost and how 

cost influences the success of the project. Total cost is determined by the cost of the 

resources that are expended to complete the activity or produce an asset. Resources 

utilised are categorised as material, labour, plant and indirect costs. Money and time 

are often considered to be resources, but they only implement and/or constrain the use 

of the physical resources (Postula, 2004: 1.1). Several types of cost have been 

identified and are discussed in this chapter.  

 

The process by which costs are determined and arranged to be presented is referred to 

as pricing. Several tools exist whereby the pricing of a project can be evaluated to 

allow management to apply certain cost factors that will influence the total price of the 

project. Economic ratios and concepts guide the costing of the project and can be used 

to forecast the estimated final cost of the project (Roztocki & Needy, 1999: 20).  

 

Ferreira and Rogerson (1999: 407) indicate that the main components of costing on a 

project are material, plant, labour and indirect costs. It is therefore necessary to spend 

some time on these aspects to identify the milieu in which they are priced and what 

influence they have on the outcome of the project. The use of different types of 

material, the handling thereof, and the way they are procured play a role in the costing 

of this component which forms the largest part of the total project cost (Gibson, Wang, 

Cho & Pappas, 2006: 37). With the worldwide focus on the “human factor”, the 

influence of labour cost on a project and the ultimate feasibility of the project, labour 

cannot be overlooked. With labour comes productivity (Berg & Hinze, 2005: 829). 

Increased levels of skills can lead to more cost-effective construction which will 

increase the profit margin. 

 

The starting point of all the above-mentioned influences on cost is the initial design of 

the plant (Farkas & Uys, 2004b:). Several engineering factors influence the cost of a 

project. Globalisation, life-cycle costing, computer aided design, standardisation, etc. 

are but a few. Hamaker and Compomation (2005: 29) state that good engineering will 

lead to improved processes as well as improved methods of construction.  
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2.0 PROJECT COST CONTROL 

 

2.1 Historical perspective: Projects of historical significance 

 

Cost control is based on cost estimates of a certain scope of work executed according 

to a certain plan of action (Louw, 2002: 213). Proper cost control will highlight any 

changes in cost and will provide the managers of the project with the task of dealing 

with these changes. Throughout history, mankind has had a great deal of experience 

executing projects of all kinds, but has not always been successful in learning from old 

projects. To gain some perspective, some historical projects will have to be studied. 

 

If one considers some well-known historical projects it is astonishing to find how well 

certain projects were planned and controlled even in those early days. The Eiffel Tower 

(which will be discussed later in this study) for example weighs 6300 t and was 

constructed over a period of little more than two years and in a time where modern 

construction equipment was not available. According to Van Niekerk (2008: personal 

interview), many contractors have difficulty in completing much smaller projects in the 

same time frame with modern equipment. It is therefore important for the student of 

cost control to be aware of what was achieved in the past so as to work towards real 

progress and not stagnate in the drive towards more cost-effective projects. 

 

2.1.1 Ancient Rome 

 

Morton (1966: 15) describes how Marcus Agrippa probably became the greatest 

fountaineer in history. Agrippa and his lifelong friend, Octavian, were both in their early 

thirties when they defeated Julius Caesar. They found Rome in a deplorable state. 

Agrippa and Octavian both started working on the re-instatement of the infrastructure. 

Their first act was to dismiss the contractors who had mismanaged Rome’s water 

supply for centuries. Having cleared the sewers and repaired the aqueducts, Agrippa 

built a new aqueduct (Aqua Julia), and erected 500 fountains and 700 basins and pools 

for public use, and all this in one year of construction. According to Morton (1966: 16), 

Agrippa applied stern planning and control methods during this time. 

 

At the time of the first Gothic sack of Rome in AD 410 the 11 aqueducts totaling 

494 km of which approximately 85% were underground were feeding 1212 public 

fountains, 11 great imperial thermae, and 926 public baths. All traces of this triumph of 

hydraulic engineering vanished during the barbarian invasions. 
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2.1.2 St Paul’s Cathedral, London 

 

Anonymous, (2010a: np) indicated that in 1668 Wren was invited to submit designs for 

a new St Paul’s Cathedral after the previous one was badly damaged in the Great Fire. 

He produced the first model, the Great Model, and the Warrant Design. Both were 

rejected by the church authorities so he decided not to submit any further new designs, 

but a Surveyor General to the King’s Works told him to go ahead “as ordered by His 

Majesty”, (Downes, 1990: 23). The foundation stone was laid on 21 June 1675 and 

work continued until 1708. The cost of the cathedral was 736 752 pounds sterling. 

Wren was paid 200 pounds sterling a year during the cathedral’s construction. The 

dimensions are: length overall 152 m, height to the summit of the transepts 74 m, 

internal diameter of the dome 34 m. The project took 40 years to complete. Mathews 

and Atkins (1957: 67) point to evidence of cost control during this project even though 

the schedule was not of great concern. 

 

2.1.3 The Palace at Versailles 

 

Blunt (1980: 35) pointed out that the Palace at Versailles was built to house 1000 

nobles and 4000 of their servants, and another 5000 servants in the palace annexes. 

By 1685, 36 000 workmen with 6000 horses were engaged on the palace site under 

the direction of Mansart, Le Brun and Le Nôtre. Such numbers may be grasped when it 

is realised that the installation of 1400 fountains necessitated the diversion of the river 

Bièvre and 16 000 hectares of land being drained, (Berger, 1985: 112). One hundred 

statues were commissioned by Le Brun for the gardens alone. Construction lasted 25 

years which, considering the size of the scope and the time in which it was done, is 

notable, (Littell, 2001:78). Baillie (1967: 169) refers to the emphasis on planning during 

this project which is one of the most important ingredients of cost control. 

 

2.1.4 The Eiffel Tower, Paris 

 

Barthes (1979: 7) indicated that in 1885 a wrought iron bridge over the Truyère River, 

designed by Alexandre Gustave Eiffel, was opened. This bridge was the highest 

arched bridge in the world. It was 122 m high and 564 m long and was supported by 

five truss work piers and a great parabolic arch with a 165 m chord. The deflection of 

the loaded arch was 8 mm, exactly as Eiffel had predicted. The bridge took five years 

to build (Barr, 1992: 32). 
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The contract to engineer, design, fabricate and construct a 300 m tower with a wrought 

iron structural mass of 6� 300 t standing on a base of 125 m x 125 m was awarded to 

Eiffel & Co. on 8 January 1887. Eiffel had two years and a few months to construct the 

tallest tower ever conceived. He received a subsidy of $300 000 in three installments, 

the final upon completion. Less than one fifth of the project cost was covered by the 

subsidy. Eiffel had to make up the remaining $1,3 million from franchise rights he 

obtained on all the restaurants, café’s, etc. over the next 20 years – if the tower was a 

success. The previous projects mentioned here were all considered to be public sector 

projects, funded by the tax payers or the church. The Eiffel Tower, however, was a 

commercial venture which had to be well planned to succeed, (Barthes, 1979: 101). 

 

The tower was one of the first examples of large scale industrialised construction. All 

calculations had to be accurate to 0,1 mm. Eiffel’s greatest difficulty came from the 

tower’s odd angles. The elements were not repetitive as was the case with many of his 

bridges. Every piece had to be designed separately, taking into account the variable 

inclination of columns and braces along every meter of the tower’s height. Each of the 

2,5 million rivet holes were drawn in on the shop drawings, (Lavedan, 1979: 28). The 

rest were placed on the site. Finished pieces of iron were delivered by horse drawn 

drays from Eiffel’s shops in Levallois-Peret, about 5 km away. They produced 400 t of 

girders and trusses a month, which were hoisted into position by steam-powered 

cranes. It reigned as the world’s tallest structure for more than 40 years, until New 

York’s Chrysler Building opened in 1930. 

 

2.1.5 The Sasol Two and Three Projects 

 

According to Louw (2002: 11), managing the engineering, procurement and 

construction of the vast Sasol Two and Three Oil-From-Coal Projects which were built 

at Secunda in South Africa presented a once-in-a-lifetime challenge. Resources had to 

be mustered from all over the world and formidable engineering and logistical problems 

solved to get a large diversity of high-technological plant and equipment on site. The 

construction of the plants on adjacent sites in a remarkably short time and within a tight 

budget, using a construction labour force with a combined peak number of 26 000 

persons, was a remarkable feat. 

 

In December 1974 the Sasol Two Project was announced. The decision to build a large 

oil-from-coal project was precipitated mainly by the 1973 oil crisis, which made oil-from-

coal a viable proposition. The overall Sasol Two Project was completed in five and a 
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half years, including four years construction. In June 1980 terms, the Sasol Two Project 

cost R2,8 billion, (Pienaar: 1990: 22). 

 

At the time that the Sasol Two Project was built, it was amongst the largest grass roots 

projects ever undertaken in the world. The plant was designed to convert roughly 13 

million tons of coal per annum into gasoline, diesel, liquefied petroleum gas, jet fuel 

and a large range of by-products. This meant that a plant had to be engineered, 

designed, procured, constructed and commissioned which would produce roughly 

about ten times more liquid fuel from coal than the existing plant in Sasolburg (which 

was based on the Fischer-Tropsch Process) was producing. 

 

Although Sasol was committed to using only proven processes, the scaled-up size of 

some of the proposed plants and equipment was astounding. For example, an oxygen 

plant had to be built capable of producing 12 000 tons of pure oxygen per day for 

gasifying the coal and for methane reforming. For each of the six oxygen units, each 

rated at just more than 2000 tons of 98,5% pure oxygen per day, this would in turn 

entail designing air-compressor motor sets rated at 35MW each and oxygen 

compressor motor sets rated at 12MV each, necessitating a completely new electricity 

supply philosophy with 132kV underground cables and dedicated 132kV/11kV 

transformers at each of the large drive motors. 

 

In February 1979, following the Iranian Revolution, the Sasol Three Project was 

announced, as a duplicate of the Sasol Two Project. Profiting from the completed 

engineering and from the experience gained on the Sasol Two Project, that was 60% 

completed by that time, the Sasol Three Project was completed in three and a half 

years including a construction period of three years. Table 2.1 provides some statistics 

of the Sasol Two Project. 

 

Process units 32 

Major mechanical plant equipment items 6 100 

Valves 100 000 

Pipes, valves and fittings 1 250 000 t 

Pipe spools fabricated and installed 33 000 

Earthworks 7.5 million m³ 

Piles 30 000 

Concrete 400 000 m³ 
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Reinforcing steel 23 000 t 

Structural steel 30 000 t 

Concrete hyperbolic process cooling towers (2) Base 108m 

height 156m 

Cooling water circulation 180 000 m³/h 

Power station smokestack, with four smoke stacks housed in a 

concrete windshield 

250m tall 

Construction man hours 130 million 

 

Table 2.1: Some statistics from the Sasol Two Project 

Source:  Louw, 2002: 13 

 

The Sasol Two Project was announced in December 1974 and the first profit was made 

in December 1980. The Sasol Three Project was announced in February 1979 and the 

first profit was made during the first six months of operation.  

 

The above-mentioned projects all have some historical significance and are all great 

engineering marvels. In all of these projects, proper budgeting and planning took place, 

instigating the success of the projects and illustrating the importance of cost control. 

Wellington (1887: 33) made the following observation on project economics: 

 

 “It would be well if engineering were less thought of, and even defined, 

as the art of constructing. In a certain important sense it is rather the art 

of not constructing; or, to define it rudely but not inaptly, it is the art of 

doing that well with one dollar which any bungler can do with two after a 

fashion.” 

 

Goldman (1920: 15) made the statement: 

 

“It seems peculiar and is indeed very unfortunate that so many authors 

in their engineering books give no, or very little, consideration to costs, 

in spite of the fact that the primary duty of the engineer is to consider 

costs in order to obtain real economy – to get the most possible number 

of dollars and cents; to get the best financial efficiency.” 
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De Puyfontaine (1972: 55) commented that in an early observation on expert advice 

and project cost in 1812, Louis Michel Thibault, pioneer engineer, architect and land 

surveyor at the Cape (South Africa), wrote: 

 

“The Burgher Raaden under the various Dutch Governments have 

always been entrusted with public works and, as in all countries, they 

have employed labourers instead of availing themselves of the services 

of architects. Faulty, ridiculous and doubly expensive work has 

resulted…” 

 

Proper cost control and planning on any construction project is therefore not a “nice to 

have”, but a necessity. It is clear from previous discussions in this chapter how 

important these aspects are when considering some projects of historical significance. 

Engaging people with a sound knowledge of cost control on a project will therefore be 

the first step in ensuring a fair profit margin. 

 

2.2 Introduction to project profit forecasting 

 

Construction, like any other business, is profit driven. A construction company which 

consistently enters into contracts with the aim to not make a profit will not succeed. 

Although there might be special circumstances where acquiring a profit will not be the 

main objective of the business, it remains the main reason why people are in 

construction. Kraus’ (2007a: EST.18.2) definition of what profit entails is probably the 

most well-balanced: 

 

 “Profit is the amount included in a contractor’s price to compensate 

the contractor for undertaking the risks associated with the project and 

to provide a return on investment.” 

 

The management of a company first admits that the company has a cost control 

problem when consecutive projects consistently experience cost overruns (Patterson, 

2006: IT.05.1). Lewis and Spencer (2007: OWN.03.1) and Hughes (1991: 1) indicate 

that isolated cases of cost overruns usually are justified and normally do not cause 

changes in whatever project cost control philosophy the company may follow. 

Searching for the reasons why cost overruns occur might not be a simple task (Lucas, 

2007: OWN.05.1). Harris and DiCiesare (2007: CDR.17.3) and Postula (2004: 1.1) 
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show that in most cases the problem of consistent cost overruns can only be 

addressed by procedural change. 

 

Muscianesi (2003: 2), Lukas (2006: EST.03.1), Harbuck (2007: EST.16.1) and 

Musgrove (2007: EST.19.1) indicate that in the beginning of a project, cost is the first 

concern. The estimator needs costs to complete his estimate and to submit a 

competitive price into the market (Schottlander, 2007: EST.06.1; Shirley & Banks, 

2007: EST.11.1). He is therefore selling his project price to his management (Postula, 

2004: 1.1). In many cases, after this sale, costs drops to a much lower position on the 

project priority list. Other project commodities such as schedule (Aslaksen & Vigerust, 

2007: RISK.02.1), safety (Tuffs, 2008: 13), constructability (Lam, Chan, Wong & Wong, 

2007: 36), etc. then take precedence.  

 

According to Scott (2006: New York Times, 16 June) and Hill (2006: 347), in a highly 

competitive bidding market and especially in an economic construction recession, 

project pricing is forced down by market conditions. This and the current tendency of 

larger employers in South Africa to award contracts on a “lump sum” basis, shifts the 

importance of cost from the employer to the contractor (Van Niekerk, 2008: personal 

communication). This makes it even more important to understand cost and why it is 

important to control costs on any project (Lucas, 2007: OWN.05.1; Patterson, 2006: 

IT.05.1). 

 

Profit forecasting begins with individual forecasting of actual project cost performance 

relative to the allotted project budget and ends with cumulative forecasts of corporate 

profit (Kumar et al., 2007: 141). These forecasts involve two categories: projects in 

progress and potential projects. The focus of this study will be on projects in progress. 

Based on these profit forecasts management can plan financial distribution (Aslaksen & 

Vigerust, 2007: RISK.02.1), making financial forecasting one of the most important 

managerial functions in an organisation (Sanders, 2007: 18). 

 

Profit forecasting (DiMonica, 2006: 10; Tague & Morrison, 2007: 12) begins at project 

level. Fayek, Revay, Rowan and Mousseau (2006: 16) state that the project manager, 

with the assistance of the rest of the project team, forecasts future project expenditure. 

Sanders (2007: 16) and Struts and Griffis (2005a: 621) agree with these findings. More 

information can be found in Chapters 4, 5 and 7 of this study on the methodology of 

forecasting. The historical project expenditures and predicted expenditures are 

compared (Kraus, 2007a: EST.18.1; Shirley & Banks, 2007: EST.11.2) to the project 



Chapter 2                                                                                    Cost Control Philosophy 
______________________________________________________________________ 

 23 

budget, resulting in a predicted project cost overrun or under run. These predictions for 

each project are accumulated in the predicted or forecasted project cost overrun or 

under run (Harris & DiCiesare, 2007: CRD.17.2). More information can be found in 

Chapters 4, 5 and 7 of this study on the methodology of forecasting. 

 

Webb (2003a: 111) states that the importance of financial forecasting cannot be 

overstressed. Stenzel and Stenzel (2003: 181) show that team members might think 

that they are only responsible for one figure in the total forecast and therefore ignore 

the importance of their contribution to the total forecast. Refer to Chapter 7. Kenley 

(2003: 4) and Stenzel and Stenzel (2003: 183) refer to another ill-conceived approach - 

that of being very conservative in the forecasts, thinking that this will lead to a cost 

under run, which will result in a saving which is better than overspending. Adopting 

these attitudes will lead to continuous inaccuracy and will only compound the 

forecasting problem (Eldenburg & Wolcott, 2005: 10). 

 

2.3 Regaining control over project costs 

 

Stenzel and Stenzel (2003: 2) define cost as follows: 

 

“Cost is an outflow of a resource, whether in cash, as a payable, a 

rendered service, or a trade or barter that is consciously made with 

expectation of benefit to the organisation: goods, property, or 

service required.” 

 

Cost control on the other hand is defined by Azhar, Ahmed and Caballero, (n.d.: 1) as 

follows: 

 

“Cost control is a process to hold expenditures within budget by 

monitoring and appraisal of the cost performance.” 

 

Understanding the definition of cost control is the first step towards establishing a 

proper cost control programme (Stenzel & Stenzel, 2003: 37-38). An effective 

programme consists of an integrated system of work flow which directs daily design 

and construction efforts (Kraus, 2007a: EST.18.1). These paths incorporate the efforts 

of all project functions, thereby providing the following control features: 

 

• A system of checks and balances. 
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• Easy access to current project data. 

• Easy comparison of project progress with current expenditures. 

• Minimisation of cost overruns through early detection and redirection. 

 

According to Azhar et al., (n.d.: 1) and Establishing a Cost Control System (2008: 

online), a company project cost control programme is actually a work flow procedure in 

itself. This procedure can be as well-defined as possible but if it is not well 

communicated between the different departments or disciplines within the organisation, 

good cost control will not be realised (Al-Jibouri, 2003: 143). Figure 2.1 indicates the 

basic communications affecting cost control. 

 

To ensure that project costs are important employee concerns, management should 

first initiate a company project cost control programme. This programme should include 

the contribution of each department or project function. The task of enforcing a project 

cost control programme lies with management (Ciccarelli, 2003: CDR.12.1). Such a 

project cost control programme is manifested in a work flow procedure rather than a list 

of historical budget and cost data. It should be a well-balanced system, not too 

simplified but also not over-controlled which might be very costly. Azhar et al., (n.d.: 1) 

illustrate in Figure 2.2 how such a system can function. 
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Figure 2.1: Basic corporate communications affecting cost control 

Source:      Tompkins, 1985: 7 
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Figure 2.2 describes the basic framework to develop an integrated cost estimation and 

control system. The methodology for developing such a system begins with a 

requirement analysis. Azhar et al., (n.d.: 2-3) state that requirements are broken down 

into a coding system, cost estimation and control processes, and input and output 

formats. 

 

 

 

 

 

 

 

 

 

 

 

 

Once the requirements have been analysed a model can be developed. Azhar et al., 

(n.d.: 3) stress the importance of automatic transfer of estimation data to the control 

part. Keeping this in mind the first step of model development can be taken, which is 
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Figure 2.2: Basic framework to develop an integrated cost estimation and 

control system 

Source:        Azhar et al., n.d.: 5) 
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establishing data flow diagrams. Based on the data flow diagrams a cost control model 

can be developed. 

 

3.0 CONCEPTS OF COST 

 

Cost is the value of an activity or an asset (Azhar, et al, n.d.: 1). Stenzel and  Stenzel 

(2003: 2) also refer to cost. Their findings are structured earlier in this chapter. 

Generally this value is determined by the cost of the resources that are expended to 

complete the activity or produce the asset. Resources utilised are categorised as 

material, labour, plant and indirect costs. Money and time are often considered to be 

resources but they only implement and/or constrain the use of the physical resources 

(Postula, 2004: 1.1). 

 

The final activity or asset produced depends on the budget and the time allocated to 

the project (Slight-Gibney, Grenci & Blackwell, 2004: 287). Gardiner and Stewart 

(2000: 251) indicate the importance of time in construction. They further state that by 

studying the plethora of evidence in final reporting on completed projects, it can be 

seen that conservatively speaking almost 50% of all projects show cost overruns. 

Gardiner and Stewart (2000: 252) further allude to the role of Net Present Value (NPV) 

and how this tool can assist in acknowledging the importance of time and budget in a 

construction project. Further detail on NPV can be found later in this chapter. Dunlap 

(1991: New York Times, 8 April) indicates the effect of timing in construction when 

considering economic cycles. 

 

The material content (Dobler, Burt & Lee, 1990: 242) of an asset is not just the physical 

composition of the asset. Thomas, Riley and Messner (2005: 808) agree with these 

findings. The value of the asset might also include for items such as scrap material 

(waste), manufacturing parts, consumables (such as formwork), expendable safety 

equipment and transport (Ashworth, 1992: 8; Wainwright & Wood, 1991: 18). The 

labour content of a price is not only the direct labour utilised to complete a certain task, 

but it also includes the engineer’s design, the foreman supervising the work, etc.. 

(Brock & Palmer, 1986: 106). The indirect cost refers to the resources needed to 

support the specific activity (Brock & Palmer, 1986: 123). This includes all indirect costs 

such as head office overheads, management, etc. (Eldenburg & Wolcott, 2005: 39). A 

final aspect of the costing structure is the profit that management adds on top of the 

total of the direct and indirect costs (Harris & DiCiesare, 2007: CDR.17.1; Paek, 2000: 

40). Profit is determined by market conditions. 
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Further it is important to structure the cost elements within the material, labour, plant 

and indirect resources to understand how they influence the total cost of the activity. 

Eldenburg and Wolcott (2005: 38) indicate that this will also lead to a better 

understanding of how these costs can be controlled. This structuring directs the cost 

elements into four main structures: direct costs, indirect costs (Norfleet, 2007: 

EST.12.1), fixed costs, and/or variable costs (Eldenburg & Wolcott, 2005: 38-39; 

Stenzel & Stenzel, 2003: 74). In practice some costs may fall into more than one 

category. 

 

3.1 Direct cost 

 

Norfleet (2007: EST.12.1) defines direct cost as any cost that can be identified 

specifically with a final cost objective, such as a contract, project or job. In construction, 

direct costs do not represent all costs that can be identified specifically to a job. 

Generally, direct costs are limited only to the actual costs of construction craft, labour, 

material, equipment and sub-contracts. These costs are often referred to as “hard 

costs” and are integral to the installed or constructed component. 

 

Eldenburg and Wolcott (2005: 38) and Norfleet (2007: EST.12.1) further describe direct 

costs as resources that are expended solely to complete an activity. Direct cost is any 

cost that is specifically identified with a particular final cost objective, but not 

necessarily limited to items that are incorporated in the end product as material or 

labour. These costs therefore include all direct labour and material costs to complete a 

specific activity. Factors such as poor productivity (Boyle, 2007: CDR.02.1 and 

Whiteside, 2006: EST.08.1) will be reflected in the labour cost as an indirect factor. 

Waste on material, for instance, will be included in this cost but any recoverable portion 

must be deducted since this will save on the total project cost. 

 

3.2 Indirect cost 

 

Indirect costs are those resources that need to be expended to support the activity, but 

which are also associated with other activities (Eldenburg & Wolcott, 2005: 38). In other 

words, it is any cost that is not directly associated with a single final objective, but with 

more than one objective. Norfleet (2007: EST.12.1), however, indicates that there must 

be a relational requirement between indirect cost and the function base it supports. 

There must be a distinct relationship between the two in order to constitute an 

appropriate allocation of the indirect cost. Norfleet illustrates his statement by means of 
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this example: there is an unquestionable relationship between a base wage rate and 

social security taxes. As the base rate increases, so does the tax attributed to that rate. 

Indirect costs are allocated to an activity based upon some direct cost element. An 

indirect rate is calculated based upon the casual and beneficial relationship between 

the indirect cost, or group of costs, being allocated and the base to which the rate will 

be applied.  

 

Indirect costs can also be described as “overhead costs” or “burden costs”. These 

costs include, amongst others, items such as administrative costs, providing and 

maintaining equipment, expenses for utilities, taxes, etc. 

 

3.2.1 Overhead cost 

 

This form of cost is believed by various authors (Enshassi, Aziz & Karriri, 2008: 36 and 

Ibbs & Nguyen, 2008: 30) to be a form of indirect cost and by some (Norfleet, 2007: 

EST.12.2) to be synonymous with indirect cost in its broadest sense in that it cannot be 

assigned to a specific contract without some method of allocation. Any group of 

homogeneous costs can be combined into a specifically designated overhead category 

and allocated across various contracts using some established methodology. Norfleet 

(2007: EST.12.2) stated some of the more common overhead categories: 

 

• Labour overhead – This represents the cost associated with payroll expenses 

other than a person’s base wage rate. Labour overheads can also include the 

labour cost of employees supporting multiple contracts whose time must be 

allocated in some fashion. Certain other costs such as training can also be 

allocated to this group. 

• Specialised labour overheads – The most common form of specialised labour 

overheads can be found in engineering, manufacturing and material handling. 

• Fringe benefits – A component of labour overheads addressing only the payroll 

expenses that are levied upon or otherwise associated to employee wages are 

fringe benefits. Examples of these include payroll taxes, unemployment taxes, 

health insurance, etc. 

• Field office overheads – In construction, field office overheads consist of the 

indirect costs that are located at and assigned to a particular project but are not 

part of the installed or constructed project. 
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• Home office overheads – Home office overhead, in construction, is the indirect 

cost assigned to the home office and associated with the overall cost of doing 

business.  

 

3.2.2 Burden cost 

 

Cascio (1982: 99) indicates that “burden” is the term loosely used to describe the 

application of some form of indirect cost such as an overhead to a direct cost such as 

labour. This form of cost is most often used to indicate the allocation of labour 

overhead to a base wage rate and does not mean inclusion of all indirect costs. That is, 

unless the term is further described as a “fully burdened labour rate”. In that case it is 

assumed that all allocable indirect costs have been included and the only question 

remaining is whether profit or fee has been applied. A “fully burdened labour rate” is 

also referred to as a “wrap rate”. 

 

3.3 Fixed cost 

 

Eldenburg and Wolcott (2005: 41) refer to fixed cost as cost that must be provided for 

irrespective of what the volume of work is. Fixed costs are therefore not influenced by 

small changes in factors such as productivity, sales and services provided. These costs 

can be direct or indirect costs. Tools or equipment to perform a certain task is, for 

example, a fixed cost. If these tools are used on more than one activity it will be an 

indirect fixed cost. 

 

3.4 Variable cost 

 

As opposed to fixed cost, variable cost is based upon volumes and can also either be a 

direct or indirect cost. Utilities used to perform certain tasks can, for example, be an 

indirect variable cost. According to Eldenburg and Wolcott, (2005: 41), variable cost 

changes proportionately with changes in activity levels. 

 

4.0 COST ACCOUNTING AND COST MANAGEMENT 

 

Cost accounting is the historical reporting of disbursements, costs and expenditure on 

a project (Humphreys, 1984: 40). Historical data can provide a sound basis of 

forecasting and budgeting for future projects. Refer to Chapter 5 for more information 

on historical cost data and the use thereof. 
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Accounting systems focus and assign control responsibilities for some combination of 

profitability, revenue, investment or cost activities. In other words, accounting systems 

identify individuals or segments called responsibility centres (Stenzel & Stenzel, 2003: 

60). Therefore, organisations that hold the responsibility centres accountable for 

safeguarding assets and contributing to profitability, by definition, employ an 

accounting system structure called responsibility accounting. 

 

Any accounting system should include three basic steps: recording, classifying and 

summarising cost data. Each business should have its own approach to classifying and 

summarising costs (Stenzel & Stenzel, 2003: 2). This methodology is called the “code 

of accounts”. Another approach to classifying costs is the use of a Work Breakdown 

Structure (WBS) (Zhao, 2006: RISK.05.1). Not only does a WBS provide a framework 

for planning and controlling the resources needed to perform the technical objectives, it 

also facilitates a summary of project data regarding the cost and schedule performance 

(Zou & Lee, 2006: CSC.13.1). 

 

Regardless of how cost elements are classified and grouped, it is important that this is 

done in a manner that is consistent with the way in which future work is estimated and 

budgeted (Humphreys, 1984: 40). Historical cost records represent the way a company 

is conducting its business. These documents can be analysed to determine whether 

improvements have been made and how costs may trend in future. 

 

The net effect of cost management is increased profit (Stenzel & Stenzel, 2003: 2). 

Profitability, variously interpreted as net income, equity value and return on investment 

is a results-focused indicator watched more carefully than any other performance 

measurement category. At the core, profit only has two components – revenue and 

cost. Stenzel and Stenzel (2003: 3) describe cost management as follows: 

 

“Cost management is the use of cost accounting systems and 

methods to guide current and future operations toward specified 

objectives; the analysis and interpretation of cost data is critical to the 

decision-making process.” 

 

Cost elements and cost structure can be displayed in various ways to management 

(Eldenburg & Wolcott, 2005: 6). Chapter 7 can be consulted for the development of a 

cost forecasting model for presentation to management. Lewis and Spencer (2007: 

OWN.03.1) and Lucas (2007: OWN.05.1) describe four basic methods on how cost 
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information is applied to cost management. These are cost estimating, cost trending, 

cost forecasting and life-cycle costing. The methodology of these methods will be 

discussed in more detail in the following chapters, but a basic description of each 

method in this chapter will add to the overall understanding of cost control philosophy. 

 

4.1 Cost estimating 

 

According to Clark and Lorenzoni (1985: 5), the prediction of quantities and costs 

involved to complete an activity are referred to as estimating, Clark and Lorenzoni 

(1985: 5) also state that the estimate should contain a step-by-step plan as to how the 

project team feel or predict the project will be executed. In case of the design, a flow 

diagram and equipment list should be produced. These documents predict the final 

design after engineering. The estimator makes use of this information and translates it 

into a monetary value by applying unit costs to the quantities (Chuong, 2007: 

EST.07.1). In doing this the estimator is forecasting the final cost to procure the 

material and to install it on site (Lukas, 2006: EST.03.1). The timing of the purchase 

should also be predicted to allow for the necessary escalation. Refer to Chapter 6 for 

more information on escalation. Planning (Harbuck, 2007: EST.16.1) and scheduling 

(Hollmann, 2007b:8; Stratton, 2007: EVM.04.1) therefore become important costing 

factors as well. The most important considerations when performing an estimate are: 

 

• A well-defined scope. 

• A cost element structure. 

• Historical cost data. 

 

The methodology of estimating varies depending on what the purpose of the estimate 

is (Clark & Lorenzoni, 1985: 5). More detail on estimating can be found in Chapters 3 

and 4. 

 

4.2 Cost trending 

 

Cost trends are established from historical cost data (Clark & Lorenzoni, 1985: 268). 

Tompkins (1985: 20) describes trending as follows: 

 

“Trending is a project cost and schedule control technique used 

continuously through all stages of a project to illustrate deviations from 

the control budget or project schedule.” 
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Tompkins (1985: 20) reports that trending offers management the opportunity to make 

project decisions in advance of commitments. Management questions might focus on 

how expenditures are trending relative to the physical progress or accomplishments. 

Cost trending can be a helpful tool for management to make certain decisions 

regarding the management of the project (Bent, 1982: 125). 

 

4.3 Cost forecasting 

 

The main focus of this study is the improvement of the financial forecasting 

methodology. Tompkins (1985: 18) describes forecasts as predictions of the cost at 

completion for the cost elements in progress. Kenley (2003: 37) comments as follows 

on the importance of financial forecasting:  

 

“The success of a company depends on the ability of the management 

to foresee and to prepare for the future. A contractor can use cash flow 

forecast techniques to improve his financial position and remove the 

financial risk which threatens so many construction companies.” 

 

Kenley (2003: 37) describes the importance of why it is necessary to do cash flow 

forecasts. It is important to look at the complete cost spectrum and to include direct and 

indirect costs. Kenley (2003: 37) states that the most important reasons for forecasting 

are firstly, the availability of funds and secondly, the possibility of loss in interest. 

Ashworth (2004: 352) extends the reasons for forecasting and adds cost estimating, 

final account predictions and whole-life costing to the list. Ashworth (2004: 403) also 

states that although financial forecasting is important one should also be aware of 

future changes to technology, policy-making, labour, etc. All of these factors will have 

an influence on the future cost of a project. 

 

The purpose of the forecast will be to determine the expenditure to date by making use 

of project cost data and adding to this the estimated cost to complete the remaining 

portion of work or scope not completed (Clark & Lorenzoni, 1985: 196). It is in this latter 

part of forecasting (estimating the value of the portion to complete) where the focus of 

the study lies. 
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4.4 Life-cycle costing 

 

Zhang, Novick, Hadavi & Krizek (2008: 25) indicated that designed life of a structure 

ultimately has an effect on the cost of such a structure. Flanagan and Norman (1983: 

2) and Sterner (2000: 387) indicate that life-cycle costing is associated with an asset 

and extends the cost management information beyond the acquisition of the asset to 

the use and disposal of the asset. Asset acquisition consists of the design phase and 

the construction phase. Generally, cost elements are segregated into these phases 

because design costs are often recovered over more than one asset (Sterner, 2000: 

387; Life Cycle Costing, 2008a). The design and development of a new aeroplane is 

amortised over the production. The design of a housing project is recovered through 

sales of the houses built (Life cycle cost analysis, 2008c: online). 

 

A life-cycle approach, that is an approach that takes explicit account of the life-cycle 

costs of assets, is essential to decision-making in four main ways (Flanagan, Kendell, 

Norman & Robinson, 2001: 53; Flanagan & Norman, 1983: 2): 

 

• It identifies the total cost commitment undertaken in the acquisition of any 

asset, rather than merely concentrating on the initial capital costs (Lewis & 

Spencer, 2007: OWN.03.4). 

• It facilitates an effective choice between alternative methods of achieving a 

stated objective. For example, choosing between two machines to perform a 

particular production process. It takes full account of the probability that the 

various options are likely to exhibit somewhat different patterns of capital 

and running costs, and provides a set of techniques for expressing those 

costs in consistent and comparable terms. 

• A life-cycle approach is a management tool that details the current operating 

costs such as machinery, individual construction elements or complete 

construction systems. 

• Life-cycle costing also identifies those areas in which operating costs might 

be reduced, either by a change in operating procedures or changing the 

relevant system. 

Life-cycle costing techniques can be applied in any area of economic decision-making 

(Mearig, Coffee & Morgan, 1999: 2); but they are particularly relevant to the proper 

identification and evaluation of the costs of durable assets. As a result they are 

especially relevant in the construction industry (Flanagan & Norman, 1983: 2). Whether 
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complete structures or individual elements are considered, a decision is being made to 

acquire assets that are intended to last and to be used for a number of years (Flanagan 

& Jewell, 2005: 1; King, 2008: online). These assets will commit the owner not only to 

initial costs, but also to subsequent running costs, and also to periodic repair and 

replacement costs. Equally important, decisions made at the initial design stage 

invariably effect future running costs and the economic use of the structure or plant. 

More recent sources refer to whole-life appraisal (Flanagan & Jewell, 2005: 2; Life 

Cycle Costing, 2008b: online). 

 

5.0 PRICING 

 

Pricing can be described as the process by which the cost of a project is established.  It 

refers to a set of tools and techniques which can be used in the costing process. Some 

of these tools would include pricing strategies, sales and revenues, return on 

investment, return on sales and break-even analysis. 

 

 

 

 

 

 

The process of pricing is illustrated in Figure 2.3. The inputs will be the documents 

which will include items such as WBS (work breakdown structure) (Pickett & Elliott, 

2007: EST02.1), historical records (Melamed, Skokan, Zenkowich & Kocher, 2007: 

RISK.06.1), cost estimation and cost management system. The tools and techniques 

are the mechanisms applied to the inputs to produce the outputs and include pricing 

WBS 
Historical records 
Cost estimation 
Cost management 
system 

 

PRICING Project acquisition 
Business decision 
Lessons learned 

Pricing strategy 
Sales and revenues 
Return on investment 
Return on sales 
Break-even analysis 

Tools and techniques 

Inputs Outputs 

Figure 2.3: Analysis of the pricing process 

Source:      Singh, 2004: 2. 2 
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strategies, sales and revenues, return on investment (ROI), return on sales (ROS) and 

break-even analysis (Webb, 2003a:36; Peters, Timmerhaus & West, 2003: 328). 

 

Xu and Tiong (2001: 77) point out that normally the pricing strategy in construction will 

involve the cost plus mode where all direct and indirect costs are calculated and a fee 

or profit is added to this value. This can in a way be seen as the traditional pricing 

strategy. Xu and Tiong (2001: 77) mention front-end loading and back-end loading as 

earlier forms of cash-flow manipulation. In these strategies the price of work that is 

expected to happen earlier or later in the contract are raised or lowered and thus 

influence the cash-flow (Chen, 2007: PM.02.1). Claim loading can also occur when 

specific items have been identified as items that will form part of extras to the contract. 

The unit rates for the items are then increased with a net result of a higher total price 

for the same additional scope. 

 

5.1 Pricing scenarios 

 

Essentially there are two scenarios in pricing strategy which frequently occur (Van 

Niekerk, 2008: personal communication). Both Type I and Type II are specific 

situations but with different business objectives. Type I situation is to price the work in 

such a way that should the firm win the tender, it will be able to conduct the work in 

such a way that a reasonable profit is retained. Type II pricing procedure is similar to 

Type I but with the variable or irregular market conditions. The firm might be desperate 

for work to retain its valuable resources or it might try to enter a new market. 

 

5.2 Economic ratios and tools 

 

The expenditure for a business is normally easier to predict than the earnings. Some 

economic ratios exist to assist management in predicting the earnings of the business. 

As previously mentioned, they are ROI, ROS and break-even analysis. Some inputs or 

resources are necessary to make the business successful: 

 

• Natural resources: The material used to manufacture a product as well as 

the buildings and structures to assist in the production process can be 

referred to as natural resources. 

• Capital: The assets through which business are done or the cash that 

makes it happen is known as capital (Peters et al., 2003: 268). 
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• People: By many considered to be the most important asset of a business. 

The abilities of the people employed by the firm are vital to the success of 

the business. 

 

These inputs or resources provide the background to the economic ratios. All ratios 

must be taken in context and should be reviewed on a monthly basis to identify trends. 

The following ratios are commonly used. 

 

5.2.1 Return on investment (ROI) 

 

Return on investment is one of several approaches to building a financial business 

case (Webb, 2003a: 36). Management evaluates the investment potential by 

comparing the magnitude and timing of expected gains to the investment costs. This 

approach can be used to make “go/no-go” decisions on asset requirements or the 

implementation of programmes. 

 

Basically two types of return-on-investment calculations exist. Simple and complex 

return on investment calculations can be described as follows: 

 

Simple ROI 

ROI
(gains - investment)

investment cost
=

 

Simple ROI works well in situations where both the gains and the costs of the 

investment are easily known and where they clearly result from the action (Peters et 

al.,  2003: 328). The higher the ratio as calculated by the formula, the better the 

investment. The ratio in itself does not, however, give any indication of the scale of the 

investment or the magnitude of the returns or risks in the investment. 

 

Complex ROI (Dupont method) (Humphreys, 1991: 106). 

ROI =
average yearly profit during earning life

(original fixed investment + working capital) expressed as a percentage
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Other financial ratios are sometimes treated as ROI figures and include ratios such as 

return on capital, return on total assets, return on equity and return on net worth. All of 

these ratios have the single goal of expressing cumulative cash flow results of an 

investment over time (Humphreys, 1991: 106-109). 

 

5.2.2 Return on sales (ROS) 

 

Return on sales gives one an idea of the after tax profit to sales (Newnan, Eschenbach 

& Lavelle, 2004: 212). If a business is experiencing poor cash flow it could be because 

the markup or profit allowed is not enough to cover expenses. The return on sales 

(ROS) ratio can assist in pointing this out and allow management to adjust the profit 

margin. Should this figure drop over time it might give an indication that the firm might 

soon run into financial difficulties. 

ROS
net profit

sales
=

 

5.2.3 Break-even analysis 

 

Break-even analysis involves finding the level of sales necessary to operate a business 

on a break-even basis (Webb, 2003a: 36). Total costs will equal total revenue. In other 

words, profit will be nil (Paek, 2000: 40). The following are typical terms used in 

performing a break-even analysis (Paek, 2000: 40): 

 

• Selling price (SP): This is the price that each unit will be selling for and is 

expressed as cost per unit. 

• Variable costs (VC): These are costs that vary in proportion to sales levels.  

It can include direct material and labour (Eldenburg & Wolcott, 2005: 41), 

the variable part of manufacturing overheads and transportation. VC is 

usually expressed as a cost per unit (Paek, 2000: 40). 

• Contribution margin (CM): The difference between the selling price and the 

variable cost is referred to as the contribution margin. 

• Fixed costs (FC): These costs remain fixed irrespective of the number of 

sales (Eldenburg & Wolcott, 2005: 41). These are generally costs such as 

overhead administrative costs, cost of interest and depreciation, etc. The 

fixed costs are generally expressed as a lump sum. 
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• Units (X): Units refer to the number of items produced or sold. For the 

purpose of break-even analysis the number of items produced is considered 

to be equal to the number of items sold during the same period. 

 

Paek (2000: 40) states that each project is like a custom item that is built to serve a 

special need, so that there are many decisions to be made before deciding whether to 

bid. Examples can be, for instance, what labour force will be available for the project, or 

whether the company will be able to keep up with their current workload should they 

acquire the new project. 

 

Break-even points are not rigid or static. They change with every decision made by 

management. The break-even volume changes when the margins are raised or 

lowered and when the efficiency of the operation rises or falls. It changes when there is 

purchasing or selling of equipment and it changes every time there is an alteration in 

the overhead spending. It can be considered that the break-even point is only of 

academic interest and that companies are interested in the profit path (Nottestad & 

Macklin, 2007: 142-143) above the break-even point and how it is affected by those 

factors that are controllable. Figure 2.4 indicates a typical break-even point with “cost” 

at the lower end of the graph and “revenue” at the top end. 

 

The formula for break-even analysis can be noted as follows: 

 

SP(X) = VC(X) + FC 

 

or 

 

X = FC / (SP – VC) 

 

Since much data gathered in solving a problem represent projections of future 

consequences, there may be considerable uncertainty regarding the data’s accuracy 

(Newnan et al., 2004: 285). Since the desired result of the analysis is decision-making, 

an appropriate question to ask would be: To what extent do variations in the data affect 

my decision? When small variations in a particular estimate would change selection of 

the alternative, the decision is said to be sensitive to the estimate. To better evaluate 

the impact of any particular estimate, the variation to a particular estimate that would 

be necessary to change a particular decision, is computed. This is referred to as 

sensitivity analysis (Flanagan et al., 2001: 57; Newnan et al., 2004: 285). 
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5.2.4 Earned value 

 

Prentice (2004: 2) describes earned value as follows: 

 

“The periodic, consistent measurement of work performed in terms of 

the budget planned for that work. In criteria terminology, earned value 

is the budgeted cost of work performed. It is compared to the 

budgeted cost of work scheduled (planned) to obtain schedule 

performance, and it is compared to the actual cost of work performed 

to obtain cost performance.” 

 

The concept of earned value has been around for more than 40 years. Webb (2003b: 

3) indicates that it has been used on some projects with great success, but it has not 

been used extensively throughout all projects. The main reasons why earned value 

was not used is that it was too complicated and too costly. These reasons, amongst 

others, prevented extensive use of earned value outside the USA for the first 30 years 

(Stratton, 2007: EVM.04.1). 
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Figure 2.4: Typical break-even distribution  

Source:      Paek, 2000: 41 
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Earned value is a basic concept that goes back to industrial engineering and 

accounting procedures well before project management was a recognised discipline on 

projects (Webb, 2003b: 3). Prior to the introduction of earned value techniques, 

managers were relying on Gantt charts and Critical Path Analysis for scheduling 

aspects. The difference between planned costs and actual expenditure was reported to 

get an indication of the financial progress on the project. Organisations were 

embarrassed by high cost overruns on some projects. These overruns could not have 

been predicted until it was too late. Studies and investigations brought forward a fairly 

simple concept (Owen, 2007: EVM.01.1). According to Kuehn (2007: EVM.05.1), a 

detailed plan and a detailed valuation should be made of the scope of work before the 

project is started. Notes should be made against each reporting point of the following: 

 

• How much value should have been achieved according to the plan? 

• How much value has been created according to the work done? 

• How much money has actually been spent? 

 

These three values are illustrated in Figure 2.5. Webb (2003b: 18-24) defines some 

earned value terminology by means of an example. Refer to Figure 2.6 for more detail. 

Webb describes a project with an estimated cost of £80m, with a four year duration. 

After two years the cumulative cost is planned to be £40m. The actual status after two 

years derived from project accounts accumulates to £30m. Does this mean that the 

project is actually doing well having spent less than planned after two years or does it 

mean that the project is behind schedule? 

 

To establish the situation an assessment needs to be made as to what actually has 

been accomplished after two years. If the updated programme indicates a 56% 

completion status, which is represented by the bracket in Figure 2.6, it will mean that 

the project has a current earned value of £45m against an actual spend of £30m. 
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Webb (2003b: 22-24) explains a few common terms frequently used in earned value 

analysis: 

 

• Budgeted cost for work scheduled (BCWS): – This is the sum of all the 

planned costs in the project, or any given part of the project, up to the 

reporting date (refer to the £40m sum in Figure 2.6). 

• Budgeted cost for work performed (BCWP): This is the cost of all the 

progress achieved on the project, up to the reporting date. In the example it 

refers to the £45m value. 

• Actual cost of work performed (ACWP): The total of all expenditure on the 

project up to the reporting date. This refers to the £30m value in the 

example. 

• Cost variance (CV) = BCWP – ACWP: The numerical difference between 

the earned value and the actual cost at the reporting date. 

Actual spend 

Planned value 

Value generated 

C
O

S
T

 

TIME These three quantities are the basis of all earned 
value performance measurements 

Figure 2.5: Adding the value generated as time passes gives a greater insight 

into the project than simply the planned actual values 

Source: Webb, 2003b: 2 
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• Schedule variance (SV) = BCWP – BCWS: The numerical difference 

between the earned value and the planned expenditure at the reporting 

point. 

 

If the CV or SV is positive, the project is doing better than planned. Figures 2.7 and 2.8 

indicate a cost and schedule variance using an earned value of £25m, which is 

different than that of the example, but now it depicts a negative situation instead of a 

positive situation. Determination of schedule slippage can be noted in Figure 2.8. 

 

5.2.4.1 Earned value calculations 

 

Webb (2003b: 24-25) describes two useful indexes in basic earned value calculations. 

They are: 

 

Cost Performance Index: (CPI) (Cost efficiency) – The ratio of the value created to the 

amount spent at a point in time on the project. 

CPI
BCWP

ACWP
=

 

Schedule Performance Index (SPI) (Schedule efficiency) – The ratio of the earned 

value created to the amount of value planned to be created at a point in time on the 

project. 

SPI
BCWP

BCWS
=

 

Index values greater than one indicate performance either in cost or schedule terms 

that is better than planned. The CPI is perhaps the more useful of the two. It shows the 

real worth that is being created by the project. A CPI value of 0,85 indicates that for 

every monetary unit spent on the project, only 85% of that is being created on the basis 

of the original budget.  
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Figure 2.6: Earned value assessment for a project that is running ahead of 

schedule 

Source: Webb, 2003: 23 
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Webb (2003b: 25) states that history has proven that once a trend has been 

established, it tends to remain in force until the end of the project. If it does change, it 

normally changes for the worse. Two formulae can be derived for estimating both the 

expected cost at completion and the expected completion date on the assumption that 

the trends seen up to the reporting point continue until the end of the project. 

 

Estimated Cost at Completion (EAC) – The estimated final cost of the project, 

calculated as follows: 

EAC = ACWP
BAC - BCWP

CPI
+

 

Where: BAC is the Budgeted Cost at Completion. 

 

Report date 
Planned value 

Actual cost 

Earned value 

Year 1 Year 2 Year 3 Year 4 Time 

Cumulative expenditure 

Planned cost at completion £80m 

Planned spend 

Schedule variance 

Cost variance 

-£5m -£15m 

At the end of year two: 
Planned (BCWS) £40m / Spent (ACWP) £30m / Earned (BCWP) £25m 

Figure 2.7: Cost and schedule variances  

Source:           Webb, 2003: 24 
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Historical data indicates that in the USA the EAC forecasting method tends to be 

optimistic. It depends on the same level of cost efficiency to continue to project 

completion, but this rarely happens. For the overall duration of the project the formula 

also consists of two parts - the time elapsed up to the reporting date plus the estimated 

additional time to complete the project assuming the trends seen to date continue. 

ETTC = ATE
OD - (ATE x SPI)

SPI
+

 

Where: BAC is the Budgeted Cost at Completion. 

  ATE is the Actual Time Expended 

   OD is the Original Duration 

 

 

 

 

 

 

 

The calculations using these expressions are shown graphically in Figure 2.9. 

Report date 
Planned value 

Actual cost 

Earned value 

Year 1 Year 2 Year 3 Year 4 Time 

Cumulative expenditure 

Planned cost at completion £80m 

Planned spend 

-£5m -£15m 

At the end of year two: 
Planned (BCWS) £40m / Spent (ACWP) £30m / Earned (BCWP) £25m 

Figure 2.8: Schedule slippage can be established from the earned value and the 

planned S-curve 

Source:     Webb, 2003: 25 
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5.3 Conclusion 

 

A project is acquired based on the application of financial analysis of the scope and the 

work breakdown structure (WBS) on preliminary information (Humphreys, 1991: 471). 

A decision on a business proposition is based on techniques (financial ratios) being 

applied to information (Newnan et al., 2004: 285). It is of significance to note the 

process of pricing and to document the results of all tenders as “lessons learned”. More 

information on the use of historical data will follow. 

 

6.0 MATERIALS 

 

Materials are a key resource in almost any economic endeavour. Materials range from 

the simplest of raw materials to the most complex fabricated materials, with a large 

range in between (Barlow, 2006: 10). In most projects, materials are a key element. 

There are isolated instances where no material will be used for certain portions or 

elements of a project, but in most cases the use of material will apply. Materials must 

be procured at the right time and at the right cost in proper amounts in order to lead to 

an efficient production process (Dobler et al., 1990: 35). 

 

Most materials compete on a number of characteristics including cost, availability, 

service life, weight, corrosion/wear resistance, workability, weldability and other ease-

of-fabrication criteria. As the well-known phrase in the engineering community goes: 

“… there are no bad materials, only bad applications of materials…” (Barlow, 2006: 

10). Strong performance of a material in a specific application may not guarantee 

similar performance in another application. 

 

Opfer (2004: 3.1) comments that the automotive industry is a good example of 

continued competition among materials due to various factors such as weight with its 

attendant impact on fuel economy. Steel has been replaced in numerous applications 

in motorcars by high performance plastics and aluminum. In the beginning targets were 

non-structural elements such as interior panels and trim items. These non-structural 

applications have through further engineering migrated into structural components such 

as body parts and engine parts. Applications which traditionally made use of steel 

might still be using steel although the modern material will be a high strength low-alloy 

steel. 
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6.1 Material handling 

 

Material handling is a requirement of the production process. Inefficiencies in this area 

create plant wide problems. Poor materials handling can result in either damage to 

materials or the finished product (Thomas et al., 2005: 810). An ineffective material 

Figure 2.9: Calculating the end conditions from the BCWS, BCWP, ACWP, CPI 

and SPI 

Source:     Webb, 2003: 27 

Time 

Cumulative expenditure £m 

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 

Report date 

Planned cost at completion £80m BAC 

Planned spend 

Planned value 

Actual cost 

Earned value 

OD - ATE 
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                             OD – (ATE x SPI) 
ETTC = ATE +  
                                      SPI 
 
                              4 – (2 x 0,625) 
                  2 +                                       = 6,4 yrs 
                                  0,625 
 

  
                               BAC – BCWP 
EAC = ACWP +  
                                      CPI 
 
                              80 – 25 
                  30 +                                  = £96m 
                                0,833 
 



Chapter 2                                                                                    Cost Control Philosophy 
______________________________________________________________________ 

 48 

handling system can slow production down, creating other excessive costs due to 

delays. 

 

Barlow (2006: 12) describes how early planning can make a difference, as well as the 

value of realising the importance of material identification in the early stages of the 

project to minimise lead times. He continues by stating that “… time is the enemy of 

flexibility in most projects”. Figure 2.10 indicates the importance of early planning and 

also shows the trend in cost increase when changes to material specification are made 

at a later stage in the project. 

 

 

 

 

 

 

6.1.1 Material handling principles 

 

The handling of materials in construction differs depending on the location or the type 

of plant to be built (Thomas et al., 2005: 810). The basic principles, however, remain 

the same. They include: 

Figure 2.10: There are decreasing cost control opportunities and an increase in 

cost as the project progresses 

Source:        Barlow, 2006:12  
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• Material movement should be over the shortest possible distance. 

• Terminal time should be as short as possible. 

• Eliminate manual material handling when mechanised methods are 

available. 

• All materials should be identifiable and retrievable. 

 

Mechanised material handling methods are most cost-effective in high-wage countries 

(Borowicz, 2007: 19). In a lesser developed country, the capital/labour trade-off given 

low wages will tend to emphasise manual methods rather than equipment-intensive 

operations. Meyer (1997: 72) and Eloff (2009: 13) pointed out that traditionally the 

circumstances in South Africa are no different. Bauer (2010 – Business Day, 15 July) 

and Mapenzauswa (2010: Mail & Guardian, 3 June) reiterate the extent of low wages in 

South Africa and that manual labour are more popular here than for instance in Europe, 

because of cheaper labour. Scott (2005: 4-7) refers to studies being undertaken to 

compare the cost of manual labour versus non-manual labour in South Africa. 

 

6.1.2 Materials handling decision factors 

 

Navon and Berkovich (2005: 1329) highlight the four basic decision factors affecting 

material handling: 

 

• Material to be handled. 

• Production system type. 

• Facility type. 

• Material handling system costs. 

 

The second and third decision factor, as mentioned above, have more effect on a 

factory-type environment. These factors can more accurately be substituted by the type 

of plant to be constructed when considering the construction industry. 

 

Material handling system costs and their economic feasibility will be dependent on 

labour costs in the capital/labour trade-off equation (Navon & Berkovich, 2006: 635). 

Predicted demand can assist in the economic and practical evaluation of alternatives. 
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6.2 Different material types 

 

In most production/construction projects, material types can be segregated into four 

basic categories (Opfer, 2004: 3.1): 

  

• Raw materials. 

• Bulk materials. 

• Fabricated materials. 

• Engineered or designed materials. 

 

Opfer (2004: 3.1) comments on the different types of materials. Raw material in 

construction refers to material in its most basic form and which require a minimum 

amount of processing to be useful. Examples of this type of material are sand, 

concrete, stone, etc. 

 

Bulk materials are materials such as timber and steel and are most common on a 

construction site. Most of this type of material is readily available and if standard sizes 

are ordered the lead time is minimal. 

 

Fabricated material is bulk material transformed into custom-fit items for a particular 

project. Steel pipe can, for example, be fabricated into a specific spool piece with 

specific dimensions to perform a certain function within a line. The same scenario can 

be sketched when considering structural steel members. Standard steel sections are 

cut and shaped to manufacture a specific member such as a column or beam with the 

relevant base plates, end plates, webs, ribs, etc. as per the structural requirement of 

the project. 

 

The manufacturing process for fabricated material has some significance in this 

instance since it has economic implications and will impact on the pricing/costing 

procedure for the project. Chemical and process plant construction relies in most cases 

on specialists to detail each individual structural member, piping spool piece, etc. 

These specialists will take the design drawings and break it down to individual defined 

pieces. Pieces or members will then be detailed on shop details which will be used in a 

manufacturing workshop to produce a work piece as detailed on the drawing. These 

individual pieces will then be transported to the construction site. By making use of the 
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design drawings, members will then be bolted or welded together in a continuous 

process to take the complete project to commissioning stage. 

 

Engineered or designed materials are those materials manufactured from different 

components to produce a piece of equipment such as an electrical distribution board, a 

centrifugal pump, an electrical motor, etc. In most cases these materials will be off-the-

shelf items as the engineering team will strive to rather use such items than special 

design items, thus shortening the lead time. Standardisation in the case of engineered 

items is therefore desirable as a value-added principle to bring down costs. Costs will 

be less if one makes use of standard items rather than special items because of the 

principle of bulk supply/manufacture. Because of shortened lead times consequential 

damages can also be limited as far as possible. 

 

6.3 Material purchase and management 

 

Purchasing can be defined as the acquisition of necessary material for the correct 

quality at the correct time for a competitive price, from a selected vendor or supplier 

(Opfer, 2004: 3.5). Sufficient stocks of material will prevent costly delays.  
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Figure 2.11: Price fluctuation on reinforcement steel in the Turkish construction industry 

during the period January 2000 to April 2003 

Source:        Polat and Arditi, 2005: 700 
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Figure 2.11 from the research conducted by Polat and Arditi (2005: 700) illustrates the 

price increase on reinforcement steel in the Turkish construction industry for the period 

January 2000 to November 2003.  

 

Polat and Arditi (2005: 700) extended their research by also investigating the use of 

reinforcing steel in the Turkish construction industry for the period 1997 to 2002. Figure 

2.12 depicts the results. 

 

 

 

 

 

A comparison of Figure 2.11 and Figure 2.12 shows that although there is a basic 

economic principle in that the higher the demand the more the price will increase, in 

construction this will not always be the case. The steady increase in the steel price can 

be noted in Figure 2.11, irrespective of the demand (Figure 2.12). 

 

6.3.1 Material management 

 

The typical stages of an Engineer/Procure/Construct (EPC) contract is described by 

Kini (1999: 30-34) as follows: 
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Figure 2.12: Demand fluctuation of reinforcing steel in the Turkish construction 

market for the period 1997 to 2002  

Source: Polat and Arditi, 2005: 700 
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• Planning – The project team should create and maintain a plan as to how 

they foresee the execution of the project. In doing this they engage into a 

psychological process of thinking about the activities required to create a 

desired goal on some scale. EPC projects are normally lump sum projects 

constructed on a turn-key basis which makes planning even more important. 

• Preliminary design – It will be necessary to do a preliminary design to 

compare different design possibilities and options to obtain a design 

philosophy from which the final design can take place. 

• Final design – Final or detailed design is the process where the complete 

project gets designed in the finest detail to allow the contractors to have 

specifications and drawings to execute the work on site. 

• Procurement – Procurement of the material and equipment that will be 

required to construct the plant. Particular emphasis is placed on long lead 

items which may impact on the planned end date. 

• Vendor control – Vendor selection, appointment and management is 

necessary to ensure that material and equipment is delivered on time. 

• Construction – In the construction phase the material and equipment that 

was procured must be re-worked to fabricate the designed details and these 

fabricated items must then be installed on site and connected so that all is in 

a functional state. 

• Close out – As material and equipment gets delivered to site and fabrication 

and installation take place, constant quality control ensures consistency in 

quality. As the different portions of the plant are finished, it will be 

commissioned to make sure all is as per the design. The final step in closing 

out of the project is to make sure that all final drawings, specification and 

design packs are delivered and checked against the actual installation. 

 

Material management is an important part of construction and if well conducted can 

have a significant effect on project costs. Kini (1999: 30) notes that 50% to 60% of 

project costs relate to the material/equipment. Implementing a proper material 

management system therefore makes sense. Navon and Berkovich (2006: 635) concur 

with these findings. Figure 2.13 illustrates the interaction of a typical supply chain for 

material for a construction project. 
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6.3.2 Material quality 

 

All material should be procured against a standard set of predetermined standards or 

specifications. Over-specifying material will lead to increased costs (Sterner, 2000: 

393). Higher specification in material is not necessarily always a good advantage to 

have, especially when considering the added cost to the project (Flanagan et al., 2001: 

53). 

 

Poor quality material, on the other hand, might lead to material failure or high levels of 

fatigue which will eventually lead to failure. This will obviously lead to additional 

expenses in replacing the material in question and will thus end in rework. This means 

Figure 2.13: Interaction diagram for a typical supply chain of construction 

materials 

Source:          Castro-Lacouture and Skibniewski, 2003: 795 
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that not only will the material have to be replaced, but there will also be additional 

labour costs and sundry overhead costs involved. 

 

6.3.3 Material traceability 

 

In some cases it is necessary for the raw material supplier to produce milling 

certifications to prove the quality of its raw material and that the material meets the 

standards that are required. Bulk materials might also be exposed to these 

requirements. The supplier of piping material, for instance, used to manufacture a 

certain spool piece might have to prove that its piping adheres to the set specification 

required (Barlow, 2006: 12). 

 

6.3.4 Vendor surveillance 

 

Vendor surveillance is especially important when dealing with fabricated and 

engineered materials. Quality control might indicate certain hold points during the 

manufacturing process of these types of materials and inspections (surveillance) will be 

required to ensure that the manufacturer meets the required standards and 

specifications (Lu & Anson, 2004: 218). 

 

6.3.5 Material quantity 

 

Acquisition of materials on any project may pose some logistical and practical problems 

for the company employed to construct the plant. Material quantity will have to be a 

well-balanced act to optimise costs in this regard. Under-ordering of materials will lead 

to stoppages in construction which will be costly (Barlow, 2006: 11); especially if the 

crews at hand have to accelerate to catch-up to the agreed programme. Ordering too 

little of a certain material will also have the effect that the discount from the supplier 

might be less due to the smaller order. Over-ordering will have the effect that storage 

might become problematic, not only because of space requirements but also because 

of added costs to the project (Miltenburg & Pong, 2007: 1643). 

 

Some financial losses may be recuperated on resale of excess material but in most 

cases this material will be considered to be “second-hand” and will not reach the same 

price as the initial purchase price, thus resulting in a loss. The loss of interest will add 

to the total financial loss on material. Some materials, cement for example, can only be 

stored for a limited period of time. If this type of material is used beyond the acceptable 
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selling date it will have a negative effect on the quality of the end product (Kumar, 

Nottestad & Macklin, 2007: 143). 

 

7.0 LABOUR 

 

Each task is directly connected to a certain effort by certain employees to complete this 

task (Perry, 2006: 402). When conducting an estimate, management must know how 

long certain tasks will take to complete and what the cost implications will be to pay for 

the labour to accomplish a task (Whiteside, 2006: EST.08.3). The monitoring of 

progress and a good understanding of the cost factors will therefore be essential to 

controlling costs (Stenzel & Stenzel. 2003: 37-38). 

 

7.1 Labour classification 

 

There are basically three classifications of labour contributing to the final labour content 

of a project (Borowicz, 2007: 19): 

 

• Direct labour: The labour directly involved in building or producing a certain 

product or installation. 

• Indirect labour: This form of labour includes activities which will not become 

part of the final installation but is required to complete the project as a 

whole. 

• Overhead labour: Labour that cannot be charged or identified with a specific 

piece of work and must therefore be allocated on some arbitrary basis, or be 

handled as a business expense irrespective of the quantity of work. 

 

The role assigned to certain classifications of labour might alternate from project to 

project. On smaller projects it might not be feasible to appoint specific administrative 

personnel. These tasks will then be handled from head office. Larger projects might 

look at dealing with these tasks on site. These costs will then form part of the site 

establishment and might be treated as indirect labour rather than overhead labour. 

 

A boom in construction also requires more labour to construct new projects. Ziguras 

(2006: 204) refers to the situation in Australia. Anonymous (2008a: 4) and Palmer and 

Hughes (2008: 3-4) refer to the labour and skills shortage in the United Kingdom. 

Anonymous (2006a: Business Week, 27 March 2006) also refers to the shortages of 

labour in China and how this is influencing the wage rates there. 
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7.2 The cost of human resources 

 

The focus of this study is more directed to direct costs than indirect costs, but it is 

nevertheless necessary to understand the importance of indirect costs and the effect it 

might have on the cost philosophy in general. More and more human resource 

management activities are evaluated in economic terms (Ahn & McLean, 2006: 262). In 

the current climate of rising personnel costs and rising costs for energy and raw 

materials, estimates of expected costs and benefits are expected (Buchner, 2007: 60). 

 

7.2.1 Human resource accounting 

 

The inauguration of an efficient human resource accounting system will be the first step 

in developing a sophisticated measurement system that will enable the firm to report 

accurate estimates on the worth of the human assets of the organisation (Carmeli & 

Weisberg, 2006: 191). 

 

7.2.2 Value to the organisation 

 

Gilbreath and Montesino (2006: 565) indicate that one alternative to measure the 

historical cost of an employee is to measure the cost of replacing that employee 

(Shafritz, 1992: 23). In professional sports, the value of an athlete’s services is often 

determined by how much money a particular team, acting in an open market, is willing 

to pay for his or her services. The same can be said of employees competing for work 

in the open market (Gilbreath & Montesino, 2006: 567).  

 

Advocates of human resource accounting make a strong and compelling case for the 

need of measurement of replacement cost and employee turnover cost (Innes, Kouhy 

& Vedd, 2001: 17). Cascio (1982: 6-7) points out that these measurements tend to 

ignore the fact that monetary values cannot always be attached to the information that 

is collected. Perhaps the most significant limitation is that these measurements only 

measure inputs and not effectiveness. 

 

7.2.3 Costing employee behaviour 

 

The general idea of costing human resources is not a new one. A classic article by 

Brogden and Taylor (1950: 133) addressed the potential for developing on-the-job 

performance criteria expressed in dollars. They noted: 
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“The criterion should measure the contribution of the individual to the 

overall efficiency of the organization. It centers on the quantity, quality 

and cost of the finished product. Such factors as skill are latent – their 

effect is realized in the end product.” 

 

The contribution each employee makes is not related to the size of the firm’s 

investment in an employee, but is directly related to how each person works and what 

is produced (Cascio, 1982: 6-7). 

 

7.3 Development of labour rates 

 

Basic wages constitute the portion of the labour rate which will go directly to the 

employee. Base wages are usually reported on a time basis and will be expressed in 

hour, week or month. Craft labour is normally expressed per hour whereas supervisory 

labour is expressed per week/month (Borowicz, 2007: 19). 

 

The extent to which overtime will be worked on a project depends on the programme or 

time frame in which the project must be completed. The extent to which overtime is 

worked will influence the labour cost for the project. The increased cost in labour for 

working overtime is offset against the earlier completion of the project. 

 

The calculation of indirect labour cost can be done by making use of primarily two 

methods – direct estimate and historical data (Pickett & Elliott, 2007: EST.02.2). The 

direct method lists the resources needed to complete the project. Each of these 

resources is then priced out to determine the total cost. Alternatively, historical cost 

data can be used and by doing this the estimator can base his costing on previous 

completed projects (Pickett & Elliott, 2007: EST.02.2). 

 

7.4 Estimating hours to complete a task 

 

Each task constitutes a certain labour input to take the task to completion. According to 

Thomas (2006: 36), a time study can be applied to establish the duration of each task.  

Thomas (2006: 36) also refers to the methodology of these time studies and Finlay, 

Norman, Stolberg, Weaver and Keane (2006: 233) comment on modern methods of 

keeping time for tasks completed. Ampt, Westbrook, Creswick and Mallock (2007: 18-

24) use time studies to establish the labour content of a task.  
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Depending on the level of information available, the estimator can group the quantities 

in the appropriate work packages and working with the planners start to develop the 

work package sequence. By making use of databases (Pickett & Elliott, 2007: 

EST.02.2), the estimator can then apply a time factor to the work packages and also 

add the overall staffing content.  

 

7.4.1 Work break-down structure (WBS) 

 

The importance of Work Break-Down Structure (WBS) is emphasised by Hewitt (2006: 

EST23.1) and Zhao (2006: RISK05.1). Labour estimates are based on material 

quantities and will therefore only come into play at a more advanced stage of the 

project. The first step is to break the project down into meaningful packages (work 

break-down structure) (Humphreys, 1991: 471). 

 

Determining the hours it will take to construct a certain portion of work can be done by 

consulting a database where time durations are captured. These databases are based 

on actual historical projects and should be kept up to date on a regular basis (Pickett & 

Elliott, 2007: EST02.1). Alternatively, time-cost studies can be used. This method is 

based on the observation of a team of workers working on a specific piece of the 

construction (Ampt et al., 2007: 18-24). The time spent to complete the work gets 

recorded and priced. 

 

7.4.2 Cost to support the worker 

 

As previously mentioned there are also indirect and overhead costs which need to be 

taken into account since direct labour alone will not complete the project. The pricing 

methodology of these costs has been discussed previously by Borowicz (2007: 19). 

The most important aspect here is to make allowance for these costs and to include it 

in the estimated final cost irrespective whether a percentage method or a detailed 

calculation is followed. 

 

7.4.3 Factors affecting productivity 

 

Carrell, Kuzmits and Elbert (1989: 74) define productivity as follows: 

 

“Productivity is the ratio of some measurable unit of output to some 

unit of input. Productivity is therefore a measure of efficiency, or the 



Chapter 2                                                                                    Cost Control Philosophy 
______________________________________________________________________ 

 60 

amount of work that the employees accomplish during each working 

day.” 

 

Whiteside (2006: EST.08.1) demonstrates that in a perfect world, perfect productivity 

(1.0) would be accomplished in a 40-hour work week, with everyone taking all their 

holidays and vacation days as planned. All of the engineering drawings would be 100% 

complete, there would be no delays of any kind, everyone would work safely, 

everything would fit perfectly the first time, the weather would be perfect and there 

would be no litigation at the end of the project. 

 

Whiteside (2006: EST.08.3) also describes the effect of labour legislation on 

productivity and how jurisdictional rules have an impact on productivity. Figure 2.14 

shows a productivity graph of a specific craft mix performing a specific task, but taking 

more time due to the effect of labour law preventing the same craft to perform more 

tasks. 
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Figure 2.14: Productivity index versus hours per week 
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How much work can be completed in a specific time frame? This is a frequently asked 

question when costing the labour content of a project. Optimising the labour efficiency 

is one of the biggest challenges for management to make labour more cost-effective 

(Boyle, 2007: CDR.02.1). 

 

In America, for instance, the “Houston-Gulf Coast Indices” are used in the 

petrochemical industry. These indices provide the estimator with a base time to 

complete a specific task. Adjustments for variables will then be needed to improve the 

indices according to the specific project specifications/conditions. 

 

When pricing the labour cost of the project the estimator should look into the following 

since these factors will influence the price for labour (Fayek & Oduba, 2005: 939). 

 

• Is sufficient skilled/unskilled labour available in the area? 

• If the site is remote, will labour have to be transported to and from work? 

• Weather conditions? 

• Public holidays? 

• Living quarters or living out allowances? 

• Will overtime be required and to what extent? 

• Political situation of the area in which the project will be constructed? 

 

Boyle (2007: CDR.02.1) continues to describe some design factors and management 

factors that will also influence productivity. He points out, for instance, that vertical 

construction is more complex than horizontal construction. The effect of disruption of 

work on productivity is also discussed. 

 

On repetitive tasks, in particular, the learning curve for labour increases as each task 

gets finalised. As the crew gets more and more involved in a certain task they become 

more efficient working together with familiar tools, or in many cases special tools for 

specific tasks. 

 

Thomas, Riley and Messner (2005: 811) indicate (as per Figure 2.15) the daily 

productivity curve of a specific construction team with the different factors affecting this 

team’s productivity. 
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A similar illustration of how productivity fluctuates during the course of a construction 

project can be seen in Figure 2.16 where Whiteside (2006: EST.08.4) plotted a 

resource loaded productivity curve. Ewing and Thompson (2007: 356) also comment 

on the measurement of productivity over the time span on a project. 

 

 

Figure 2.15: Productivity of a construction team with the different factors affecting 

their productivity 

Source:        Thomas, et al. 2005: 811 
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7.5 Performance monitoring 

 

Coetsee (2002: 7) describes the concept of performance as follows: 

 

“Performance is the realizing of goals, agreed upon or set by the 

individual for himself and meeting its own expectations or those of 

other people, such as managers or colleagues, to whom a product is 

delivered or to whom a service is rendered.” 

 

Work output and the costing thereof are addressed in activity-based cost (ABC) 

methodology (Anonymous, 2008e: online). This system has been developed to assist 

in organising, analysing and setting-up labour monitoring systems. Activity-based 
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costing is mainly done by making use of a work break-down structure (Grandlich, 2004: 

online; Katz, 2002: online). The labour estimate is usually the basis for project 

performance monitoring. 

 

The comparison of actual work hours expended, versus the estimated work hours and 

the development of a relationship between milestone goals, is a key tool in determining 

how much of the project is completed (Pickett & Elliott, 2007: EST.02.2). How much of 

the project has been expended to get to the current point and if there are any 

problems, what has to be worked on to overcome these problems? Most importantly, 

how will this affect the completion date and final costing? 

 

As previously stated in this chapter, different indicators exist to indicate the 

performance of the project, such as the two provided below. Although these indicators 

can be used to track a complete project’s progress, they can also be used to track 

portions of work. 

 

CPI (cost performance indicator) = hours earned/hours expended (Patiro, 2007: online; 

Reh, 2008: online; Weber & Thomas, 2005: Paper presented by the Ivara Corporation).  

 

and 

 

SPI (schedule performance indicator) = hours earned/hours planned (Lipke, 2005: 

Unpublished paper presented by Lipke; Lipke & Henderson, 2006: 5). 

 

In any event, if the value obtained in the above formulas is “one” or more than “one” it 

means that the project is on or ahead of cost and/or schedule (Humphreys, 1991: 501). 

A value below “one” will mean that this portion of work will need some attention to 

make it perform better. It is, however, important to note that should the critical path be 

behind schedule and all the other indicators are above “one”, the project will still be in 

trouble and will finish late (Anonymous, 2008g: online). 

 

Earlier in this chapter the summarised explanation of work sampling was mentioned. 

Work sampling entails the monitoring of time spent on a certain activity (Finlay et al., 

2006: 232). By making use of the unit cost per employee, work sample can be priced to 

determine the labour cost for the activity. These time studies and costs will then form 

part of a database to be used on future estimates. Frequent studying of the same type 
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of activity will lead to improved data which in turn will lead to improved estimates 

(Pickett & Elliott, 2007: EST02.2). 

 

8.0 ENGINEERING AND DESIGN 

 

Flemming and Koppelman (2009: 24) defined engineering as follows: 

“Engineering is the discipline, art, skill and profession of acquiring 

and applying scientific, mathematical, economic, social, and 

practical knowledge, in order to design and build structures, 

machines, devices, systems, materials and processes.” 

The success of a project is to a large extent dependent Houston-Gulf Coast Indices  on 

the engineering done in the design of the project. Improved engineering is continuously 

required to be more competitive, especially in an increasing global market. 

Globalisation, according to Lucena (2006: 322), has caused trade barriers to fall away 

and adequate engineering is not enough anymore (Becker, 2006: 262). Engineering 

has to be such that it can compete internationally (Lucena, 2006: 322). 

 

The new trend (or at least for the past couple of years) is to outsource the engineering 

effort to more experienced companies on a global playing field (Becker, 2006: 262). In 

the case of large firms with global offices the engineering can be kept within the 

boundaries of the firm’s own experience, but the increasing level of technology and 

engineering involved in the construction of petrochemical plants necessitate the 

involvement of specialised firms (Lucena, 2006: 322). 

 

8.1 Engineering and design of new processes and projects 

 

The design of new processes and projects may take years to complete depending on 

the level of engineering required and the technology used. New technology requires 

more research and development, thus resulting in extended time frames. Anonymous 

(2007a: 30) refers for instance to the Pebble Bed nuclear power technology currently 

taking shape in South Africa. According to Anonymous (2007b: 545), Ireland is also 

investigating this technology. 

 

 

 



Chapter 2                                                                                    Cost Control Philosophy 
______________________________________________________________________ 

 66 

8.1.1 Pure and applied research 

 

In the petrochemical industry constant research is required to develop new or improved 

products. The results of such research will eventually lead to either alteration to 

existing plants to produce the improved products or the construction of new plants to 

introduce the new product in the market place. New products, improved products or 

more economic methods to put a specific product in the market, all have financial 

benefits to the developer. It is therefore a constant goal of the researcher to strive 

towards perfection in these fields. 

 

Pure research is mostly undertaken by universities and institutes and does not produce 

a particular end product. It is therefore not applied with the aim to design a specific 

product but rather an investigation into the interaction between different chemicals, for 

instance. 

 

8.1.2 Life cycles 

 

The life cycle of a project will have significant influences on various aspects of the 

design of the project (Humphreys, 1991: 125; Sterner, 2000: 387; Life Cycle Costing, 

2008a). Methodology and material are but two factors that will be involved in the 

extension of the life cycle of a project. Different parts of plants will also have different 

life spans (Flanagan & Norman, 1983: 12). The civil infrastructure, for instance, will 

have a far greater life span than some of the mechanical equipment. 

 

The life cycle of a plant should be predetermined and incorporated in the design of the 

plant (Ashworth, 2004: 350). If the product of the plant will be obsolete in five years it 

will not make sense to construct a plant that has a life span of 30 years. The prediction 

of market conditions and the forecasting of market reactions to new products is a 

difficult process and in many cases go hand-in-hand with risk (Figure 2.17 and Figure 

2.18). Newnan et al., (2004: 37) indicate that the time to consider all life cycle effects, 

and make design changes, is during the needs and conceptual/preliminary design 

phases. 

 

A good example of market reaction to a product is the reaction from the public and 

concerned environmental groups to the proposed development of nuclear power plants 

in South Africa (Anonymous, 2007a: 13; Anonymous, 2007c: 141; Reina, 2006: 18). 

Many believe that these plants’ advantages (Wicks, 2007: 37-38) will far exceed any 
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disadvantages (Anonymous, 2007d: 13; Tuffs, 2008: 13), but the resistance from 

society should be reduced to prevent future complications when funds might have been 

expended which might result in losses. A similar situation is currently being played out 

in the bio-fuels field in South Africa (Anonymous, 2006b: online; Anonymous, 2008c: 

online; Anonymous, 2008d: online; Creamer, 2008: online). 

 

 

 

 

 

 

 

8.1.3 Computer aided design (CAD) 

 

The engineering and design of plants is to a large degree dependent on computer 

aided design (CAD) or computer aided engineering (CAE) (Pratt, Anderson & Ranger, 

2005: 1251). The inclusion of computers in the design of plants is, however, not a new 

trend and has been used for many years now (Karshenas, 2007: IT.06.1). New and 

improved software is constantly available in the market. This new software enables the 
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Figure 2.17: Cumulative life cycle costs committed and dollars spent 

Source:        Newnan et al., 2004: 37 
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designer/engineer to improve his design and in most cases do it in less time which is 

always favourable (Pratt et al., 2005: 1252).  

 

As previously mentioned, the globalisation of the construction industry and engineering 

is an increasingly popular method to construct plants (Becker, 2006: 262). The use of 

computers and computer aided design packages makes globalisation much easier 

(Anonymous, 2008b: 4). Electronic correspondence and interaction via the Internet 

makes distance between offices a minor inconvenience rather than a major obstacle 

(Shah, Jeon, Urban, Bliznakov & Rogers, 1996: 348). 
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Figure 2.18: Life cycle design change cost and ease of change 

Source:        Newnan et al., 2004: 37 
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8.1.4 Prototype plants 

 

Prototype plants or pilot plants are generally constructed in the event of new 

technology that needs to be tested before being put into action as a full-blown 

production plant (Voronin & Prokhorov, 1993). Prototype plants are expensive to build, 

but are cost-effective in the long run as savings are indirectly instigated in the 

construction of the production plants (Anonymous, 2008f: online). A prototype plant is 

generally a simulation of parts of the complete process or it can be a full small-scale 

plant built to function and operate as the production plant. Prototypes can either be 

actual small plants or computer simulations (Revkin, 2005: New York Times, 7 

December 2005). 

 

8.2 Project and process design 

 

Peters et al., (2003: 72) indicate that often in the process creation step, after 

elimination of the less profitable processes, several entirely different flow sheets for the 

manufacture of the same product can still be used. These processes must be 

compared in order to select the one that is best suited for the existing conditions. The 

availability and cost of several factors will lead to the best process being selected. 

These factors include the following: 

 

• Technical factors. 

• Raw materials. 

• Waste products and by-products. 

• Equipment. 

• Plant location. 

• Time factor. 

• Process consideration. 

 

The design team should never lose sight of the practical limitations involved in a 

design. It may be possible to determine an exact pipe diameter for an optimum 

economic design, but it does not imply that this exact size must be used in the final 

design. If the optimum diameter is something other than a stock size, it will in most 

cases be impractical to have this pipe purpose made and it will likely cost more. 
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The basis of an optimum economic design will be that, should there be two or more 

methods obtaining exactly equivalent final results, the preferred method is the one 

involving the least total cost. One typical example of an optimum economic design lies 

in determining the pipe diameter to use when pumping a given amount of fluid from one 

point to another. The same final result can be accomplished by using an infinite 

number of different pipe diameters. The pipe to be used should be the one leading to 

the least total cost. The total cost will be represented by the total of the cost for 

pumping and the cost to install the piping system. A graphical representation showing 

the meaning of an optimum piping design can be seen in Figure 2.19. 

 

 

 

 

 

 

 

Payne (2007: CDR.03.1) refers to the implications of poor design documentation and 

how this may lead to claims from contractors. 

 

8.2.1 Standardisation 

 

Standardisation is an attempt to base designs, as a whole or in part, on similar designs. 

By doing this the availability of material, expertise, labour skills, etc. become more 

readily available, thus making the process more cost-effective. The inclusion of existing 

and tested technology into a new process or plant will also reduce the costs further in 

the sense that these portions of the plant will not have to be re-designed. 

Pipe diameter 

Figure 2.19: Optimum economic pipe diameter for a constant mass-throughput 

rate 

Source:        Peters et al., 2003: 9 
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A good example might be found in the inclusion of diesel engines to drive pumps, 

compressors, etc. on a given plant. The output of one type of engine can, for instance, 

be changed by adding turbo chargers to the engines as to normally aspirated engines 

and by doing so altering the horse power output of the engine. Engine displacement 

can be varied by changing the stroke and holding the cylinder bore constant. In this 

example one type of engine is used in various functions on a particular plant. The 

advantage for plant maintenance is that engine parts will be similar on these engines 

resulting in a more simplistic maintenance programme, making it more cost-effective. 

The previously mentioned learning curve of labour craft (maintenance teams in this 

case) will also be improved by this procedure. 

 

8.2.2 Process selection 

 

Although process selection is not crucial to the costing of a project it will influence 

design which will ultimately influence the construction cost of the project. Process 

selection is normally driven by factors such as reliability, safety, environmental impact 

and economics. External factors such as current/future markets for products produced 

by the plant also plays a role, but will surface in the feasibility study (Peters et al., 2003: 

72). 

 

8.2.3 Manufacturability 

 

Design must not only focus on product design, but also on manufacturing the design. 

Manufacturability refers more to factory-based product manufacturing rather than 

project construction. 

 

8.2.4 Constructability 

 

Constructability, on the other hand, refers to the construction of a project (Anders & 

Lars, 2007: 113). The design may look good on paper and may work well in a 

simulation, but the practical construction of the design might pose problems. Opfer 

(2004: 5.4) describes constructability as the optimum use of construction knowledge 

and experience in planning, design, procurement, and field operations to achieve 

overall project objectives. 
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9.0 SUMMARY 

 

Advances over the past two decades in the level of understanding of chemical 

principles and process plant design, combined with the availability of new techniques 

and computer-based tools, have led to an increased degree of sophistication that now 

can be applied to the design of chemical and bio-chemical processes. 

 

In order to construct feasible plants, it is essential to understand the total cost control 

philosophy surrounding the construction of these plants. The development of a new 

process or plant from concept evaluation to profitable reality often is a very complex 

operation. Understanding the basis of the cost implications will enable the student of 

the economic principles surrounding plant feasibility and profit analysis, to grasp the 

importance of the relevant influences on these factors. 

 

Muscianesi (2003: 2), Lukas (2006: EST.03.1) and Harbuck (2007: EST.16.1) indicate 

that at the beginning of a project, cost is the first concern. The estimator is selling his 

project price to his management (Postula, 2004: 1.1). In many cases, after this sale, 

costs drop to a much lower position on the project priority list. Other project 

commodities such as schedule (Aslaksen & Vigerust, 2007: RISK.02.1), safety (Tuffs, 

2008: 13), constructability (Lam et al., 2007: 36), etc. then take precedence.  

 

Scott (2006: New York Times, 16 June) indicates that in a highly competitive bidding 

market, and especially in an economic construction recession, project pricing is forced 

down by market conditions (Hill, 2006: 347). This and the current tendency of larger 

employers in South Africa to award contracts on a “lump sum” basis, shifts the 

importance of cost from the employer to the contractor (Van Niekerk, 2008: personal 

communication). This makes it even more important to understand cost and why it is 

important to control costs on any project (Patterson, 2006: IT.05.1; Lucas, 2007: 

OWN.05.1). Profit forecasting (DiMonica, 2006: 10) begins at project level (Tague & 

Morrison, 2007: 12).  

 

Cost is the value of an activity or an asset (Azhar et al., n.d.: 1). Generally this value is 

determined by the cost of the resources that are expended to complete the activity or 

produce the asset. Resources utilised are categorised as material, labour, plant and 

indirect costs. Money and time are often considered to be resources but they only 

implement and/or constrain the use of the physical resources (Postula, 2004: 1.1). 
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To determine the cost of a plant or the proposed profitability of the plant, it will require 

getting involved in pricing the project. Pricing can be described as the process by which 

the cost of a project is established. It refers to a set of tools and techniques which can 

be used in the costing process. Some of these tools would include pricing strategies, 

sales and revenues, return on investment, return on sales and break-even analysis. 

 

Material purchases form an approximate total of 60% to 80% of the total plant value – 

depending on the type of plant. It is therefore important to emphasise control over 

material. Materials are a key resource in almost any economic endeavour. Materials 

range from the simplest of raw materials to the most complex fabricated materials with 

a large range in between (Barlow, 2006: 10). In most projects, materials are a key 

element. There are isolated instances where no material will be used for certain 

portions or elements of a project, but in most cases the use of material will apply. 

Materials must be procured at the right time and at the right cost in proper amounts in 

order to lead to an efficient production process (Dobler  et al., 1990: 35). 

 

Current labour law and legislation, together with the human factor surrounding project 

execution, force the project team to consider the consequences of labour and human 

resource management. More and more human resource management activities are 

evaluated in economic terms (Ahn & McLean, 2006: 262). In the current climate of 

rising personnel costs, as well as rising costs for energy and raw materials, estimates 

of expected costs and benefits are expected (Buchner, 2007: 60). 

 

Before the effect of material and labour can take effect on the total project cost, the 

project must be designed. The success of a project is to a large extent dependent on 

the engineering done in the design of the project. Improved engineering is continuously 

required to be more competitive, especially in an increasing global market. 

Globalisation, according to Lucena (2006: 322), has caused trade barriers to fall away 

and adequate engineering is no longer enough anymore, (Becker, 2006: 262). 

Engineering has to be such that it can compete internationally (Lucena, 2006: 322). 

 

Taking a step backwards and looking at the complete scope of cost control philosophy 

one should realise that the very beginning of cost control starts with an estimate of 

some sort. All the aspects, as mentioned in this chapter, have to some extent an 

influence on the outcome of the estimate. 
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Estimating is the key to a successfully conceived, managed and completed project. 

Estimating is not limited to construction alone, but rather is a function common to a 

broad spectrum of projects whereby one desires to manage cost and time (Humphreys, 

1991: 363). Understanding the accuracy limitations of the estimate and its potential 

variation is important for the user. Although the final test as to the validity of the 

estimate can come only when the complete plant has been put into operation, it is 

possible to make remarkably accurate estimates even before the final process design 

gives detailed specifications (Peters et al., 2003: 6-7). 

 

The basic essentials of cost estimating (Williams, 1996: 10), as well as the 

methodology of cost estimating (Brook, 2007: 66; Humphreys, 1991: 367), beg 

important answers which can lead a project to be a success or failure. For cost control 

to be effective and to have a good basis for financial reviews, it is very important to 

have accurate cost estimates. The following chapter will look into the general aspects 

surrounding cost estimating and will describe the importance of this tool to 

management. 
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CHAPTER 3 

 

ESTIMATING IN CONSTRUCTION 
 

1.0 INTRODUCTION 

 

One of the most important tools of control during the course of a project is the cost 

estimate. All the elements that were discussed in the previous chapter surrounding cost 

control philosophy will become cost drivers in the cost estimate, whether it is a 

conceptual estimate or a detailed estimate. 

 

Scope definition or project identification remains one of the most important factors in 

completing a project within budget and on schedule. Without a proper scope write-up, 

the estimator will not be able to clearly identify what needs to be included in the 

estimate and what not. Sharma and Lutchman (2006: EST.16.1) and Brook (2007: 91) 

suggest that as a project progresses through the various stages of the project cycle, 

cost estimation occurs as the project scope is “defined, modified and refined”. As the 

scope becomes clearer the cost estimation process becomes more finite and the range 

of estimation becomes tighter. It is in the implementation phase that specific scope 

definition gains greater importance in the cost estimation and scheduling process. 

 

With scope definition comes several added advantages; in other words the clearly 

defined scope also adds value to the total construction process. Schedule time is 

brought down to a minimum because uncertainties are eliminated from the start. 

Rework is either removed from the construction cost, or at least minimised, so as not to 

cause unnecessary delays and further costs (Ciccarelli, 2004: CDR.11.02). Love and Li 

(2000: 480) point out that rework does not always constitute work that has to be redone 

due to poor workmanship. It can also be work that has to be redone due to changes, 

errors, omissions and quality failures. Abdul-Rathman, Thompson and Whyte (1996: 

50) describe rework as the costliest of all mistakes. 

 

When the scope is defined it can be categorised into a work breakdown structure 

(WBS). A work breakdown structure is a tree-like structure that permits summing of 

subordinate costs for tasks, materials, etc. into their successively higher “parent” tasks, 

materials, etc. (Gordon, 2008). For each element of the work breakdown structure, a 

description of the task to be performed is generated. A work breakdown structure 
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requires formal change control. This is another reason why a work breakdown structure 

should be outcome-orientated and not prescriptive of methods. 

 

Scope definition is, as mentioned, the most important factor of estimate accuracy and 

the work breakdown structure can be useful in improving the estimate even further as 

well as in assisting in planning the project and auctioning important milestones. The 

cost estimate can be a useful tool throughout the project. Accuracy of the estimate is 

therefore important. Humphreys (1991: 368 - 369) stresses that different types of 

estimates have different levels of accuracy, depending on the purpose of the estimate. 

There are, however, external factors that may impede the accuracy of the estimate. 

Should these factors not be properly managed, it might lead to misconceptions later on 

during the lifespan of the project (Zastrozny, 1974: 16). The estimate purpose is, 

however, important and will also determine the type of estimate to use. 

 

Uppal (2007: EST.03) refers to estimating as the key to successfully completing any 

project from conception through detailed engineering, construction and successful 

start-up. He warns, however, that estimating is an approximation procedure that 

provides answers with significantly less than 100 percent probability of being correct or 

even close. As previously mentioned in this chapter Uppal (2007: EST.03) also 

stresses the importance of scope definition before any estimate can begin. 

 

The engineering construction sector employs different types of estimating models that 

provide improved answers and are industry specific. Dysert (2004: 9.4) points out that 

two main types of estimates are used in the engineering field and more specifically in 

the petrochemical industry. These are “conceptual” and “deterministic” estimating 

methodologies. 

 

Conceptual estimating methods require a significant effort in data gathering and 

methods development before estimating preparation even begins. There is a significant 

effort in historical cost analysis to develop accurate factors and estimating algorithms to 

support conceptual estimating. Preparing the conceptual estimate itself takes relatively 

little time (Muscianesi, 2003: 2). 

 

In contrast, a deterministic estimate (detailed estimate) requires much effort during the 

preparation of the estimate (Kwak & Watson, 2005: 1430). The evaluation and 

qualification of the project scope can take a significant amount of time (Sharma & 

Lutchman, 2006: 16.1). Research and application of accurate pricing information and 
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application of specific estimating judgements to the quantified scope can also add to 

this time-consuming process. 

 

Different types of estimates should, however, be grouped together to enable the 

estimator and the rest of the team to announce their purpose of any given type of 

estimate. In other words the estimator should know, by classifying the estimate, to what 

degree of accuracy the estimate will have to be and also on what type of information 

the estimate will be based upon. Estimate classification is such a tool. 

 

Liu and Zhu (2007: 93) and Aslaksen and Vigerust (2007: RISK.02.2) state that formal 

estimate classifications have been developed to establish a series of “gates” to allow 

the project team to better manage the estimate process. According to Molenaar (2005: 

343), cost estimates should transparently convey the true nature of uncertainty 

involved in the project at each stage of the process. Estimating procedures must model 

both the technical and non-technical nature of the challenges in quantifying capital 

costs early in the project’s life cycle. 

 

The type of estimate determines the clarification thereof, or vice versa. The estimate 

type is based on the level of detail that the estimator has at his disposal. Depending on 

the level of available information, the estimator will have to add allowances to the 

estimate for known and even unknown items, based on experience. Allowances are 

often included in an estimate to account for the predictable but indefinable costs 

associated with project scope. A way to include these allowances is by adding a 

contingency amount to the estimate total (Burroughs & Juntima, 2004: EST.03.1). Such 

a contingency is required because estimating is not an exact science. 

 

The estimator’s experience has much to do with the allowances that will be added to 

the estimate (Dysert, 2004: 9.27). The estimate accuracy is therefore dependent (at 

least to some extent) on the accuracy of the calculation of the allowances. As 

expected, estimate accuracy tends to improve (i.e. the range of probable values 

narrows) as the level of project definition improves. Part of improving the estimate 

accuracy will also be to ensure that the estimate is representative of the complete 

scope of work. This is mostly done by the estimator in conjunction with management 

and is known as the estimate review. 

 

The estimate is a prediction of the expected final cost of a proposed project. By its very 

nature, an estimate is associated with uncertainty and is therefore also associated with 
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the probability of overrunning or under-running of the predicted cost (Dysert, 2004: 

9.27). Leo and Knotowicz (2005: EST.05.1) point out that many companies do not 

necessarily rely on in-house estimating practices or services. Businesses’ estimates 

are generated by a variety of sources. Some are done by centralised in-house 

estimating groups, others by groups at a business’ international site, or by an array of 

contractors. Furthermore, estimates are generated in a variety of formats with a great 

degree of variability with regards to detail and clarity (Sonmez, 2005: EST.07.1).  

 

The need for standardised estimating requirements to put a review process in place 

has long been realised. By doing so the project team can review the project 

deliverables and estimated costs before the project is approved for execution. 

Estimates are checked to make sure that they are complete, accurate and generally 

ready to use as a project controls baseline. 

 

2.0 REQUIREMENTS FOR AND AIDS TO ESTIMATING 

 

2.1 Scope definition or project identification 

 

Song and AbouRizk (2005: 362) loosely describe project scope as the quantities of 

construction items within each labour discipline that can be easily measured, such as 

volume of earth hauled (Son, Mattila & Myers, 2005: 303), concrete poured or the 

length of pipe installed. This definition is improved upon by Sharma and Lutchman 

(2006: EST.16.1). Humphreys (1991: 367) also engages in defining scope. These 

authors’ findings are noted in this chapter. 

 

Scope definition or project identification remains one of the most important factors in 

completing a project within budget and on schedule (Song & AbouRizk, 2005: 361). 

This is due to the fact that the project scope definition is the reference point for 

developing estimates and schedules, coordinating teamwork, applying control 

strategies and evaluating engineering performance. Zastrozny (1974: 3), Love (2002: 

138) and Love, Mandal, Smith and Li (2000: 567) stress these points and refer to the 

importance of scope definition in general. Sharma and Lutchman (2006: EST.16.1) and 

Alani and Khosrowshahi (2007: 36) refer to the current competitive global environment 

and point out that the challenge for project leadership is to deliver projects on schedule 

and within budget. Love and Li (2000: 479) and Sharma and Lutchman (2006: 

EST.16.1) state that properly planned and phased developmental projects generally 
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reduce problems associated with project execution and interface connections during 

expansion of an operating facility or additions to an existing operating facility. 

 

On the other hand, when older facilities are upgraded to facilitate new technologies, or 

expanded to take advantage of market opportunities, poor planning and a poorly 

defined work scope can make the task of the project team almost impossible 

(Coleman, 2006). Moreover, a poorly defined scope and scope changes during project 

execution can result in significant budget cost overruns, delayed schedules (Hollmann, 

2007b: 8), poor work morale, more conflict between procurement contractors (EPC) 

and owners, and more incidents. 

 

Sharma and Lutchman (2006: EST.16.1) define project scope definition as follows: 

 

 “Project scope definition is that stage of the project where risks 

associated with the project are analysed, early designs are 

formulated, critical decisions are made and the specific project 

execution approach is defined.” 

 

Humphreys (1991: 367) defines scope of work as follows: 

 

 “Total work to be accomplished and administrative requirements 

associated with a contract as described within the contract 

documents, which may include the general conditions, special 

conditions, specifications, drawings and addenda.” 

 

Sharma and Lutchman (2006: EST.16.1) and Brook (2007: 91) also suggest that as a 

project progresses through the various stages of the project cycle, cost estimation 

occurs as the project scope is “defined, modified and refined.” As the scope becomes 

clearer the cost estimation process becomes more finite and the range of estimation 

becomes tighter. It is in the implementation phase that specific scope definition takes 

greater importance in the cost estimation and scheduling process (McCuen, 2008: 

BIM.01.6). Properly defining the scope of the project and maintaining a strong 

resistance to what might be considered scope creep (additional work not originally 

defined in the scope), helps in maintaining schedule delivery within budget. Snedaker 

(2006) has similar views on the negative impact of scope creep. 
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Phua and Rowlinson (2004: 48) state that in project management scope definition 

includes equipment and material to be provided as well as work to be done and is 

documented by the contract parameters for a project to be completed by a service 

provider. Sharma and Lutchman (2006: EST.16.1) argue that in its simplified form, 

scope definition refers to accurately defining the boundaries of the project, defining the 

resources to complete the work, ensuring all stakeholders are properly informed and 

have agreed on the task to complete and risks are identified and analysed, and 

mitigating actions defined. Advantages of scope definition can be summarised as 

follows: 

 

• With properly defined scopes, there is a higher labour productivity during 

the implementation or execution of the scoped tasks (Whiteside, 2006: 

EST.08.3). 

• Scope definition allows for clearly defined and planned-for interface 

requirement thereby facilitating easier execution. 

• A properly defined scope generates cost savings from material 

management, interface management and a reduction of production losses 

for tie-ins on live facilities (Anonymous, 2008j and McCuen, 2008: 

BIM.01.6). 

• Properly conducted scope definition with stakeholder involvement results in 

reduced instances of overlooked obstacles during the execution stage (Al-

Duaij, Awida  & Kollarayam, 2007: 24). 

• There are fewer incidents and accidents during the execution stage of the 

project. There exists ample proof of poor planning leading to incidents in 

construction. Rashbaum, (2008a: New York Times, 24 September 2008), 

Rashbaum, (2008b: New York Times, 19 September 2008), Rashbaum, 

(2008c: New York Times, 16 September 2008), O’Connor, (2008: New York 

Times, 12 September 2008) and Lee, (2008: New York Times, 12 

September 2008) all elaborate on incidents on construction sites in recent 

history that occurred only in New York. 

• Conflicts are reduced and significantly less time is spent amongst 

stakeholders resolving discrepancies. 

 

Scope definition is arguably the single most important cost driver that influences the 

ability to forecast project cost (Sharma & Lutchman, 2006: EST.16.1). When the scope 

is being defined, the aim is to better the engineering, cost forecasting in work 
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packages and management of change, quality and timing of information. Sharma and 

Lutchman (2006: EST.16.1) state that project scope evolves across the various stages 

of the project cycle. During the implementation and control phase of the project cycle, 

the level of scope definition is most useful in assisting the project team in managing 

both cost and schedule. Figure 3.1 illustrates the project cycle. 

 

The scope statement is the document basis for making project decisions. This is 

important to have a common understanding of a project amongst the team members. 

The scope statement can be revised or refined as the project evolves (Song & 

AbouRizk, 2005: 362). The scope write-up generally comprises or refers to the 

following components: 

 

• Project justification: The project justification encapsulates the business 

need for undertaking the project while providing a basis for future trade-offs. 

• Project product: This section summarises the product description which is a 

compilation of characteristics of product or service to be created upon 

completion of the project. 

• Project deliverables: Project deliverables refer to a list of finished products 

to be delivered by the service provider (contractor) upon full implementation 

and execution of the project. 

• Project objectives: The project objectives define quantifiable criteria that 

must be met for the project to be considered successfully completed. 

 

Table 3.1 shows stakeholders classified into two categories. Parties involved in scope 

definition can either be internally or externally involved. Involvement of both groups is 

essential to effective scope definition. Interfacing between these parties is essential – 

especially when designing a green field project. The uninformed observer might think 

that it will be unnecessary to involve all parties stated in Table 3.1. Concerns are raised 

when all parties are involved that the project will not be finished in time and that it might 

lead to cost loading. 

 

Sharma and Lutchman (2006: EST.16.3) advise that when all parties are included in 

the project team (particularly during the project definition), an agreed-to project 

execution plan is developed that should minimise the potential for changes being 

introduced during detailed engineering and construction. Further advantages include 

continuation of the team raising productivity, reduction of potential scope changes and 



Chapter 3                                                                                 Estimating in Construction 
______________________________________________________________________ 

 82 

associated negative externalities during the implementation and control stage of the 

cycle (Berg & Hinze, 2005: 830). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ultimately, a clearly defined scope with joint internal and external stakeholder 

involvement, aligned interpretation of scope and a common vision among all 

stakeholders creates opportunities for project implementation and execution that 

minimises stakeholder value and avoids costly budget overruns and project delays 

(Shi, Cheung & Arditi, 2001: 63). 
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exists 
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Figure 3.1: The simplified project cycle 

Source:      Sharma and Lutchman, 2006: EST.16.2 
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Project scope management should also be considered as key in controlling changes on 

the project. Song and AbouRizk (2005: 360) indicate that scope management is critical 

to the success of the project. They summarise the scope management process in the 

following key words: involving, initiation, scope planning, scope definition, scope 

verification, and scope change control. 

 

2.2 Scope factors contributing to cost overruns and delayed schedules 

 

Poor scope definition has led to significant cost overruns on many projects in the past 

(Hanvey, 2008; Anonymous, 2008i). While in no way exhaustive, common causes 

identified where scope definition is involved as precursors for cost overruns and 

schedule delays include the following: 

 

• Grey areas up to interpretation by service providers (contractors). 

• Incomplete scope definition of overlooked elements of the scope. 

• The need for rework. 

• Concurrent work and risk management. 

• Poor interface definition and preparation. 

• Scope expansion and scope changes. 

 

 Internal to the organisation External to the organisation 

Leaders 
 

End users 
 

Support services (maintenance and 
accounting, etc.) 

 
Planner and business analysts 

 
Project management team 

 
Engineering team and disciplines 

 
Loss management and safety advisors 

 
 

 
 

Engineering and procurement 
contractors 

 
Suppliers 

 
Consumers 

 
Special interest and lobby groups 

 
Regulatory bodies 

 
 

Table 3.1: Classification of stakeholders 

Source:     Sharma and Lutchman, 2006: EST.16.3 
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2.2.1 Grey areas up to interpretation by service providers 

 

Generally, activities that are small in value and repetitive in nature lend themselves 

easily to poor scope definition (Bowen, Pearl, Cattell, Hunter & Kelly, 2007: 59). Often 

the project team decides that it is not worth incurring engineering hours on defining the 

scope of such small activities, leaving it up to interpretation by the service providers. 

Sharma and Lutchman (2006: EST.16.4) explain this phenomena by means of a 

project to increase oil and gas operations which went wrong due to poor scope 

definition. The running of electrical cables was limited to generic wording such as “run 

cables from substation to pump motors in tray baskets”. Lack of details surrounding the 

cable route and cable tray usage left scope interpretation open to the contractor to 

maximise returns from this project. The unintended consequence of such omission is a 

loading of small cost to the project which over time, if undetected, can result in 

significant cost overruns. 

 

2.2.2 Incomplete scope definition of overlooked elements of the scope 

 

Incidents of incomplete scope definition are very common when end users are not 

consulted or involved in defining the scope of the project. End user involvement should 

begin very early in the project cycle. End users continually identify opportunities for 

upgrades and repairs in an existing facility that can be easily executed during project 

expansion work (Vianna & Teles, 2008: EST.11.1). 

 

Another factor that can fall within this category occurs when owners attempt to fast 

track a project. Fast tracking a project can save a great deal of time and money when 

implemented judiciously (Sappe, 2007: 21). On the other hand, it can be akin to a blank 

cheque to contractors when the scope is not properly defined; which normally is the 

case in fast track contracting. A typical example is when drawings, which have not 

undergone all reviews, are provided to vendors for pricing purposes. This approach can 

expedite the procurement process; however, changes during the review process 

almost always lead to changes in scope. This will invariably lead to cost increases 

during the construction phase. 

 

2.2.3 The need for rework 

 

Love and Smith (2003: 147-148) define rework as: 
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“…the process by which an item is made to conform to the original 

requirement by completion or correction.” 

 

They also comment on the definition of rework as provided by The Australian 

Construction Industry Development Agency (CIDA). CIDA define rework as: 

 

“…doing something at least one extra time due to non-conformance to 

requirements.” 

 

Ashford (1992: 12) also includes repairs as a form of rework. He defines a repair as 

follows: 

 

“…the process of restoring a nonconforming characteristic to an 

acceptable condition even though the item may still not conform to the 

original requirement.” 

 

Love and Li (2000: 480) point out that rework does not always constitute work that has 

to be redone due to poor workmanship. It can also be work that has to be redone due 

to changes, errors, omissions and quality failures. The Building Research 

Establishment (BRE) in the United Kingdom found that 50% of all errors in construction 

had their origin in the design stage and 40% in the construction stage (Love & Smith, 

2003: 147-148). The BRE concluded that the biggest culprits in rework in design were 

the lack of coordination of design and unclear or missing documentation. Love and 

Smith (2003: 148) suggest that, based on research conducted by Cnudde, a rework 

factor of up to 10% of the contract value can be experienced on projects with poor 

quality control.  

 

Love and Smith (2003: 148) reported that a major Australian construction company had 

experienced rework costs of 5% of the contract value in one project that were 

attributable to poor documentation by the design team; furthermore, the subcontractor 

in question experienced a 31% cost increase. Love and Smith (2003: 149) also proved 

through their research that the cost to rectify a poor quality product or service can be 

more than eight times the original cost. Costs due to rework in a specific sector of the 

Swedish construction industry ranged from 2,2% to 9,0% of the contract value. Of this 

50% originated from site and 32% was due to the client or design inconsistencies. 

Love, Smith and Li (1999: 638) point out that in the Australian context “… it is 

suggested that most organisations have learnt to accept it as part of their operations, 
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inasmuch as they have not realised its true extent or its influence on their own and a 

project’s performance.” 

 

Anonymous (2006c) describes rework as the costliest of all field mistakes. Love and 

Sohall (2003: 330) comment on the capturing of rework costs. When scope is poorly 

defined, it is not uncommon for the completed product to be unable to fulfil the goal it 

was initially intended for. In such cases, rework is required after the final product is 

tested and found unsuitable for addressing the concerns or opportunities initially 

identified. Love (2002: 139) states that the outcome of rework is always unintended 

expenditures and costly delays.  Rework can also result from damage incurred after the 

project is completed and before it has been energised (Love et al., 2000: 568).  In most 

cases this form of rework results in minor costs.  

 

Sharma and Lutchman (2006: EST.16.5) illustrate, by means of an example, a typical 

poor engineering design that resulted in rework. A sub-project of electronic data 

collection in an industrial environment by means of hand held computers resulted in 

rework. The idea to use hand held computers was not communicated in the scope 

write-up before the project started. The project team failed to consider the physical size 

of these computers and the impact it would have on the operators during the conduct of 

their duties, such as climbing cat ladders at elevated heights at -25°C while wearing 

protective gloves. Poor data collection resulted in a costly hardware change to ensure 

that the correct data was collected. 

 

Efforts to reduce failures in construction projects by studying their causes have led to a 

meaningful reduction in occurrences (Love & Josephson, 2004: 70). The same authors 

point out that the main causes of rework in construction can be attributed to human 

error. Love & Josephson (2004: 70) state that a plethora of human errors have been 

reported in the popular press. The Swedish newspaper, Göteborgs-Posten, for 

example reported on the error that resulted in a section of the Chalmers Tunnel not 

following the correct profile. The error occurred in the data input phase of the design of 

the tunnel. Love and Josephson (2004: 70) suggest that errors can essentially be 

avoided by eliminating the root causes using techniques embedded in the philosophy 

of total quality management, e.g. root cause analysis and failure mode effect analysis. 

 

Figure 3.2 illustrates the chain of events from the cause of the error to the corrective 

measure. The causes of errors are often difficult to determine because there can be 

several apparent causes for the same erroneous action. Identifying the root cause of 
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an error and altering this cause will have the effect that the recurrence of the error can 

be prevented. Figure 3.3 demonstrates the tracing of apparent and root causes of 

errors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Love and Edwards (2004: 261) indicate by means of Figure 3.4 the determinants of 

rework. 
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Figure 3.2: Chain of events model 

Source:      Love and Josephson, 2004: 71 
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2.2.4 Concurrent work and risk management 

 

Snedaker (2006) points out that changes to the scope can either be managed or 

unmanaged. The amount of unplanned concurrent work to be undertaken during the 

implementation stage, not included in the scope definition, holds significant implications 

for the project cost and schedule delivery. This is particularly important for expansion of 

live facilities where continuous operation is occurring on the same site on which 

construction activities are taking place. Unplanned and unmitigated risks from 

overhead lifting, for instance, may result in increasing cost and schedule delays 

(Bradshaw & Gruber, 2007: PM.09.4).  

 

PROJECT CHARACTERISTICS 

• Procurement method 
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• Gross floor area 
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• Contract value 
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MANAGEMENT PRACTICES 
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practices 
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• Governance 
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• Project scope 
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• Communication 
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• Design team satisfaction 
• Contractor’s satisfaction 
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Figure 3.4: Conceptual model of rework determinants 

Source: Love and Edwards, 2004: 261 
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Aslaksen and Vigerust (2007: RISK.02.2) researched the Ormen Lange Project in 

Sweden. They found that there are six steps in the risk management process, which 

can be described as follows: 

 

• Preparation for risk management 

• Identify risks 

• Evaluate risks 

• Develop action plans 

• Respond to risks 

• Risk communication 

 

Figure 3.5 illustrates the process of risk management. Aslaksen and Vigerust (2007: 

RISK.02.2) elaborate on the mitigation of risk in construction and describe the 

procedure used in the Ormen Lange Project. A risk register is maintained. When 

performing cost risk analysis (CRA) or schedule risk analysis (SRA), the risk register is 

evaluated according to each area. Relevant risks from the register are either used as a 

basis for maximum or minimum values or incorporated as separate events/activities in 

the analysis. 

 

Lofton and Coppo (2007: RISK.05.1) stated that proper risk analysis should identify the 

following: 

 

• Cost risk: An additional value to a quantity or cost uncertainty or an event 

which will occur with a certain probability, and which will have a certain cost 

and/or schedule impact if it occurs. 

• Schedule risk: An activity with uncertainty. An additional cost or time to 

oblige for the mitigating actions has to be agreed on. 

 

More information will follow in this study regarding risk management in construction. 

 

2.2.5 Poor interface definition and preparation 

 

The scope of work should be clearly defined especially where there are interfaces 

between different disciplines or different systems (Anonymous, 2008i). Scope definition 

should also address the risks and mitigation plans for live and new systems during 

interface management and preparation. A typical example of interface management 
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between disciplines occurs when defining boundaries for instrumentation and 

communication cables (Motlong, 2008: Financial Mail – 12 September) that reside 

within the scope definition of electrical work. Sharma and Lutchman (2006: EST.16.5) 

refer to another example of poor scope planning whereby a cogeneration facility was to 

be integrated with a commercial steady state oil and gas operation, which resulted in 

several unplanned shut downs and unnecessary costs. 

 

 

2.2.6 Scope expansion and scope changes 

 

Anonymous (2008k) comments that major scope expansions or changes do impact the 

project because they are normally identified by the project controls team and are 

filtered out for proper sequencing and actions. Small scope changes and expansions 

are often referred to as scope creep. These changes are within the project team’s 

capabilities to execute, but can result in a significant cost increase (Al-Duaij, Awida & 

Kollarayam, 2007: 23). 

 

 

Project risk management is divided into the following sub-processes: 
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Figure 3.5  Risk management process 

Source: Aslaksen and Vigerust, 2007: RISK.02.2 
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Barlow (2006:12) reports (as mentioned in Chapter 2) that the cost implications of 

material specification change increase dramatically as the project progresses. Early 

changes are therefore much cheaper. Sullivan (2008) expands this philosophy and 

illustrates this chain of thinking in total scope change. The earlier a change to the 

scope is made in the life of the project, the less effect it will have on the schedule. 

Figure 3.6 sketches a graphic explanation of this statement. 

 

 

Sullivan (2008) proposes creative strategies to deal with change without incurring 

unnecessary delays and additional costs. Polaski and Horman (2005: 1276) point out 

that these strategies are similar to value engineering whereby the parties involved 

scrutinise the design and look for items that can be deleted or modified to make the 

project more cost-effective (Shengping & Tiong, 2004: INT.08.1). Figure 3.7 illustrates 

this process. 

 

3.0 WORK BREAKDOWN STRUCTURE 

 

Phillips (2005) probably offers the best definition of what a work breakdown structure 

is. He states: 

 

 

Figure 3.6  Effect of scope change on the project schedule 

Source: Sullivan, 2008 
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“A work breakdown structure (WBS) is a deliverables-orientated 

decomposition of the project. It is not the activities needed to create 

the project deliverables; it is the outcome that the activities create.” 

 

 

A work breakdown structure is a tree-like structure that permits summing of 

subordinate costs for tasks, materials, etc. into their successively higher “parent” tasks, 

materials, etc. (Gordon, 2008). For each element of the work breakdown structure, a 

description of the task to be performed is generated. A work breakdown structure is 

organised around the primary products of the project, (Biffi, 2008). As previously stated 

this means that the work breakdown structure is organised around the planned 

outcomes rather than planned actions (Kauffmann, Keating & Considine, 2002: 13). 

 

These tasks or “work packages” are described by Humphreys (1991: 471) as follows: 

 

“A work package is a well-defined scope of work that terminates in a 

deliverable product(s) or completion of a service. Each package may 

vary in size, but each must be a measurable and controllable unit of 

work to be performed.” 

 

Value Engineering to 
identify cost-saving 
items 

Open-book estimate to 
estimate costs 

Owner/contractor agree 
on which cost-saving 
items to implement 

Formalise agreement in 
writing 

$ saved is used 

to fund change order 

Desired 
change 
order 

Figure 3.7  Basic process of creative thinking in change order management 

Source: Sullivan, 2008 
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3.1 History of the work breakdown structure 

 

The concept of the work breakdown structure developed with the Program Evaluation 

and Review Technique (PERT) in the United States Department of Defence 

(Anonymous, 2008l). PERT was introduced in the United States of America’s Navy in 

1957 to support the development of the Polaris missile program. By June 1962 the 

United States of America’s Department of Defence, NASA and the aerospace industry 

published a guidance document for the PERT cost system which included an 

extensive description of the work breakdown approach. In 1968 the Department of 

Defence issued Work Breakdown Structures for Defence Material Items (MIL-STD-

881), a military standard mandating the use of work breakdown structures across the 

Department of Defence. This document has been revised several times, most recently 

in 2005. 

 

In 1987 the Project Management Institute (PMI) documented the expansion of these 

techniques across non-defence organisations (Anonymous, 2008m). The Project 

Management Body of Knowledge (PMBOK) Guide provides an overview of the WBS 

concept, while the Practice Standard for Work Breakdown Structures is comparable to 

the Department of Defence Handbook, but is intended for more general use. 

 

3.2 Planned outcomes, not planned actions 

 

Billows (2008a) indicates that the work breakdown structure should include 100% of 

the work defined by the project scope and should capture all deliverables – internal, 

external, interim – in terms of the work to be completed, including project 

management. This “rule” is referred to as the “100% rule” and is one of the most 

important principles in guiding the development, decomposition and evaluation of the 

work breakdown structure (Anonymous, 2008l). The rule applies at all levels within the 

hierarchy: the sum of the work at “child” level must equal 100% of the work at “parent” 

level and the work breakdown structure should not include any work that falls outside 

the actual scope of the project.  

 

Should the work breakdown structure designer attempt to capture any action-

orientated details, he will likely include either too many actions or too few (Billows, 

2008b). This will have the effect that the complete “parent” scope will not be 

addressed. Figure 3.8 shows an example of a typical simplified work breakdown 

structure for an aircraft system. 
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3.3 Common pitfalls and misconceptions 

 

Anonymous (2008l) notes that a work breakdown structure is not an exhaustive list of 

work. Instead it is a comprehensive classification of project scope. It is also not a 

project plan or a project schedule and it is not a chronological listing. According to 

Mathis (2008) and Gordon (2008), it is considered to be poor practice to construct a 

project schedule before designing a proper work breakdown structure. The work 

breakdown structure is not an organisational hierarchy and it should not shadow the 

organisational chart. 

 

A work breakdown structure requires formal change control. This is another reason 

why a work breakdown structure should be outcome-orientated and not prescriptive of 

methods (Anonymous, 2008l). Methods change frequently, but changes in planned 

outcomes require a higher degree of formality. If outcomes and actions are blended, 

changes control may be too rigid for actions and too informal for outcomes 

(Anonymous, 2008n). 

 

4.0 INFLUENCES ON ESTIMATE ACCURACY 

 

Humphreys (1991: 368 - 369) emphasises that different types of estimates have 

different levels of accuracy; depending on the purpose of the estimate. There are, 

however, external factors that may impede on the accuracy of the estimate (Prince, 
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Figure 3.8 Work breakdown structure of an aircraft system 

Source: Anonymous, 2008l 
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2002: 10). Should these factors not be properly managed, it might lead to 

misconceptions later on during the lifespan of the project (Zastrozny, 1974: 16). 

 

4.1 Economic climate change in construction 

 

The economic climate in countries worldwide is ever changing. Different factors effect 

the economic situation. The construction industry is also affected by the greater local 

economics and the international economic scene. Ample examples exist of the current 

international occurrences that have significant effects on the world economy. Moola 

(2008: Financial Mail – 15 August) describes the economic growth in China. Zou and 

Wong (2008: 279) also depict the current economic situation in China. Klopper (2008: 

Radio broadcast 21 November) states that America’s prime lending rate is 0,01%, 

which results in a 10 cent return per annum for every $100 lent. Staff reporter (2008: 

Accessed 21 November), Buffet, (2008: Accessed 21 November), Schoen, (2008: 

Accessed 21 November) and Austin (2008: Accessed 21 November) all comment on 

the current American economy and how it influences the world economy. Benjamin 

(2008: Accessed 21 November) and Laubscher (2008: Accessed 21 November) 

elaborate on the current South African economy, while Anonymous (2008u: Accessed 

21 November) reports on the possibilities of normalising the Zimbabwean economy. 

 

Anonymous (2008o: 6) describes how the recent recession in the United States and 

the stagnation in Japan caused major difficulties for construction companies worldwide. 

Vinci remained the world’s top contractor for 2007 and French company Bouygues 

remained in second place, but the rest of the competition was completely reshuffled. 

Hazelton (2008: 16) reports on the European situation and states that the construction 

industry will be dragged into a mild recession for the next two years because of the 

world economic situation. 

 

Rameezdeen and Ramachandra (2008: 499) draw parallels between a country’s 

economy and its construction sector. In fact, the industry first affected by any country’s 

economy is the construction industry. Rameezdeen and Ramachandra (2008: 499 - 

500) researched the current situation in Sri-Lanka where they found that the effects of 

economic change had almost immediate impact on the local construction industry. 

Construction plays an important role in economic development. Wong, Chiang and Ng 

(2008: 824) describe, by means of empirical research, the complexity and similarities 

between the Hong Kong economy and its construction industry. Hua (2008: 485) 

indicates the complexity of the construction industry and how the economy can 
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influence the industry, while Jha and Devaya (2008: 337) report on the small 

percentage of the international construction market that India manages, but how even 

this small percentage (0,05% of $3 to 4 trillion) has a positive effect on the Indian 

economy. 

 

According to Johnson (2007: 30), the consumption and availability of resources such 

as fuel and electricity also play a role in the economic climate of a country and 

ultimately on construction costs. Jacobson and McLay (2006: 308) report on the effect 

of fuel consumption on the economy. Parry (2008: Financial Mail. 29 August 2008) also 

comments on the price fluctuations in crude oil and how this impact on the economy. 

Lünsche (2004: Financial Mail. 10 December 2004) shows the possible effects of 

electricity supply on the economy. Anonymous (2008q: 10) reflects the effects of the 

price of steel on the different industries in America. The economy in the United 

Kingdom has influenced the construction business to such an extent that brick 

manufacturing is at its lowest level in 60 years (Anonymous, 2008t: 5). 

 

The overall state of the economy and ultimately the construction industry is influenced 

by the above-mentioned factors, which also have an effect on the lending market 

(Strugnell, 2008: 48) and credit control (Beech, 2006: 18). Anonymous (nd: 30) 

discusses the effect of the lending market and credit control on Latin American 

countries. Galf and Monacelli (2008: 117) indicate the advantages of optimum 

monetary and fiscal policy and how such a standard economic principle can direct the 

economy. 

 

4.2 Contracting and type of contract used 

 

Contracting is a primary method that both owners and contractors use to allocate 

identified risks associated with a project (Lucas, 2007: OWN.05.1). In the current global 

construction market, the risks associated with long term major capital projects are high 

because of various supply and demand factors. This requires both the owner and the 

contractor to be innovative in their contracting strategies in order to mitigate their 

perceived risks. 

 

The different types of contracts used on a project have a significant impact on the 

complexity of providing accurate and consistent information. The cost analyst must 

recognise the contract types and be able to implement the appropriate forecasting 

techniques (Lucas, 2007: OWN.05.1). Although not the purpose of this study, it is 
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necessary for the cost estimator to understand that different contract types have 

different views on specific issues. Claims, for example, are treated differently 

depending on the contract in question (Hassanein & El Nemr, 2007: INT.04.1). 

 

Berends (2006: 36) indicates that the difference between an Engineering, Procurement 

and Construct (EPC) contract and a For-and-on-behalf type contract or Project 

Management Contract (PMC) lies to a large extent in the mitigated risks. Yongqiang, 

Fei and Libo (2004: Paper presented at The 4th World Congress of ICEC) comment on 

cost associated with PMC contracts. A contracting firm tendering on an EPC contract 

will have to price according to the risks associated with the scope of work (Yonezawa, 

2005: CSC.18.1). The two main differences between the different contract types are 

the distribution and sharing of risks and the remuneration of the contracting company 

(Berends, 2006: 36). The cost-plus-fee type contract poses perhaps the least risk for 

the contractor, which will positively influence the tenderer’s rates (Rossetti & 

McKeeman, 2008: 6). 

 

Creech (2006: OWN.1.02) points out that different contract types have different 

requirements when it comes to administration and related issues such as mediation, 

arbitration, etc. Zuckerman (2007: 43) describes the costs involved with these legal 

processes. Broome (1999: 6-7) sheds light on the constant drive to simplify contract 

documentation with a resulted reduction in costs. The basic concept for increasing or 

decreasing costs on a project is to alter the risks associated with the project 

accordingly (Ribeiro, 1996: 55). Swart (2004: Paper presented at The 4th World 

Congress of ICEC) comments on the value of good administration for any party to a 

contract. 

 

4.3 Foreign currency fluctuations 

 

The international construction business is sensitive to world events and it entails 

political, financial, cultural, and legal risks (Belcher, 2004: 2 and Cheung, Suen & Lam, 

2002: 411). Understanding the opportunities and threats associated with international 

markets and assessing a company’s preparedness for international ventures are 

crucial to the growth and sometimes the survival of construction companies (Gunham & 

Arditi, 2005: 273). Han and Diekmann (2001: 300) indicate that globalisation of 

construction markets allows for local construction companies to compete 

internationally. The threats and opportunities of target countries should be understood 

(Hastak & Shaked, 2000: 59). Gunhan and Arditi (2005: 275 - 280) list some of the 
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pitfalls in international construction. They are project management capability, 

international network, financial strength, foreign competitors, cultural differences, and 

bribery and corruption in the host country. Chan, Tam and Cheung (2005: 111) report 

on similar findings in the Hong Kong construction sector. 

 

Possibly the latest project to fall victim to the added cost to the budget due to foreign 

currency fluctuations in South Africa is the Gautrain project (Venter, 2008: Accessed 03 

December 2008). Venter comments that the project manager of this project, Jack van 

der Merwe, mentioned that approximately 20% of the total project value of R25 billion 

will be spent overseas and will therefore be subjected to foreign currency fluctuations. 

 

Any construction firm venturing overseas will have to deal with foreign currency 

fluctuations and will have to allow for this as a risk item in the tendering process. The 

world economy dictates the markets and the influences on foreign currencies 

(Minahan, 2007: 24). This sensitive nature of foreign currencies, for instance, had BHP 

Billiton applying crisis management to some extent in 2003 (Anonymous, 2003a: The 

Sydney Morning Herald. 24 February). Anonymous (2003b: The Sydney Morning 

Herald. 24 February) reiterates these findings. Chadee and Crow (1997: 41) and 

Burnside, Eichenbaum and Rebelo (1999: Paper presented at conference held at The 

World Bank. 03 August) also comment on the influences of foreign currency 

fluctuations. Kawai and Akiyama (2000: Seminar - Kuala Lumpur. 30 May) report on 

the currency crisis for exchange rate arrangements in emerging East Asia. Anonymous 

(2008v: Accessed 03 December) and Henock (2008: Accessed 03 December) describe 

the influence of foreign currency fluctuations on the broad economy. 

 

4.4 Weather conditions 

 

Inclement weather causes disruptions on construction sites the world over on a daily 

basis. The importance of weather on the costing of a project has long been realised. 

Cohen (1990: New York Times 19 August) mentions an increasing number of private 

companies engaging in weather forecasts/databases to assist them in improving their 

costing. Although estimators allow for unfavourable weather conditions during 

construction, it is the unforeseen or abnormal conditions for which there has not been 

allowed for that will cause financial losses (Doyon & Werick, 2008: Accessed 9 June). 

Too much rain, snow, cold and heat can cause construction to be either impractical or 

unsafe. Nogueira and Paixão (2007: 545) comment on health risks due to heat when 

performing construction work. De Villers (1986: 1) reports that already in 1986 the 
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annual financial losses due to inclement weather in the United States amounted to 

between $3 and $10 billion per annum. Palutikof (2006: 66) refers to the decline in 

activities during the drought summers of 1975 – 76 and the severe winters of 1962 – 63 

in Great Britain. 

 

Unfavourable weather conditions can cause rework which will be for the construction 

company’s account. Extreme cold can, for example, freeze concrete influencing its 

strength Afrisam (2008: Technical guide to the use of rapid strength cement). 

Ekanayake and Ofori (2000: Paper presented – Pretoria; 23 – 25 August) and Faurie, 

J. (2008: Martin Creamer’s Engineering News – 07 November) also refer to weather 

influences on construction materials.  

 

4.5 Labour availability, productivity and political influences 

 

The influence of labour on the cost of a project was discussed in Chapter 2. 

Townssend and Charles (2008: 67 – 68) report that from the earliest times to the 

Industrial Revolution the craft of skilled trade was the basic unit, the elementary cell of 

the labour process. In each craft the worker was presumed to be the master of a body 

of traditional knowledge, and methods and procedures were left to his or her discretion. 

In each such worker repose the accumulated knowledge of materials and processes by 

which production was accomplished in the craft. The potter, tanner, smith, weaver, 

carpenter, baker, miller, glassmaker, cobbler, etc., each representing a branch of the 

social division of labour, was a repository of human technique for the labour processes 

of that branch (Jackson & Rogers, 2007: 895). 

 

Townssend and Charles (2008: 68) make the statement; “…there is arguably enough a 

much less significant level of skill utilisation in many contemporary work stations.” 

Esposto (2008: 101) describes skill as the ability that comes from knowledge, practice, 

aptitude, etc., to do something well. Esposto (2008: 103) proposes several methods for 

measuring skill and also comments on the steady decline of skill in the workplace. Hall 

and Leeson (2007: 658) indicate that there exists a trade-off between labour standards 

and income and that some first world countries made this trade-off years ago and are 

today reaping the benefits. They add that many sub-Saharan countries will only reach 

this point between 100 and 300 years from now. 

 

Hall and Leeson (2007: 658 – 659) illustrate this point by means of an example. 

Romania’s government structure is in many ways based on those in other modern 
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countries. Their tax system is, for example, based on that of the United States. Their 

gross domestic product per capita, however, is (at the time of this research) $3,167. 

The United States already reached this point in 1887. Developmentally, the United 

States’ equivalent of Romania is 120 years ago. Hall and Leeson (2007: 659) point out 

that this is largely due to the state of skilled labour in these two countries. O’Mahony, 

Robinson and Vecchi (2008: 1435) state that the skills premium has increased because 

the demand for skills by modern technology has risen even faster than the supply. 

According to Addison, Bellmann, Schank, and Teixeira (2008: 115), the situation in 

Germany is no different. For several decades now the demand for unskilled labour has 

declined and that of skilled labour has risen. 

 

It is inevitable that the decline of skilled labour will have an effect on wage rates. 

Borowicz (2007: 19) outlines the effect of wage rates on construction cost. Anonymous, 

(2006a: Business Week - 27 March) refers to the sudden increase in construction cost 

at the time in China due to unforeseen increased construction labour wages. Blandy 

(2006: 2) seconds the reform of the Australian labour market and states that the 

increasing involvement of unions and increased wages necessitate this step. Tan, 

Lester and Richardson (2008: 80) concur with these findings. Campbell (2008: 1389) 

mentions a general international trend in higher-than-usual wage increases and 

abnormalities due to an increased demand. Lechthaler and Snower (2008: 1224) add 

training as a prerequisite for improved skills in the labour market and demonstrate the 

effect of training. Training will result in an initial increase in wages, but will have added 

benefits at a later stage (Matsaganis, 2007: 540). Together with training, factors such 

as income protection (pension) and union involvement (Matsaganis, 2007: 537), will 

have an effect on wage rates, depending where construction takes place. 

 

Saville (2010: Mail & Guardian – 10 September) points out that skilled labour 

availability in South Africa is declining. Würth (2006: 97) and Saville (2010: Mail & 

Guardian – 10 September) both indicated that it is crucial for South Africa to increase 

its productivity to improve economic growth. Letsoalo (2010: Mail & Guardian – 21 

May), Steenkamp (2010: Die Burger – 19 May) and Barnard (2010: Die Burger – 11 

May) all point out negative effects of recent labour strikes in South Africa. Hancock 

(2010: Engineering News – 8 October) and Anonymous (2010b: Mail & Guardian – 20 

April) refer to the effects of political interference on the construction of nuclear power 

plants which in turn has a long term effect on the availability of power and ultimately on 

the South African economy. Poor economic conditions in neighbouring countries also 
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cause labour migration which in turn puts strain on the South African economy (Dagut, 

2006: 262). 

 

The basic principles surrounding productivity were discussed in Chapter 2. The 

measure of productivity is a complex process. Whiteside (2006: EST.08.1) states that it 

will be wrong to assume that productivity is measured uniformly and that all productivity 

values have the same basis. Quiggin (2006: 18) reports on the effect of productivity on 

the Australian economy. Picard and Hutcheson (2008: PM.11.1) comment on the 

growing need to increase productivity in the American construction industry. Refer to 

Figure 3.9. According to Motwani, Kumar and Novakoski (1995: 18), it is relatively easy 

to establish the quantity of work to be performed and the cost per hour for labour to 

perform that work. However, it is the identification and the evaluation of the critical 

factors which influence productivity that provide a challenge (Enshassi, Mohamed, 

Mayer & Abed, 2007: 358). Errors in productivity estimation cause an inverse effect in 

the actual cost of labour to perform a scope of work (Selg & Thomas, 2004: CSC.05.1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Several trade specific productivity factors exist. Alinaitwe, Mwakali and Hansson (2007: 

169) report on factors affecting building craftsmen. Song and AbouRizk (2006: 
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EST.25.1) do the same regarding the steel industry while Lee, Lee and Ibbs (2007: 

EST.05.1) mention factors influencing productivity on freeway construction and Hanna, 

Peterson and Lee (2002: 331) comment on mechanical and electrical projects. These 

productivity factors (discussed in Chapter 2 influence the cost of labour on a project. 

 

Bradley (2008: EST.05.1) says that it was during the early 1900’s that companies 

started to accumulate labour metrics. These statistics included what effort hours were 

required to install the major components such as a cubic yard of concrete, a meter 

length of cable, a ton of steel, etc. As more companies entered the construction scene 

competition became tougher and the tendering for new work had to be more dependent 

on historical data analysis. According to Dumond (2000: 1063), the increased need for 

a baseline to which all companies could compare or measure their labour productivity 

was imminent. This sparked the development of the United States Gulf Coast Baseline 

Worker Hour Norms (USGC). Although this is probably the most well-known tool for 

estimators in the petrochemical industry, there are other methods and ways of 

measuring productivity. Park, Thomas and Tucker (2005: 772) describe the 

Construction Productivity Metrics System (CPMS). This index provides an industry 

norm for production rates. Zayed and Halpin (2005: 779) use regression models, while 

Fayek and Oduba (2005: 938) rely on fuzzy expert systems, and Ezeldin and Sharara 

(2006: 650) use neural networks. 

 

AbouRizk, Knowles and Hermann (2001: 502) show that, especially for labour intensive 

construction work, the productivity factor is important. The estimator will normally start 

with an average production rate and then modify it to reflect the expected conditions on 

site. If the weather is expected to be unfavourable or the skills level is expected to be 

low, the estimator will increase the number of man-hours required to complete a 

specific task. In tendering for work in developing countries this activity of altering the 

average production rate is even more important (Koehn & Jagushte, 2005: INT.03.1). 

In these countries most construction is carried out using labour intensive methods, 

making productivity a serious factor to deal with. 

 

Li (2005: CSC.16.1) and Chang, Hanna, Lackney and Sullivan (2007: 287) describe 

other functional uses for productivity analysis. Schedule adjustment, for instance, is 

one way where the productivity database can be used to capture possible increases or 

savings on the schedule. Moselhi, Assem and El-Rayes (2005: 354) indicate that 

especially in fast track construction, where construction begins prior to design 

completion, that in the case of change orders, production analysis can be used to more 
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accurately estimate the possible cost increase. Productivity analysis can also be used 

to improve construction processes (Cottrell, 2006: 189; Zayed, 2005: 677; Dunlop and 

Smith, 2004: 55) and labour-flow-planning (Thomas, Horman, Minchin & Chen, 2003: 

251). Productivity analysis can even influence scope definition as indicated by Song 

and AbouRizk (2005: 360). O’Connor and Huh (2005: 1013) and O’Connor and Huh 

(2006: 408) indicate how productivity can influence the construction schedule. 

 

Luiz (2002: 594) reports on the socio-economical state of South Africa and the post-

apartheid economic reconstruction. The new government came with new ideas; some 

which worked and some which did not work (Easterly, 2007: 330). The apartheid-era 

went hand-in-hand with economic sanctions, all of which were abolished when the new 

government took over (Ramabodu, Kotze & Verster, 2007: 7). The main drive behind 

socio-economical upliftment was planned through executing the Reconstruction and 

Development Programme (RDP). Especially in the housing sector, construction 

benefitted from the RDP programme, but later when it became apparent that the 

programme would fail because of constant political interference (Luiz, 2002: 596) 

everything came to a standstill. 

 

Andersen (2008: RISK.04.1) states that political interference can be one of the biggest 

single causes for drastic cost increases on a construction project. He describes how 

Danish Professor Bent Flyvbjerg proposed recommendations to the Danish 

government for improving planning on mega projects; one of which was to refrain from 

political interference. Hand-in-hand with the political influence on the cost to construct a 

project is the socio-political aspects or cultural differences (Chan & Tse, 2003: 375). 

 

4.6 Project location 

 

Oladapo, Aladegbaiye and Aibinu (2008: 119) state that a good estimator can readily 

estimate the cost of a project in his area of operation, but it may not always be so for 

projects outside his familiar area. This can be ascribed to the fact that the estimator will 

find himself on unfamiliar ground should he venture into unknown areas of operation. 

Gerber (2008: personal communication) describes the two main considerations in price 

increases on remote projects as transportation costs and increased labour costs. 

Unlike factory conditions, construction is different in the sense that the work is not 

performed in a set factory, but on site which differs in geographical location with every 

new project. 
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Oladapo et al., (2008: 120) describe the effect of location on construction prices as 

twofold. Firstly, institutional factors such as local regulations (laws and by-laws) and the 

level of taxation, and secondly, market factors that include demand and supply of 

construction inputs. Generally, the more remote a project location is, the more 

expensive it will be because of the effect of commodities, such as transport. Algarni, 

Arditi and Polat (2007: 729) indicate that poor infrastructure (especially in developing 

countries) also has an effect on the estimated cost. 

 

The only way to counter the effect of location is to incorporate the major influences of 

location into the calculation of the final estimated cost. The most common way to do 

this is by means of Location Factored Adjustment (LFA) (Jansen-Romijn, 2008: 

EST.13.1). Jansen-Romijn (2008: EST.13.1) formulates the definition of a location 

factor as follows: 

 

“A location factor is an overall total project factor for translating all of the 

project cost elements of a defined construction project scope of work from 

one geographical location to another.” 

 

This factor recognises differences in productivity and costs of labour, engineered 

equipment, commodities, freight, duties and taxes, procurement, engineering, design 

and project administration. Jansen-Romijn (2008: EST.13.1) describes a simplified 

overview of the location factoring method as follows: 

 

• Selecting a detailed estimate for the base location. 

• Creating a parallel estimate by applying overseas labour, material and 

equipment factors (all developed at a constant exchange rate) to the base 

estimate. 

• Calculating allowances for taxes, fees, input duties, freight, etc. with 

expected percentages from the foreign location. 

• Calculating allowances for procurement, engineering, design and project 

administration with expected percentages for the foreign location taking into 

account that part of it cannot be executed locally. 

• Dividing the base estimate to the parallel factored/percentage estimate to 

produce a location factor. 
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Oladapo et al. (2008: 123) describe the specific methodology for the adjustment of 

estimated costs for regional influences using factors. Three common types of price 

indices exist to calculate inflation. They are the Laspeyres Index, the Paasche Index 

and the Fisher Ideal Index. The Laspeyres Index is a base weight index which uses the 

relative quantities of the base period to provide the weighing of the respective prices. 

The Paasche Price Index is a current weight index. The Laspeyres Index has been 

found to overstate inflation while the Paasche Index understates inflation. The Fisher 

Ideal Index is a combination of the two and has been proven to be the best method (Yu 

& Ive, 2006: 786). 

 

The basic methodology for the determination of a Location Adjustment Factor (LAF) is 

described by Jansen-Romijn (2008: EST.13.1). Oladapo et al., (2008: 124) built on this 

description and developed a basic equation to reflect the effect of location on 

construction cost. This equation can be put as follows: 

 

Location factor A =
Price of construction at location A

Price of construction at location B

 

 

It is important to note that the prices used in this case should have the same base date 

and that prices of different base dates will result in askewed results. 

 

4.6.1 Supply chain 

 

Schary (1998: 155-156) indicates that the concept of supply chain is not new and that it 

has been well documented that it occurred from the Renaissance period. Firms have 

become dependent on their suppliers and require other firms to market their products. 

Competition does not necessarily lie between individual firms, but in increasing 

importance between supply chains themselves as supra-organisations. The managerial 

context of the supply chain combines these two perspectives with a third - close 

coordination of all operations within the chain from raw materials to ultimate customer, 

and beyond, to the disposal of the consumed product. Improving the supply chain and 

the management of this chain can result in a reduction in transport costs. Alvi (2008: 

36) and Goodwill (2008: 38) elaborate on the importance of supply chain management. 
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4.6.2 Transportation 

 

Stock and Lambert (2001: 312) state that an industrialised society cannot exist without 

an efficient transportation system. It is often assumed that the products will move from 

where they are produced to where they are consumed with a minimum of difficulty, in 

terms of both time and cost. In most economies transportation is so pervasive that its 

effect on society is not realised. In the United States transportation constitutes 

approximately 6% of the gross domestic product (GDP) (Stock & Lambert, 2001: 312). 

In 1999 transportation costs amounted to $556 billion in the United States. Figure 3.10 

indicates the ratio between freight costs and the GDP. It will be noted that the growth 

rate of freight costs declined in the years 1980 to 1981 (Gransberg, Lopez del Puerto & 

Humphrey, 2007: 405). This is due to the economic deregulation during that period of 

the United States transportation system, as well of the introduction of new technologies 

and the implementation of many leading edge technologies and management 

philosophies. Alonso-Villar (2005: 589) also comments on the effects of transport costs. 

 

Shakantu, Tookey and Bowen, (2003: 105) demonstrate the importance of transport in 

construction with special emphasis on the transport of construction materials. They 

also state that construction is one of the most cost-orientated industries in any 

economy and that construction estimates (in general) are based on straight “take-offs” 

of the quantities required. All further “other” costs in the form of overheads, profit, 

labour and wastage are consolidated into the cost of the material (Liu & Ling, 2005: 

395). Construction is unique within the various industries making up a modern 

economy in that the bulk of the material and the components that it uses are of 

relatively low value while being of high volume. Consequently, a significant proportion 

of the “other” costs associated with material purchases must be in the form of 

transportation (Shakantu et al., 2003: 105). 

 

Stock and Lambert (2001: 314) name some factors that influence the cost of 

transportation: 

 

• The degree of intermode and intramode competition. 

• The location of markets. 

• The nature and extent of government regulation. 

• The balance or imbalance of freight traffic in the market. 

• The seasonality of product movements. 
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• Domestic or international transport. 

 

To understand the effect of transport on the cost of a construction project, the different 

transport modes should be discussed. Figure 3.11 compares the five main modes of 

transport in the United States of America. Stock and Lambert (2001: 322 - 328) also 

describe the following five basic transport modes: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.6.2.1 Motor 

 

During the late 1960’s motor carriage replaced rail carriage as the dominant form of 

freight transport in the United States. Motor carriers often compete with air carriers for 

small shipments and with rail carriers for large shipments. An efficient motor carrier can 

compete with an air carrier on a point-to-point basis for any size shipment if the 

distance is less than 1 000 miles (Stock & Lambert, 2001: 323). This is because motor 

carriers can realise greater efficiencies in terminal, pickup and delivery options (Dennis, 

2007: 5). 

 

 

Figure 3.10  Freight transportation outlays versus GDP of the United States 

Source: Stock and Lambert, 2001: 312 
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Figure 3.11  Comparison of United States domestic transport modes 

Source: Stock and Lambert, 2001: 329 

 

Motor carriers are more flexible and versatile than other transportation modes. The 

flexibility of motor carriers in the United States is made possible by a network of over    

four million miles of roads, which enable them to offer point-to-point service between 

almost any origin-destination combination. Motor carriers are versatile in that they can 

transport products of varying sizes and weights over any distance. The combination of 

flexibility and versatility of motor carriage has enabled it to become the dominant form 

of transport in the United States, as well as many other parts of the world (Stock & 

Lambert, 2001: 323). Smyrlis (2008: 4) and Westell (2008: 10) elaborate on some 

modern problems with motor carriage, i.e. congestion and increased rates due to price 

increases on fuel. 

 

Styan (2010: Fin 24 – 29 April) comments on the steady collapse of the South African 

railway systems and how this deterioration force companies to make use of road 

transport instead. Creamer (2008: Engineering News – 16 July) mentions efforts by the 
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South African government trying to re-instate some of the rail system, but questions are 

being asked  about the economic viability of this effort should it be compared to road 

transport. The increased usage of the country’s road network is causing major damage 

(Van Wyk, 2010: Die Burger – 25 May). Van Wyk further states costs to repair roads in 

South Africa are fast becoming a problem that will only be able to be addressed on a 

national level. 

 

4.6.2.2 Rail 

In many regions of the world, such as Europe and China, rail is the dominant 

transportation mode. In the United States railroads carried over one trillion ton-miles of 

freight over a track network of 175,000 miles in 1996. Post-World War II saw a decline 

in the use of railroads and a shift to motor transportation (Stock & Lambert, 2001: 324). 

 

The biggest disadvantage of rail transport is that the rail network is not nearly as 

extensive as the road network (Cilliers & Nagel, 1994: 10). Rail transport lacks the 

versatility and the flexibility of motor carriers because it is limited to fixed track facilities. 

Although the South African situation differs from that of the United States’, rail transport 

has also declined drastically, but Transnet is busy with a drive to shift at least some of 

the “lost” freight back to rail carriers (Anonymous, 2008s: Accessed 19 November 

2008). 

 

4.6.2.3 Air 

 

In the United States air freight represents less than 1% of the total ton-mile traffic. 

Although increasing numbers of shipments are using air freight for regular service, 

most view air transport as a premium emergency service because of the higher cost.  

Putzger (2008a: 6) describes the takeover of Air Canada’s Toronto-Frankfurt route by 

Lufthansa due to increased demand. When products must be delivered to a distant 

location quickly, air freight offers the shortest time-in-transit of any transportation mode. 

Contradicting this statement, and probably due to the specific situation in America, 

Putzger (2008b: 16-18) documents some facts also proving the increased costs of air 

transportation. US-based company, Boeing, recently had some orders cancelled due to 

the current poor economic situation in America, but mainly due to the high price of 

aviation fuel. 
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Air transport is given to constant enquiries regarding safety and issues pertaining to the 

safe use of this form of transport. Finger and Piers (2005: 20) describe the effect of the 

increased safety regulations on the air freight costs in Switzerland. Barbot (2005: 110) 

expresses similar views. 

 

4.6.2.4 Water 

 

Stock and Lambert (2001: 327) elaborate on the use of water transport. Water carriage 

can be divided into two main categories: inland waterways and ocean/marine transport. 

In South Africa there is no inland transport of any economic significance due to the fact 

that there are no significant waterways. Overseas, for instance in Germany, inland 

water transport amounts to 20% of all freight transported. In the Netherlands and 

Norway it is much higher. Water carriage is perhaps the cheapest method of shipping 

high-bulk low-value commodities.  

 

Marine transport has played an increasing role in the international transport arena. 

Large container ships and super-tankers have paved the way for bulk transport of items 

such as coal, crude oil, etc. Water carriage especially is of value where the speed of 

delivery of the material is not a high priority. Brooks and Button (1996: 21-22) elaborate 

on the pricing methodology of shipping rates and how marine transport cost is 

influenced. 

 

4.6.2.5 Pipeline 

 

Natural gas and crude oil account for the majority of pipeline traffic. Coal is also grind 

into dust. Water is added and the slurry is then pumped through a pipeline. Bausbacher 

& Hunt stated that pipelines are able to deliver products on time because of the 

following factors: 

 

• The flows within the pipeline are monitored and controlled by computer. 

• Losses and damages due to pipeline leaks are extremely rare. 

• Climatic conditions have a minimal effect on products moving in pipelines. 

• Pipelines are not labour-intensive and labour-related issues have little effect 

on them. 
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The minutes of a meeting (2002: Accessed 19 November 2008) describes Sasol’s 

intention to start development of the natural gas line from the Temane Pande gas fields 

in Mozambique to Secunda in South Africa. Anonymous (2002: 01 January) describes 

the start of this project. Hill (2007: 13 September) refers to the R11 billion fuel line 

Transnet-contract to pump fuel from Durban to Johannesburg and how this pipeline will 

lesson then current tanker road transport. 

 

4.7 The estimator (the human factor) 

 

Estimating the cost of a construction project involves the gathering, organising and 

presenting of many pieces of information to make a whole and eventually arriving at a 

cost for a particular project (Rajpatty, 2008: DEV.12.1; Janssen & Yang, 1999: 501). 

Doing this requires a person with special skills.  Especially in the fast-track type 

construction that occurs in modern times, the estimator must sometimes analyse poor 

information and add missing information based on experience (Fellows & Liu, 2000: 

362). 

 

McDowell (2008: EST.18.1) indicates that the main attribute of an estimator should be 

an inquisitive mind. Possible outcomes should be considered to reduce any possible 

oversights. This is a skill that will only be developed over time. McDowell (2008: 

EST.18.1) shows that in order to estimate the costs required to provide complete and 

operable systems, all related items, elements and components must be included. The 

practical execution of the construction work should therefore be questioned (Hannon, 

2007: IT.03.1). A sound knowledge of construction methodology, basic process 

engineering, project management, planning, etc. is therefore necessary. Richards 

(2008: EST.01.1) also comments on the skills of the estimator. The estimator should be 

able to envision a project as it appears built and envision the steps required to build it. 

All of this should be done by considering the budget. 

 

5.0 ELEMENTAL STRUCTURE OF A PROCESS PLANT 

 

Humphreys (1991: 374) illustrates the basic structure of a cost estimate in Figure 3.12. 

The definitions and influences of each cost type have been discussed in Chapter 2. 

Further discussions on the influences of these cost types will follow. 
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McAuley (2008: HPG.04.2) and The Association of Cost Engineers (1991: 3) state that 

construction plants are not standard and the differences arising from the type of 

construction, building, plant or process, together with the special requirements relating 

to climate, local regulations, conditions, customs and resources, are numerous 

(Alinaitwe, 2008: 74). Addendum A refers to an estimating checklist for capital projects 

and can be used as an aide-mémoire that outlines the elemental structure of a typical 

process plant. 

 

6.0 TYPES OF ESTIMATES, THEIR USE AND APPLICATION 

 

Tam (2007: 6) cites Luke Chapter 14 verse 28 - 30 from the Holy Bible which probably 

proves the importance of cost estimating, when dealing with construction work, best.  

 

“Suppose one of you wants to build a tower. Won’t you first sit down and 

estimate the cost to see if you have enough money to complete it? For if 

you lay the foundation and are not able to finish it, everyone who sees it will 

ridicule you, saying, ‘This person began to build and wasn’t able to finish.’” 

 

 
COST ESTIMATE 

INDIRECT COST DIRECT COST 

MATERIAL LABOUR EQUIPMENT 

SUB-CONTRACT 

TAXES GEN. COND. 

RISK 

OVERHEAD 

PROFIT CONTINGENCY 

Figure 3.12  Components of a cost estimate 

Source: Humphreys, 1991: 374 
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From this verse one can deduce that some type of estimating method for construction 

cost was used as far back as 2 000 years ago. Tam (2007: 6) also quotes from writings 

from the ancient Chinese civilisation of 5 000 years ago: 

 

“When a rich man wants to build a house, he must first estimate the 

resources at his disposal and then determine the size of the house to build 

and ask in what amount materials and labour are needed, how long it will 

take, and where to get the materials such as earth, stone, bamboo and 

reeds. The architect will tell him where to get the materials required and 

how much is the cost and labour involved. By following his advice, the man 

is able to complete the construction of the house on schedule. It is due to 

the fact that everything has been carefully planned ahead that the new 

house is found all in order.” 

 

Pheng (2007: 193) also refers to ancient Chinese literature which mentions calculations 

which captured time-cost studies and the development of work units indicating the 

amount of work that a skilled artisan can accomplish in one day. This system is still 

being used today. Pheng (2007: 195) also refers to master craftsmen who had the 

responsibility of estimating the materials and labour required for a certain project. He 

goes on to discuss ancient formulas for calculating volumes and areas of material. 

 

Bowyer (1973: 229-235) mentions the situation in Roman times as described in the 

book Vitruvius, written 100 AD. Advice was, for example, given as to the methodology 

of levelling. This contributed to the development of mass earthworks and ultimately in 

the estimating of costs for such works (Lofton, 2006: OWN.02.2). Vitruvius also 

referred to the importance of the economic value of construction and stated that 

construction is not only about the aesthetics. It also referred, for example, to the 

management of materials. Bowyer (1973: 229-235) also mentions the situation in the 

17th century with the Great Fire in London in 1666. The amount of construction work 

involved in rebuilding London was too much for architects to handle and a specialised 

position for the quantity surveyor was created. Tam (2007: 11) discusses estimation 

during the Middle Ages where Free Masons (the highest ranked masons) kept records 

of costs.  

 

It was essentially the introduction of computers that boosted the evolution of the 

estimating process in all industries. Karshenas (2007: IT.06.1) and Richards (2005: 

EST.12.1) describe some aspects of computer applications in estimating. Masmoudi, 
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Bouaziz and Hachicha (2005: 298-299) describe how computers can be applied even 

in defined estimating procedures such as welding operations. 

 

Dysert (2004: 9.4) states that although modern estimating is based on proven methods, 

these methods get more defined with the increase in technology and data from 

previous projects. World events such as World War II, space travel, the current war in 

Iraq, etc. almost always lead to a surge in improving estimating models. It is therefore 

not surprising that some of the most complicated and advanced estimating models in 

existence were developed by NASA and the American Defence Force, with most of the 

ground work conducted in the mid-Fifties following World War II.  

 

Modern design enables architects and engineers to do designs more accurately and 

faster than their predecessors (Grant, Jones & Vlachos, 2007: 20). Because of 

technology, different estimating processes can be used. Model-based estimating is one 

example (Kraus, Watt & Larson, 2007: IT.01.1; Tas & Yaman, 2005: 253). Computer 

designs can be imported into different computer estimating software packages to 

determine construction cost. Kraus et al., (2007: IT.01.1) refer to Building Information 

Modelling (BIM) as an example. 

 

Barmania and McMullan (2006: IT.01.1) mention neural networks and artificial 

intelligence being incorporated into the estimating techniques, thus leading to the 

commonly used term “intelligent estimating”. Ezeldin and Sharara (2006: 650) offer 

good examples of where neural networks are employed in productivity analysis in 

concreting activities. Barmania and McMullan (2006: IT.01.1) refer to three dimensional 

modelling as a way of performing an estimate. In this technique modelling software is 

used to model all disciplines including equipment, piping, structural steel, HVAC, 

electrical, and instrumentation. The three dimensional model can then be used for 

scope definition, as well as upgraded estimate quantities throughout the project design, 

and can therefore assist with trending on the project (Hanvey, 2008b: Accessed 2 

October). 

 

Richards (2005: EST:12.1) also stresses the fact that although computers can be very 

useful in estimating, they should only be used to assist and should not completely take 

over the process. The estimator will not be able to eliminate activities such as physical 

site visits, consideration for unique project aspects, etc. 
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6.1 Different types of estimates 

 

Uppal (2007: EST.03) refers to estimating as the key to successfully completing any 

project from conception through detailed engineering, construction and successful 

start-up. He warns though that estimating is an approximation procedure that provides 

answers with significantly less than 100 percent probability of being correct or even 

close. As previously mentioned in this chapter, Uppal (2007: EST.03) also stresses the 

importance of scope definition before any estimate can start. 

 

To understand the different methodologies of estimating it is necessary to define what 

an estimate is. Uppal (2007: EST.03) defines it as follows: 

 

“An estimate is a prediction of quantities, cost and/or resources required by 

the scope of an asset investment option, activity or project. As a prediction, 

an estimate must address risks and uncertainties. Estimates are used 

primarily as inputs for budgeting, cost or value analysis, decision making in 

business, asset and project planning, or for project cost and schedule 

control processes. Cost estimates are determined using experience and 

calculating and forecasting the future cost of resources, methods and 

management within a scheduled time frame. Included in these costs are 

assessments and an evaluation of risks.” 

 

Clark and Lorenzoni (1985: 5) also emphasise the fact that an estimate is only a 

prediction based on the knowledge at hand. Dysert (2006: EST.01.1) defines a cost 

estimate as follows: 

 

“Cost estimating is the predictive process used to quantify, cost and price 

the resources required by the scope of an investment option, activity or 

project. The output of the estimating process, the estimate, is typically used 

to establish a project budget.” 

 

Lukas (2006: EST.03.1) reiterates both Clark and Lorenzoni’s and Dysert’s definitions 

of cost estimating by using terminology such as “… rough calculation…”  and “… 

approximate computation…”, again stressing the point that an estimate is nothing more 

than a prediction of what the end cost of the project will be based on certain variables. 
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Dysert (2004: 9.5) states that the method of estimating depends on some factors, i.e. 

the end use of the estimate, the amount of time and money that is available to prepare 

the estimate, the estimating tools and data available, and the level of project definition 

and design information available. Zack (2007: 3) and Han and Park (2008: 199) stress 

the importance of cost estimates and highlight two important facts pertaining to 

estimating: 

 

• Client decision-makers rely on estimates to make business decisions. 

• Estimating involves more than looking up past numbers and factoring it for 

size, location and time. 

 

Zack (2007: 4) points out his concern regarding some modern estimators who rely 

heavily on computer software and who produce estimates without applying some form 

of judgement. Factors influencing productivity, escalation, construction programme, 

construction methodology, etc. all play a role in estimating and should be considered 

(Sandberg, Hetland & Tolo, 2005: EST.21.1). Richards (2008: EST.01.1) gives the 

following guidelines that should be examined when doing an estimate: 

 

• Estimating should be implemented early. 

• Estimating involves more than counting. 

• The entire project team must be involved in the estimate. 

• Accuracy in estimating is in the details. 

• What is not in the estimate is as important as what is. 

• Estimate organisation must be carefully considered. 

• Current information is key. 

• Estimating done right serves as a check on project scope. 

• An estimate should not be high or low, but just right. 

• An estimator must be visionary. 

 

Richards (2008: EST.01.1) continues that the estimate is more than a simple 

translation of technical project information into financial terms. An estimate should 

serve as a check of scope with the established budget (Munde, 2003: 144). The 

process of developing an estimate should be used as an opportunity to verify 

agreement between the various project documents. If the estimate is not developed 

early enough in the design process, the estimate becomes only a limited financial 

forecasting tool. If the estimate is put off until the end of the design, any forecasting 
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attempts are of little help and required changes are made only through major effort and 

may jeopardise continuation of a project.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Estimating models differ depending on what industry the estimate must be conducted 

in. Technology is ever-changing and leads to improved methods for estimating. In the 

construction sector there are also different trends in estimating. Building construction 
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Figure 3.13  Traditional cost modeling – arranged from simple to complex 

Source: Ferry and Brandon, 1980: 103 
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estimating is to a large extent based on principles set by quantity surveyors and 

architects. Figure 3.13 illustrates the traditional cost modelling types that are employed 

in the building construction industry. For the purpose of this study it will, however, not 

be necessary to describe these methods in detail. 

 

The engineering construction sector employs different types of estimating models that 

provide improved answers and are industry specific. According to Dysert (2004: 9.4), 

two main types of estimates are used in the engineering field, and more specifically in 

the petrochemical industry. These are “conceptual” and “deterministic” estimating 

methodologies. Several authors refer to different estimating types within these two 

main methodologies. Zastrozny (1974: 40) refers to “order of magnitude, economic 

study, board, check and detailed” estimates. Dysert (2004: 9.5) refers to terms such as 

“end-product unit method, capacity factor method, ratio or factor methods”, and the 

“parametric method.” 

 

As the level of project definition increases, the estimating methodology tends to 

progress from conceptual (stochastic or factored) methods to deterministic methods 

(Vilela & Longo, 2008: INT.11.1 and Uppal, 2007: EST.03). With conceptual estimating 

methods, the independent variables used in the estimating algorithm are generally 

something other than a direct measure of the units of the item being measured. They 

usually involve simple or complex modeling (or factoring) based on inferred or 

statistical relationships between costs and other typically design-related parameters 

(Musgrove, 2007: EST.19.1). For deterministic estimating methods, the independent 

variables used in the estimating algorithm are more or less a direct measure of the item 

being estimated, such as straightforward counts or measures of items multiplied by unit 

costs. Deterministic estimates require a high degree of precision in the determination of 

quantities, pricing and the completeness of scope definition (Zastrozny, 1974: 40). 

 

Shah et al., (1996: 347) and Pickett and Elliott (2007: EST.02.1) state that there is 

another key difference between conceptual and deterministic estimating methods. 

Conceptual estimating methods require a significant effort in data-gathering and 

methods development before estimating preparation can begin. There is a significant 

effort in historical cost analysis to develop accurate factors and estimating algorithms to 

support conceptual estimating (Farkas & Uys, 2004a: 1). Preparing the conceptual 

estimate itself takes relatively little time (Muscianesi, 2003: 2). 
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It was previously stated that in contrast to the above mentioned, a deterministic 

estimate (detailed estimate) requires a large effort during the preparation of the 

estimate (Kwak & Watson, 2005: 1430). The evaluation and qualification of the project 

scope can take a significant amount of time (Sharma & Lutchman, 2006: 16.1). 

Research and application of accurate pricing information and application of specific 

estimating judgements to the quantified scope can also add to this time consuming 

process. 

 

As previously mentioned, the specific methodology for estimation to be used depends 

on various factors, but most of all on the level of design that has been completed. 

Estimate classification is also discussed later in this chapter. 

 

6.1.1 Conceptual estimates 

 

Conceptual estimates are typically used for low level accuracy estimates to assist 

management in early stage decision-making. These estimates are often referred to as 

“order-of-magnitude” or OOM estimates in reference to their typical wide range of 

estimating accuracy (Zastrozny, 1974: 41). They provide a relatively quick method of 

determining the approximate probable cost of the project without the benefit of detailed 

scope definition. Conceptual estimates are typically used for the following purposes: 

 

• Establishing an early screening estimate for a proposed project or 

programme. 

• Evaluating the general feasibility of a project (Kinney & Soubiran, 2004: 

EST.15.1). 

• Screening project alternatives (such as different locations, technologies, 

capabilities, etc.) 

• Evaluating the cost impacts of design alternatives. 

• Establishing a preliminary budget for control purposes during the design 

phase of the project (Serpell, 2005: EST.13.1). 

 

Conceptual estimates are generally based on little project information, for instance 

engineering deliverables, thus subjecting it to a wide range of estimate accuracy. 

Serpell (2005: EST.13.1) indicates that their accuracy can depend on several factors, 

including the level of project definition, the quality of the past historical cost data 

(Pickett & Elliott, 2007: EST.02.1) in development of the factors and algorithms, as well 
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as the judgment and experience of the estimator. These limitations should be 

recognised in using conceptual estimating methods. Nonetheless, there can be cases 

where conceptual estimates can be very reliable, especially in estimating repeat 

projects (Sonmez, 2004: 677). Generally, the emphasis with conceptual estimating is 

not on detailed accuracy, but on obtaining a reasonable cost estimate of sufficient 

accuracy to ensure that the results are meaningful for management to make the 

decision at hand (Dysert, 2008: EST.03.1). 

 

It is an accepted practice throughout the petrochemical industry to make important 

business and design decisions early in the evolution of the project. The result is that 

the ultimate costs of a project are dramatically influenced by those early decisions 

made during the process design stage of the project (Kinney & Soubiran, 2004: 

EST.15.1). Kinney and Soubiran also indicate in Figure 3.14 the importance of 

accuracy in conceptual cost estimating. 

 

 

6.1.1.1 End-product units method 

 

This conceptual estimating method is used when the estimator has enough historical 

data available from similar projects to relate the end-product units (capacity units) of a 
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project to its construction costs (Ellsworth, 2007: 26). This allows an estimate to be 

prepared in a relatively short space of time. It is, however, necessary to know the end-

product unit capacity of the proposed plant. Examples of such an end-product can be 

the gallon-per-day production of a fuel refinery or the kilowatt output of a power station. 

 

This type of estimate is useful in determining the cost of a proposed project when only 

the bare minimum is known. As previously stated, only the expected production 

capability is necessary as a benchmark (Kwak & Watson, 2005: 1430). It is therefore 

very useful in early stage feasibility analysis to make the initial go-no-go decision. 

 

A direct correlation between different plants based on their output will, however, not 

reflect the actual movement of costs as projects become bigger or smaller depending 

on their output. Economies-of-scale are, for instance, ignored. Experienced estimators 

can make data adjustments to accommodate these changes to an extent. Most of the 

external factors that can influence an estimate’s accuracy are, however, ignored if this 

methodology is used. Oladapo et al., (2008: 119) indicates how special adjustments 

are necessary to allow for project location, timing, etc. 

 

6.1.1.2 Physical dimensions method 

 

This method is very similar to the end-product unit method. It has similar uses and 

similar limitations. Tam (2007: 13) indicates that it is employed in the building 

construction sector where plan sizes of similar buildings and building heights can vary 

and simple adjustments are made to accommodate these changes in design. In the 

petrochemical industry this method is not often employed, but it can be useful when 

performing semi-deterministic estimates (Dysert, 2004: 9.5), but then only on specific 

items such as area finishing, buildings that form part of the plant design, etc. 

 

6.1.1.3 Capacity factor method 

 

Ellsworth (2007: 26) demonstrates that a capacity factor method is one in which the 

cost of a new facility is derived from the cost of a similar facility, but usually with a 

different capacity. It relies on the non-linear relationship between capacity and cost. 

The ratio of costs between two similar facilities of different capacities equals the ratio of 

the capacities multiplied by an exponent: 

 

$B / $A = (CapB / CapA)e 
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Where $A and $B are the costs of the two similar facilities, and CapB and CapA are the 

two capabilities of the facilities. This is demonstrated in Figure 3. 14. If this equation is 

rewritten it becomes: 

 

$B = ($A) (CapB / CapA)e 

 

Where: 

 

$B is the cost of the facility to be estimated, 

$A is the known cost of a similar facility, 

CapB is the capacity of the facility being estimated, 

CapA is the capacity of the similar facility, and 

“e” is the exponent or proration factor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ellsworth (2007: 27) shows that the exponent “e” typically lies between 0,5 and 0,85 

depending on the type of facility, and should be carefully analysed for its applicability to 

each estimating situation. The exponent used in the capacity factor equation is actually 

the slope of the curve that has been drawn to reflect the change in cost of a facility as it 

is made larger or smaller. These curves are usually drawn from the data points of the 

known costs of completed projects. With an exponent value less than 1, scales of 

economy are achieved such that as facility capacity increases by a percentage, the 

 

Figure 3.15 Capacity factor relationship 

Source: Dysert, 2004: 9.6 
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costs to build the larger facility increase by less than the same percentage (Ellsworth, 

2007: 27). 

 

Dysert (2004: 9.6) indicates that the methodology of using capacity factors is 

sometimes referred to as the “scale of operations” method or the “six tenth’s factor” 

method due to the common reliance on an exponent value of 0,6 if no other information 

is available. With an exponent value of 0,6 doubling the capacity of a facility increases 

the cost by approximately 50 percent, and tripling the capacity of a facility increases the 

cost by approximately 100 percent. 

 

Dysert (2004: 9.6) says that it is important to realise that as the graph gets plotted, it 

appears to be in a straight line over a small range of capacity values. It is, however, not 

constant over the entire range of possible capabilities or facility sizes. In reality, as 

facility sizes increase, the exponent tends to increase as illustrated in Figure 3.16. As 

an example, between the capacities A and B as illustrated in Figure 3.16, the capacity 

factor may have a value of 0,6. However, between capacities B and C, the exponent 

has a value of 0,65. Between capacities C and D, the value of the exponent may have 

risen to 0,72. Eventually, as the facility capacity increases to the limits of the existing 

technology, the exponent tends towards a value of 1. At this point it becomes more 

economical to build two facilities of a smaller size than one large facility. Cost becomes 

a linear function of capacity, and scales of economy are no longer obtained. Ellsworth 

(2007: 27) demonstrates Dysert’s findings by means of actual plant costs of hydro-

electric pumped storage facilities in Table 3.2. Table 3.2 indicates that it is not always 

the case that plant cost per output unit decrease as plant size increases. The specific 

design of each facility needs to be taken into account. 

 

Facility Year Capacity in MW Facility cost in 2005 ($) 

 

Bad Creek, SC 

Bath County, VA 

Bear Swamp, MA 

Blenheim-Gilboa, NY 

Castaic, CA 

Eastwood, CA 

Fairfield, SC 

Helms, CA 

 

1991 

1985 

1974 

1973 

1972 

1987 

1978 

1984 

 

1,065 

2,100 

600 

1,000 

1,331 

200 

511 

1,053 

 

1,705,000,000 

3,632,000,000 

464,000,000 

1,083,000,000 

1,735,000,000 

490,000,000 

535,000,000 

1,802,000,000 
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Jocassee, SC 

Ludington, MI 

Northfield Mountain, MA 

Racoon Mountain, TN 

Rocky Mountain, GA 

Seneca, PA 

Wallace Dam, GA 

1973 

1973 

1972 

1978 

1995 

1970 

1979 

610 

1,979 

846 

1,530 

848 

422 

209 

529,000,000 

1,687,000,000 

687,000,000 

797,000,000 

1,220,000,000 

1,105,000,000 

540,000,000 

 

Table 3.2 Cost and capacity of hydro-electric pumped storage facilities 

Source: Ellsworth, 2007: 27 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This form of estimating can be quite accurate if the capacity factor used in the 

estimating algorithm is relatively close to the actual value, and if the facility being 

estimated is relatively close in size to the similar facility of known cost. In a case like 

this, the potential error from capacity factoring is quite small and is well within the level 

of accuracy that would be expected from such a method.  

 

Figure 3.16 Capacity factor exponents are not constant across all capacity 

ranges 

Source: Dysert, 2004: 9.7 
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Thus, if the facility size being estimated is reasonably close to the size of the known 

facility, and a realistic capacity factor exponent is used, error from the capacity 

factoring algorithm is small. However, this error can be compounded by other 

assumptions that might be necessary to allow for the actual estimating situation such 

as adjustments for scope, location and time.  Each of these adjustments can also add 

to the level of error in the overall estimate. 

The key steps in preparing a capacity factor estimate are described by Dysert (2004: 

9.6) and are as follows: 

 

• Deduct costs from the known base case that are not applicable in the new 

plant being estimated. 

• Apply location and escalation adjustments to normalise costs. This 

determines what the adjusted scope for the base case will cost in the new 

location and time frame. 

• Apply the capacity factor algorithm to adjust for plant size. 

• Add any additional costs which are required for the new plant but which 

were not included in the known plant. 

 

The capacity factor estimating method provides a relatively quick and sufficiently 

accurate means to provide early estimates during the concept screening stage of a 

project. The method requires historical cost and capacity data for similar plants and 

processes. Although published data on capacity factors exist, the best data would be 

from the specific organisation for which the estimate is being conducted. When using 

this method the new and existing known facilities should be near duplicates and 

reasonably close in size. Each of the adjustments that are made, add additional 

uncertainty and potential error to the estimate. Nevertheless, this estimating method 

remains a firm favourite when dealing with early stage support decision-making and 

pre-design estimates. 

 

6.1.1.4 Ratio or factor method 

 

Ratio or factored estimating methods are used in situations where the total cost of an 

item or facility can be reliably determined from the cost of a primary component. In the 

case of most petrochemical plants, the specialised process equipment makes up a 

significant portion of the total project cost. This is often referred to as “equipment 

factor” estimating (Uppal, 2007: EST.03). 
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Equipment factor estimates are used to develop costs for process and utility units for 

which the behaviour of the costs of the direct labour and bulk materials used to 

construct the facilities is correlated with the costs (or the design parameters) of the 

major equipment. Liu and Zhu (2007: 91) describe that this estimating methodology 

typically relies on the principle that a ratio or factor exists between the cost of an 

equipment item and the costs for the associated non-equipment items (foundations, 

piping, electrical, etc.) needed to complete the installation. 

 

An equipment factor estimate can typically be generated when project definition is 

approximately 1 to 15% complete. An equipment list should be available at this point of 

time in the project. This estimate is often a feasibility estimate used to determine 

whether there is sufficient business case to pursue the project. If so, then this estimate 

may be used to justify the funding required to complete the engineering and design 

required to produce a funding or budget estimate (Newnan et al., 2004: 46). 

 

Depending on the particular factoring techniques and data used, the factors may 

estimate Total Installed Cost (TIC) or Direct Field Cost (DFC). Usually the factors 

generate costs only for the Inside Battery Limit (IBL) facilities, and require the Outside 

Battery Limit (OBL) costs to be estimated separately. Refer to Figure 3.17 (Kinney & 

Gauche, 2006: EST.14.1). In rare cases there might be sufficient factors to estimate 

both IBL and OBL at the same time. It is therefore important to understand the basis of 

the factors used in an equipment factored estimate. 

 

Hans Lang published an article in 1947 where he proposed the use of the total cost of 

the equipment of a plant multiplied by a factor to calculate the total construction cost of 

the plant (Uppal, 2007: EST.03). Lang produced three factors which cover all the costs 

associated with the construction of a plant. This means that it includes IBL as well as 

OBL costs. Table 3.3 illustrates Lang’s factors. 
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 Type of plant Factor 

Solid process plant 

Solid-fluid process plant 

Fluid process plant 

3.10 

3.63 

4.74 

Table 3.3 Lang factors 

Source: Dysert, 2004: 9.8 

 

Figure 3.17 Traditional definition of IBL and OBL 

Source: Kinney and Gauche, 2006: EST.14.1 
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Lang’s approach was rather simple, utilising a factor that varied only by the type of 

process. Since that first publication many methods of equipment factoring have been 

proposed and some have become very sophisticated. The term “Lang factor” is often 

used to refer to all types of equipment factors.  

 

In 1958 W. E. Hand (Uppal, 2007: EST.03.2) elaborated on Lang’s work by proposing 

different factors for each type of equipment (columns, vessels, heat exchangers, etc.) 

rather than process type. Hand’s factors estimated direct field costs excluding 

instrumentation. Hand’s published equipment factors ranged from 2,0 to 3,5 (which 

might correlate with 2,4 to 4,3 including instrumentation). Hand’s factors excluded 

indirect field costs, home office costs and the costs for off-site or outside battery limit 

costs. These costs would have to be estimated separately. 

 

In 1965 Arthur Miller proposed another enhancement to the concept of equipment 

factors. Miller recognised the impact of three specific variables that affect the 

equipment material cost to a greater degree than they affect the cost of the associated 

bulk materials and installation (Dysert, 2004: 9.8). These three factors are the size of 

the major equipment, the materials of construction (metallurgy) of the equipment, and 

the operating pressure. Miller notes that as the size of a piece of operating equipment 

becomes gets larger, the amount of corresponding bulk materials (foundations, support 

steel, piping, instrumentation, etc.) does not increase at the same rate. Thus, as the 

equipment increases in size, the value of the equipment factor decreases. 

 

Dysert (2004: 9.8) indicates that similar tendencies exist for an increased quality of 

material or increased operating pressure. The better the quality of material or the 

higher the operating pressure, the smaller the factor value. Miller suggests that these 

three variables could be evaluated in terms of a single attribute known as the “average 

unit cost” of equipment. The average unit cost of equipment is: 

 

Total cost of process equipment/number of equipment items 

 

If the average cost of equipment increases, then the equipment factor is scaled 

smaller. The correlation between increasing average unit cost of equipment and 

decreasing equipment factors was statistically validated in subsequent studies 

(Nishimura, 1995: 235; Rodl, Prinzing & Aichert, 1985: 112). 
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The equipment factors described thus far were used to generate all the DFC or the TIC 

cost. Another method of using equipment factors is to generate separate costs for each 

of the disciplines associated with the installation of the equipment. Uppal (2007: 

EST.3.5) describes the use of this methodology. Using this methodology, each type of 

equipment is associated with several discipline specific equipment factors. For 

example, one factor will generate the costs for concrete, one for structural steel and 

one for piping, etc. An advantage of this method is that it allows the estimator to adjust 

the costs for the individual disciplines based on specific knowledge of the project 

conditions and improves the accuracy thereof. The estimator can also use the costs for 

the different disciplines and compare them against other similar costs. 

 

Developing the actual equipment factors to be used in preparing process plant 

estimates is a time consuming affair. When these factors are used, there should be a 

clear explanation of what is included in the factors and what not. Equipment factors are 

typically developed by generating detailed estimates for a matrix of equipment types, 

size ranges, metallurgies, operating pressures, etc. The estimates are then carefully 

analysed to develop individual equipment and adjustment factors so that other 

variables can be accounted for. 

 

The factors developed in this manner can be tested and calibrated against actual 

project histories. The proposed equipment factors are applied to the actual equipment 

costs for completed projects, and the result for the factoring exercise is compared to 

the actual project cost to determine if a reasonable degree of accuracy has been 

obtained. If the factoring results vary consistently from the actual costs an analysis to 

determine the reasons will have to be performed. These factors will have to be 

developed on a continuous basis to improve the accuracy of the method.  

 

When comparing an equipment factored estimate, the first step will be to establish the 

cost of each piece of equipment. The equipment list should be examined carefully and 

compared against the process flow diagrams (PFDs). If factored estimating is used, the 

complete list of equipment is generally not available. Assumptions should be made as 

to which auxiliary equipment will be used in conjunction with the major pieces of 

equipment. 

 

Equipment sizing should also be verified. At this preliminary stage of engineering a 

common problem is that equipment is often sized at 100% of normal operating duty. 

What typically happens is that by the time the equipment data have been added to the 
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purchase order, a percentage of over sizing has been added to the design 

specifications. The percentage of over sizing depends on the type of equipment and 

the specific company procedures.  

 

The purchase cost of the equipment may be obtained from several methods using 

purchase orders, other purchase information from recent purchases, published 

equipment cost data, and firm vendor quotations. Since the material cost for equipment 

can vary between 20 and 40% for process plants it is important to estimate the costs as 

accurately as possible. If historical purchase information is used, one should ensure 

that the costs are escalated appropriately and adjusted for location and/or market 

conditions as required. 

 

When the equipment cost is established, the appropriate equipment factors need to be 

established and applied. Adjustments for equipment size, metallurgy and operating 

conditions are included if necessary. Any specific project or process conditions should 

be evaluated to determine if scope-based adjustments to the factored costs will be 

required. A more congested site, for example, will lead to shorter pipe and cable runs 

due to closer equipment spacing, but the congestion on the site will have a negative 

effect on productivity. Areas prone to seismic activity probably will require adjustments 

to the foundations and might include the use of piles or raft foundations. 

 

When the equipment factored estimates are complete, the remainder of the project 

costs that are not covered by the factors must be estimated. Depending on the type of 

factors used, this may include indirect field costs, home office costs and outside battery 

(OBL) costs. A very important factor that should be taken into account when making 

use of this method is to know exactly what is included in the factors and to include all 

costs that are not covered by the factors. 

 

6.1.1.5 Parametric method 

 

A parametric cost model is a useful tool for preparing conceptual estimates when there 

is little technical data or engineering deliverables to provide a basis for using more 

detailed methods. NASA (Dysert, 2004: 9.11) defines parametric estimating as follows: 

 

“A parametric model is a mathematical representation of cost relationships 

that provide a logical and predicable correlation between the physical or 

functional characteristics of a plant and its resultant cost. A parametric 
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estimate comprise cost estimating relationships and other parametric 

estimating functions that provide logical and repeatable relationships 

between independent variables, such as design parameters or physical 

characteristics and the dependent variables, cost.” 

 

Capacity and equipment factor estimates are simple examples of parametric estimates, 

however, sophisticated parametric models typically involve several independent 

variables or cost drivers (Brunsman, Robson & Gransberg, 2008: EST.06.1). Though 

similar to those estimating methods, parametric estimating is reliant on the collection 

and analysis of previous cost data in order to develop the cost estimating relationships. 

The process of developing a parametric model should generally involve the following 

steps (Dysert, 2008: EST.03.2): 

 

• Cost model scope determination, 

• data collection, 

• data normalisation, 

• data analysis, 

• data application, 

• testing, and 

• documentation. 

 

The first step in developing a parametric cost estimate model is to establish its scope. 

This includes defining the end use of the model, the cost basis of the model, and the 

critical components and cost drivers (Dysert, 2008: EST.03.2). The end use would 

typically be to prepare conceptual estimates for process plants. The type of process to 

be covered by the model, the type of costs to be estimated, the intended accuracy 

range of the model, etc. should all be determined as part of the end-use definition. The 

model should be based on actual costs from completed projects, and should reflect a 

specific organisation’s engineering practices and technology (Brunsman et al., 2008: 

EST.06.1). The model should generate current year costs or should have the ability to 

escalate costs to current year costs. The model should be based on key design 

parameters that can be defined with reasonable accuracy early in the project scope 

development and provide the capability for the estimator to easily adjust the derived 

cost for specific complexity or other factors affecting the particular project, (Fang & 

Rogerson, 1999:45). 

 



Chapter 3                                                                                 Estimating in Construction 
______________________________________________________________________ 

 132 

The quality of the resulting model cannot be better than the data that it is based upon 

(Polla, 2007: 12). The level at which cost data is collected will affect the level at which 

the model can generate costs and may affect the derivation of the cost estimating 

relationships. It is advisable to collect cost data at a fairly low level of detail. The cost 

data can always be summarised later if an aggregate level of cost information provides 

a better model. A base date should be recorded for each set of data collected to allow 

future normalisation. Kwak and Watson (2005: 1431) state that the scope information 

should include all proposed design parameters or key cost drivers for the model, as 

well as any other information that may affect costs. It is usually best to create a formal 

data collection form that can be consistently used, and revised if necessary. 

 

After the data has been collected the next step in the process of developing a 

parametric model is to normalise the data before it can be analysed. (Dysert, 2008: 

EST.03.2) states that normalisation of the data involves making adjustments to the 

data to account for the differences between the actual basis of the data for each 

project, and a desired standard basis of data to be used for the parametric model. 

Typically, data normalisation involves making adjustments for escalation, location, site 

conditions, system specifications, and cost scope. 

 

There are many diverse methods and techniques to analyse the data (Kwak & Watson, 

2005: 1434). Further information on these methods will follow further in this study. 

Typically, data analysis consists of performing regression analysis of costs versus 

selected design parameters to determine the key drivers for the model.  

 

The data application stage of the development process involves establishing the user 

interface and presentation form for the parametric cost model (Wong, 2002: 373). 

Using the mathematical and statistical algorithms developed in the data analysis stage, 

the various inputs to the cost model are identified, and an interface is developed to 

provide the estimator with an easy and straightforward way in which to enter this 

information (International Society of Parametric Analysts and the Society of Estimating 

and Analysis, 2007: 2.8). Once the regression analysis have been performed and 

algorithms have been obtained, it must still be examined to ensure that it make sense. 

If the relationships from the model appear to be reasonable, additional tests can be 

performed for statistical significance and to verify that the model does provide answers 

within an acceptable range of error. 
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A quick test to run is to test the regression results directly against the input data to see 

the percent error for each of the inputs. This can then be used to determine the range 

of error, and interpreting the results can assist in determining problems and refining the 

algorithms. The whole model should be tested against new data (data not used in 

developing the model). The data used to create the model should be documented, 

including a discussion on how the data was adjusted and normalised. All the 

assumptions and allowances designed into the model should be documented, as 

should any exclusions. The range of applicable input values and the limitations of the 

model’s algorithms should also be explained. 

 

6.1.2 Deterministic (detailed) estimating methodologies 

 

A detailed estimate is one in which each component of a project scope definition is 

quantitatively surveyed and priced using the most realistic unit prices available (Vilela, 

& Longo, 2008: INT.11.1). Yepez (2008: 70) points out that detailed estimates are 

typically prepared to support final budget authorisation, contractor bid tenders, cost 

control during project execution, and change orders. Detailed estimates use a 

deterministic approach and require a substantial amount of time and are quite costly to 

prepare (Tam, 2007: 28).  

 

At a minimum, the required engineering and design data required to perform a detailed 

estimate includes process and flow diagrams, piping and instrument diagrams, 

equipment data sheets, motor lists, electrical one-line diagrams, piping isometrics (for 

alloy and large diameter pipes), equipment and piping lay-out drawings, plot plans and 

engineering specifications. Pricing data should include quotations from vendors, 

current pricing information from recent purchase orders, current labour rates, project 

schedule information, etc. 

 

In a completely detailed estimate, all costs are detailed including direct field cost, 

indirect field cost, head office costs and all other miscellaneous costs for IBL, as well 

as OBL facilities. A semi-detailed estimate might include factored IBL costs and 

measured quantities for the OBL facilities. A forced detailed estimate is one where 

quantities are taken off preliminary drawings and design information (Dysert, 2004: 

9.13). The following steps comprise the activities undertaken during the preparation of 

a detailed estimate: 

 

• Prepare project estimate basis and schedule. 
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• Prepare direct field cost estimate. 

• Prepare indirect field cost estimate. 

• Prepare head office cost estimate. 

• Prepare sales tax and duties estimate. 

• Prepare escalation estimate. 

• Prepare project fee estimate. 

• Prepare cost risk analysis / contingency determination. 

• Review and validate estimate. 

 

The preplanning of the estimate is essentially the first step in performing the estimate. 

The estimate basis documents the activities and course of action that will be used to 

prepare the estimate. The organisation’s estimating guidelines and procedures should 

be reviewed with the estimating team. The project’s work breakdown structure (WBS) 

should be reviewed and an agreement should be reached on the estimating format. 

The structure of the detailed estimate is mostly used to support cost control during the 

execution of the project and should be structured to accomplish that purpose. The 

listing of engineering and technical deliverables should be reviewed. Any exclusion 

should be documented not to omit these when the estimate is finally submitted. As 

previously stated, the items not included in the estimate are just as important as those 

included in the estimate. 

 

Estimating the direct field costs is the most intensive activity of the detailed estimate. 

Project scope should be reviewed and understood, and all technical deliverables 

assembled. As the drawings are issued from the engineering department a take-off 

must be done to quantify all material and labour components in order to cost it later on. 

Labour hours are assigned to all activities and get adjusted for labour productivity. The 

direct field cost estimate then is summarised and reviewed for completeness and 

accuracy. 

 

The labour component of the direct field cost is normally a basis for the indirect field 

cost estimate. These labour hours are factored to determine what the indirect field cost 

component will be. The construction manager should be heavily involved in finalising 

the indirect field cost estimate. The estimator, in conjunction with management, will 

discuss the sundry items such as tax allowances, profit allowances, etc. to be added to 

the total estimate (Anonymous, 2008r: 5). An important additional cost will be the 
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contingency that should be calculated and added to the estimate. More information on 

contingency calculation will follow in this study. 

 

The costing of the process equipment is as important in the detailed estimate as it is in 

the equipment factored estimate. Equipment cost will be the most significant cost on 

the project. The minimum requirements for pricing the equipment will be the process 

flow diagrams, equipment lists, and the equipment process data sheets. In many cases 

there will not be enough time to obtain formal quotations for equipment and the 

estimator will revert to parametric estimating to determine the cost of the equipment. A 

check between the equipment list and the flow diagram should be standard practice. 

The estimator should also ensure that all additional items should be included in the 

price for any given piece of equipment. Freight costs can be significant and should not 

be forgotten. 

 

Equipment installation costs are usually prepared by the estimator, with assistance 

from the construction team where required. Construction assistance is usually required 

when heavy lifts, site access, scaffolding or special installation methods are required. 

The labour content for the installation of equipment is usually based on the weight of 

the equipment. Using the equipment weight and physical size, the man-hours required 

to install the piece are typically determined from production curves based on historical 

data. Depending on the information available, the labour hours to set and erect a heavy 

vessel may not include the hours to erect, take down, and dismantle a guy derrick, gin 

poles or other special lifting equipment. Special consideration may also be given to 

calibration, soil settlement procedures, special internal coatings, hydro testing and 

other testing requirements.  

 

As previously stated, detailed estimate is the most accurate form of estimating, but also 

requires the most time and effort to prepare. In modern construction almost all projects 

are based on the fast track principle which means that the fully detailed estimate will 

almost never be used as a pre-contract estimating tool, but rather as an in-contract 

cost control device. In most cases the semi-detailed estimate or the forced-detailed 

estimate will prevail. These estimates can be done sooner since they are based on a 

lower level of detail. This will mean that management will be sooner in a position to 

make financial decisions as to whether a project should continue or not. 
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6.2 Estimate classifications 

 

Liu and Zhu (2007: 93) and Aslaksen and Vigerust (2007: RISK.02.2) state that formal 

estimate classifications have been developed to establish a series of routes to allow 

the project team to better manage the estimate process. Figure 3.18 shows that for a 

conventional project the emphasis in the conceptual stage should be on input factors 

such as project information and team experience. In the design stage, attention is 

shifted to estimation design and estimation process, in addition to project information 

and team experience. Entering the tendering stage, the focus is on expected accuracy 

level, benchmarking, and team alignment, in addition to estimation design and 

estimation process. Finally, at the construction stage, focus narrows further down to 

review and acceptance of estimate, estimation design, team alignment and 

benchmarking (Liu & Zhu, 2007: 93). 
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Source: Liu and Zhu, 2007: 93 
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To obtain the various levels of accuracy (as proposed by Liu and Zhu) certain types of 

estimates were labelled, assigned to certain levels or classifications. Molenaar (2005: 

343) comments that cost estimates should transparently convey the true nature of 

uncertainty involved with the project at each stage of the process. Estimating 

procedures must model both the technical and non-technical nature of the challenges 

in quantifying capital costs early in the project’s life cycle.  

 

Molenaar (2005: 344) states that cost estimating techniques and tools should relate 

and adapt to the various phases of project development. Molenaar (2005: 344), 

Barmania and McMullan (2006: IT.01.2) and Uppal (2006: EST.07.4) describe the 

estimate classification system of The Association for the Advancement of Cost 

Engineering International (AACE). Table 3.4 illustrates this proposed classification 

system. The system described in Table 3.4 is fairly similar to the generic cost estimate 

classification matrix proposed by AACE.  
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The system allows for an expected range of accuracy for each phase. A Class 5 

estimate is based on the lowest level of project definition and a Class 1 estimate is 

close to full project definition. Table 3.4 also describes the methodological approach to 

the estimate as either stochastic or deterministic, depending on the level of design and 

information available.  

 

Figure 3.19 and Figure 3.20 explain how identifying, quantifying and managing cost 

and schedule uncertainties relate to management of the cost of major projects. Figure 

3.20 applies to situations where the scope is unchanged and where an estimate at 

some early stage (e.g. 5% design stage) has included uncertainty. There should be a 

reduction in the range of cost or schedule uncertainty as a project proceeds from 

concept to completion. The reduction in estimated cost is as a result of better defining 

cost variables and eliminating uncertainty as cost factors are finally incorporated into 

the project plan (Molenaar, 2005: 344). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.19 Conceptual components of a cost estimate 

Source: Molenaar, 2005: 344 
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6.3 Take-off 

 

The traditional quantity surveying profession is most familiar with quantity take-offs. 

Bills of Quantities are based on quantity take-offs and are thus an essential part of a 

quantity surveyor’s function in the professional team. In the engineering field, the total 

responsibility is shared by the quantity surveyor, as well as the cost controller/cost 

engineer. The main difference in taking off for tendering purposes as a consultant on 

the client’s side and that of a take-off for an estimate for tendering purpose is probably 

that the estimator on the contractor’s side does not have the luxury to include 

provisional measures and provisional amounts that can later be re-measured (Claasen, 

2008a: Financial Mail – 25 April). More clients tend to opt for the “Lump Sum Fixed 

Price” type contract and in the case of a design-construct contract will hold the 

contractor responsible for under-measuring the tender (Henschel & Hildreth, 2008: 

CDR.S02.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Take-offs are an essential part of detailed estimates (Dysert, 2004: 9.18). By keeping a 

uniform and consistent take-off process, the chance of error or omission is reduced. 

 

Figure 3.20 Conceptual refinement of a cost estimate 

Source: Molenaar, 2005: 345 
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This will enable new estimators on the team to pick-up much easier where the previous 

estimator left off. It is not necessary to discuss the basic principles of take-offs here, 

but should the estimator keep to these principles he will seldom experience a problem 

in these tasks. 

 

6.4 Estimating allowances 

 

Harbuck (2007: EST.16.2) demonstrates in Figure 3.21 the change in construction 

variables during the course of construction. Allowances are often included in the 

estimate as a percentage of some detailed cost component. Harbuck (2007: EST.16.2) 

indicated some typical examples of allowances that may be included in detailed 

construction estimates: 

 

• design allowances for engineered equipment, 

• material take-off allowances, 

• overbuy allowances, 

• unrecoverable shipping damage allowances, and 

• allowances for undefined major items. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.21 Change in construction variables during the course of a construction 

project 

Source: Harbuck, 2007: EST.16.3 
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With speciality engineered equipment it is often likely that the quoted cost is not the 

final cost incurred by the project. Past project experience will lead the estimator to 

certain allowances for certain elements. Miscellaneous allowances may be included in 

an estimate in situations where a statistical correlation is more reliable than a detailed 

quantification, or where it is not economical to perform a detailed take-off. Percentage 

allowances are often included for such items. Material and/or labour costs routinely 

covered by such items include: 

 

• percentage of hand excavation versus machine earthworks, 

• formwork accessories, 

• structural steel connection materials, 

• bolts, gaskets, etc., 

• piping hangers, guides, etc., 

• miscellaneous welding operations, and 

• hydro-testing and other testing operations. 

 

Specific application of estimating allowances will depend on many considerations. For 

conceptual estimates, such as capacity factored estimates, allowances may not be 

required as the estimating methodology itself covers all scope and costs included in the 

project (Uppal, 2007: EST.03.9). Allowances are usually more applicable to semi-

detailed and detailed estimates, with the cost value of allowances (or percentage costs) 

becoming less as the project definition increases. A specific allowance will usually 

depend on specific organisation estimating procedures and experiences (Dysert, 2006: 

EST.01.4). 

 

Allowances are often included in an estimate to account for the predictable but 

indefinable costs associated with project scope. A way to include for these allowances 

is by adding a contingency amount to the estimate total (Burroughs & Juntima, 2004: 

EST.03.1). Such a contingency is required because estimating is not an exact science. 

The concept of contingency allowances is covered in more detail later in this study, but 

the basic essence of the contingency is illustrated in Figure 3.22 adopted from Noor 

and Tichacek (2004: RISK.04.2). With estimating in mind, it is however important to 

note some important allowances that the contingency does cater for and what it does 

not cater for. The contingency typically covers the following (Zhao, 2006: RISK.05.2; 

Singh Shiramizu & Gantam, 2007: 23 - 25): 
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• Errors and omissions in the estimating process. 

• Variability associated with the quantification process. 

• Design that may not be complete enough to determine final quantities at the 

time of estimate preparation. 

• Some items that may defy precise quantification but are required to be 

estimated. 

• Some items that need to be quantified that are generally computed by 

factored or other factored conceptual methods. 

• Labour productivity variability. 

• Labour availability skills and productivity that may vary from that originally 

assumed. 

• The fact that there is no such thing as an “average” tradesman that installs 

every incremental quantity of an item at an “average” rate typically used in 

preparing the estimate. 

• Weather which may vary from that assumed affecting labour productivity. 

• Wage rate variability (Cohen, 1990: New York Times – 19 August). 

• Wages that may vary from that assumed in the estimate due to inflationary 

reasons, changes in assumed crew mix, labour availability, and market 

conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.22 Relationship between the budget, contingency and management 

reserve 

Source: Noor and Tichacek, 2004: RISK.04.2 
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• Inflation in material and equipment costs. 

• Certain materials of construction that may be substituted from that assumed 

in the estimate. 

• Changes in actual quantities that may change discount schedules from that 

assumed in the estimate. 

 

Zhao (2006: RISK.05.2) points out that contingencies specifically exclude the following: 

 

• Significant changes in scope. 

• Major unexpected work stoppages (strikes, etc.) 

• Acts of God. 

• Excessive, unexpected inflation. 

• Excessive, unexpected currency fluctuations. 

 

6.5 Estimate accuracy 

 

Estimate accuracy is described by Dysert (2006: EST.01.1) as follows: 

 

“Accuracy is the degree to which a measurement or calculation varies to 

its actual value; thus estimating accuracy is an indication of the degree to 

which the final cost outcome of a project may vary from the single point 

value used as the estimated cost for the project.” 

 

Figure 3.23 illustrates the concept of estimate accuracy in relation to the estimate’s 

probability distribution. In the example the point estimate (the estimate before 

contingency) has a value of $1 million.  Here the point estimate has a greater than 50% 

probability of being exceeded by the final cost of the project, and thus a positive 

amount of contingency would be added to reflect a 50% probability (or a 50% 

confidence level) of under-run or overrun of the expected final cost (Dysert, 2006: 

EST.01.1).  

 

In this example the accuracy range is expressed as a percentage based on the point 

estimate. Should a contingency be added and the same variables would be applied, 

the situation will alter to the scenario sketched in Figure 3.24. 
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Point estimate $1,0M 

Low range (80$ 
confidence) 

$0,8M 

High value (80% 
confidence) 

$1,4M 

Estimate range (before contingency) 
 -20% to +40% 

 

Figure 3.23 Estimate accuracy range around the point estimate 

Source: Dysert, 2006: EST.01.1 
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Figure 3.24 Estimate accuracy range around the estimate including contingency 

Source: Dysert, 2006: EST.01.1 
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As should be expected, estimate accuracy tends to improve (i.e. the range of probable 

values narrows) as the level of project definition improves. Should this statement be 

compared to the AACE’s classification of estimates, where increasing levels of project 

definition are associated with moving from Class 5 estimates to Class 4 estimates and 

eventually to a Class 1 estimate, accuracy can be directly linked to estimate 

classification. Figure 3.25 demonstrates this point. 

 

Lukas (2006: EST.03.1) proposes four main factors that influence estimate accuracy 

making it a poor quality estimate. They are 

 

• lack of scope definition, 

• poor communication, 

• unrealistic client expectations, and 

• optimistic team members. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.25 Estimate accuracy improves as the level of project definition 

improves 

Source: Dysert, 2006: EST.01.1 
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Lukas (2006: EST.03.4) proposes the following tools to improve the accuracy of an 

estimate: 

 

• Make sure the estimate matches the work breakdown structure. 

• Do not allow over-optimistic persons to influence the estimator. 

• Never estimate alone. Multiple opinions and views make for better 

estimates. 

• Use risk analysis tools to help determine the potential estimate range and 

the appropriate amount of contingency to be included. 

• Watch the level of precision used for the estimate total. Reflecting too exact 

a number implies a high level of precision, which probably does not exist 

within the estimate. 

• Document assumptions and exclusions. 

 

Lukas demonstrates in Figure 3.26 how the accuracy of the estimate increases as the 

estimate type changes to more detailed estimates as the project progress. This also 

ties-in with Dysert’s illustration in Figure 3.25 that refers to the classification of the 

estimates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.26 Estimate accuracy is dependent on the amount of project definition 

Source: Lukas, 2006: EST.03.2 
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6.6 Structuring the estimate 

 

The control structure for a project is the breakdown of the total work into manageable 

units or packages for the purpose of estimating and control of cost and schedule (Biffi, 

2008: TCM.02.1). The structure will vary with the size and complexity of the project, as 

well as the reporting requirements (Bender, 2006: 3). The proper structuring of a 

project for control purposes contributes greatly to the effective implementation of 

project control procedures and the success of the project itself (Biffi, 2008: TCM.02.3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.27 Project cost control system 

Source: Al-Reshaid et al., 2005: 353 
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The basics of project cost control have been discussed in Chapter 2 but Tang, Wang 

and Wang (2007: 1564) and Fleishman (2004b: CSC.09.2) comment on the importance 

of cost control and the proper structuring thereof and how it affects project success. 

Fleishman (2004b: CSC.09.2), Kern and Formoso (2006: 76), Dow (2004: 7) and 

Bredenhoeft (2005: EST.08.4) comment on the use of certain tools to perform cost 

control of which the proper structuring of the estimate is one. Al-Reshaid, Kartam, 

Tewari and Al-Bader (2005: 353) illustrate a typical project cost control flow diagram in 

Figure 3.27. It is important to note the structure and sequence of the project cost 

control system since the estimate will have to be built and expanded with this in mind. 

 

To maintain some kind of order in the estimate (and later in project execution), it is 

necessary to segregate costs into various categories: 

 

• Material and labour costs versus subcontracts. 

• Direct costs versus indirect costs versus home office costs. 

• Concrete versus structural steel versus piping versus other construction 

disciplines. 

 

The control structure should be established as early as possible in the project life cycle 

(Biffi, 2008: TCM.02.1) because it will set the pattern for accumulation of project costs, 

and it should be used to form the basis for the structuring of the estimate. The process 

producing the project control structure, often known as work breakdown planning, is an 

ongoing process requiring updates as the scope of the project is refined during the 

project life cycle. The segregation of costs can be referred to as establishing the project 

“coding” structure, or more specifically, the “code of accounts”. 

 

Verveniotis (2008: PM.02.2) points out that larger projects normally will make use of a 

work breakdown structure (WBS) as well as resource breakdown structures (RBS) as 

components of the overall coding structure. Smaller projects will use a simpler code of 

accounts based on the disciplines or construction trades used in the project. The WBS 

and RBS are basic project management tools that define the project along activity 

levels that can be clearly identified, managed and controlled (Nachtmann & Al-Rifai, 

2004: 225). Verveniotis (2008: PM.02.2) states that the WBS is the division of the 

project, for the purpose of management and control, into sub-projects according to its 

functional components. The WBS was discussed earlier in this chapter. Dysert (2004: 

9.24) demonstrates the WBS and RBS in Figure 3.28 and Figure 3.29 respectively. 
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Valle-Riestra (1983: 623) demonstrates a portion of a code-of-accounts in Table 3.5. In 

this case the 700 code series is reserved for the category of instrumentation. Most 

companies have their own standard code-of-accounts which can be adopted for each 

new project. In this case the code 722, for instance, represents control valves. These 

codes can be fairly detailed. Dysert (2004: 9.24), for instance, demonstrates how the 

labour for a concrete pouring exercise can be coded. He used this example: 01-02-C-2-

003-1, which translates to (onsite-hydrocracker-construction-concrete-pour-labour). 

The coding structure must reflect the manner in which the project will be executed and 

the way in which costs can reasonably be expected to be collected (Verveniotis, 2008: 

PM.02.2). Estimates should therefore be structured to match the specific organisation’s 

code-of-accounts (Chua & Godinot, 2006: 67). 

 

Project 

Onsites Offsites 

Crude 
unit 

Hydrocracker Utilities Storage 

Areas 

Units 

Figure 3.28 Simple work breakdown structure (WBS) 

Source: Dysert, 2004: 9.24 
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700-00 Instrumentation 

 
 

Activity 
code 

 
Description 

700-10 Design calculations 

700-20 Specifications – general 

700-30 Vendor correspondence 

700-40 Enquiries 

700-50 Operating instructions and start-up 
data 

700-60 Correspondence – general 
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Figure 3.29 Simple resource breakdown structure (RBS) 

Source: Dysert, 2004: 9.24 
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711-00 Graphics 

712-00 Control computer 

713-00 Management information computer 

714-00 Input terminal 

715-00 Printer 

716-00 Video terminal 

717-00 Modems 

718-00 Air supply set 

719-00 Orifice meter run 

720-00 Valve manifolds 

721-00 Relief valves 

722-00 Control valves 

723-00 Regulators 

724-00 Piping 

725-00 Wiring 

726-00 Supports 

727-00 Installation 

728-00 Painting 

729-00 Testing 

 

Table 3.5 Excerpt from a typical code-of-accounts 

Source: Valle-Riestra, 1983: 623 

 

6.7 Estimate review 

 

The estimate is a prediction of the expected final cost of a proposed project. By its 

nature, an estimate is associated with uncertainty, and, therefore, is also associated 

with a probability of overrunning or under-running of the predicted cost (Dysert, 2004: 

9.27). Leo and Knotowicz (2005: EST.05.1) point out that many companies do not 

necessarily rely on in-house estimating practices or services. Businesses are seeing 

their estimates being generated by a variety of sources. Some are done by centralised 

in-house estimating groups, others by groups at its international site or by a never-

ending array of contractors (Hewitt, 2008: INT.05.1) Furthermore, estimates are 

generated in a variety of formats with a great degree of variability with regards to detail 

and clarity (Sonmez, 2005: EST.07.1).  
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The need for standardised estimating requirements to put a review process in place 

has long been realised. By doing this, the project team can review the project 

deliverables and estimated costs before the project is approved for execution. 

Estimates are checked to make sure that it is complete, accurate and generally ready 

to use as a project control baseline (Richards, 2006: EST.15.1). 

 

Shirley and Banks (2007: EST.11.1) report on the estimate review process when 

involved in high-cost, high-risk projects. According to Ferrao (2004: 1) this refers to 

projects in excess of $100 million based on low technology levels. Experience shows 

that subjecting high-dollar cost estimates to a review process adds assurance that the 

overall estimate, assumptions, and the underlying data are verifiable and credible, at 

least at the point in time. Figure 3.30 shows how estimate reviews by management 

have altered initial estimated final costs. Shirley and Banks (2007: EST.11.1) 

conducted research on changes to estimates due to management reviews and the 

findings of four large size projects are shown in Figure 3.30. 

 

6.7.1 The review process 

 

A defined estimate review process makes good business sense and should be 

implemented in every estimating department (Leo & Knotowicz, 2005: EST.05.2). In 

order to conduct a review of a project estimate, certain project deliverables are 

requested from the estimator. Information with regards to the estimate should be 

available so that the reviewer can determine if the estimate is of sufficient quality to 

satisfy its independent purpose. A written “base of estimate” is a critical component of a 

cost estimate because it highlights what the estimate does or does not contain. Without 

this information, it becomes difficult to perform change management to control costs 

(Arain & Pheng, 2005: 4). Basis information needs to include the following: 

 

• General overview: Provides a brief overall description of the facility or 

project. 

• Scope description: This section should provide greater detail about each 

major segment of the project 

• Execution strategy: This describes the general construction philosophy to be 

utilised for the project. 

• Allowances: The level and types of allowances used in the estimate should 

be noted. 
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• Exclusions: What is excluded from the estimate is just as important as what 

is included. 

• Assumptions: Any other assumptions not identified elsewhere in the basis 

should be noted. 

• Exceptions: Any pre-determined project deliverable not available will be 

recorded. 

• Contingency: The amount of contingency included and the method utilised 

to determine the contingency should be documented. 

• Reference documents: A list of the information used to prepare the 

estimate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Jambhekar and Weeks (2007: OWN.02.3) report on the estimate review process and in 

particular on the challenges it poses to the project team. Figure 3.31 demonstrates how 

the development of a schedule and cost estimate is related to the steps taken by the 

owner to complete the estimate review. 

 

To conduct the review an understandable project estimate utilising an agreed upon 

code of account type structure is necessary. Leo and Knotowicz (2005: EST.05.2) refer 

to the following items that can be used to easily identify and benchmark costs: 

 

• Administration/home office costs. 

• Engineering costs. 

 

Figure 3.30 Percent change in estimates due to management reviews 

Source: Shirley and Banks, 2007: EST.11.1 
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• Major equipment costs. 

• Installation costs. 

• Investigation costs. 

• Software costs. 

• Debug costs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Organising estimates in this kind of systematic procedure provides a means for 

identifying costs incurred in the execution of the project. Furthermore, this method 

allows estimates to be benchmarked against actual costs of similar type projects during 

the review process. Bredenhoeft (2005: EST.08.5) illustrates the estimate-review 

(validate)-approval process by means of a flow diagram in Figure 3.32. 

 

To understand the estimate content, the reviewer will need a list of all relevant 

drawings, sketches, specifications, equipment lists, design basis of estimate and 

engineering/design costs (Bain, 2008: Financial Mail – 12 September). It is important to 

understand how the project contingency was determined. Did the team perform a 

formal risk analysis on the project to determine the probability of overrunning specified 

estimate values? Contingencies are too often added to an estimate by a “gut feel” 

approach rather than an approved statistical methodology. More information on 

contingency allowances will follow. Benchmark evaluations comparing key project 

 

Figure 3.31 Estimate review process for a full-funding decision 

Source: Jambhekar and Weeks, 2007: OWN.02.3 
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estimate ratios and factors against actual project histories need to be presented and 

reviewed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.7.2 Conducting the actual review 

 

Estimates are presented in different ways by various parties. Some estimates have too 

little information and some estimates too much. In an effort to provide a degree of 

estimate clarity and consistency, a series of tools can be used. 

 

6.7.2.1 Estimate summary worksheet 

 

The first tool to assist the estimate reviewer is the estimate summary worksheet that 

can be viewed in Addendum B (Leo & Knotowicz, 2005: EST.05.2). Cost information is 

summarised on a relatively high level into a code of accounts format. This allows the 

estimate reviewer to easily see cost totals for items such as engineering, purchases 

and constructions and how they relate to the total project cost. The cost of procurement 
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Figure 3.32 Cost estimate-review (validate)-approval process 

Source: Bredenhoeft, 2005: EST.08.5 
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should relate to the engineering and installation costs. The summary level report will 

enable the review process to benchmark the estimate against other similar estimates. 

 

6.7.2.2 Project team “basis of estimate” report 

 

As previously mentioned, the “basis of estimate” report is critical and needs to be 

provided in order to understand the cost basis of the estimate. This report needs to 

highlight what the estimate does and does not contain. Too often projects get into 

trouble because of incorrect assumptions as to what the estimate costs represent. This 

document basically puts the amounts of the estimate into words (Jambhekar & Weeks, 

2007: OWN.02.3). 

 

6.7.2.3 Cost estimate review and benchmarking report 

 

This report is the basis for the actual review of the estimate. The main contents of what 

should be included in such a report are clear scope definition, risk analysis and 

benchmarking. Scope definition for conceptual estimates is different from that of semi-

detailed and detailed estimates (Leo & Knotowicz, 2005: EST.05.2). A detailed 

estimate that is loaded with cost allowances would require a great deal of explanation. 

Exceptions to the scope should be reviewed and suggestions for possible 

improvements should be offered. Any technical deliverables that are not available 

should be noted. Major mechanical equipment, electrical and instrumentation 

components need to be double checked and any adjustments to allowances and 

contingencies must also be double checked. Benchmark ratios for similar projects will 

be used to compare with the estimate. Through the use of a defined estimate review 

process, the estimator can ensure that high quality estimates are prepared that will 

support the decision-making process for capital projects. 

 

6.7.3 Estimate review challenges 

 

Chuong (2007: EST.07.3) comments that in the current dynamic global market, cost 

engineering professionals face unprecedented challenges in cost estimation. Similar 

challenges are encountered during project estimate review (Creech, 2005: PM.16.1). 

These challenges include the following: 

 

• High crude oil prices affecting the capital project market. 

• Increase in material prices (steel, copper, etc.) 
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• Increase in day rates of offshore vessels. 

• Volatility in foreign currency exchange. 

• Local content requirements. 

• Limited contractor pool in certain areas. 

 

6.8 Engineering/design review 

 

Shah et al., (1996: 348) describe the importance of engineering history. This history 

can be very helpful when pricing engineering projects and can also be of help when 

assessing the estimated cost for a future project (Struts & Griffis, 2005b: 56). The main 

purpose of the engineering review is to evaluate the scope of work. The first objective 

of such a review is to make sure that the engineering deliverables have not been 

misunderstood and that the plant is designed to meet the client’s objectives (Baskaran, 

Ham & Lei, 2006:1 170). It is especially when late changes to the engineering drawings 

have occurred that the estimator should make sure that the estimate is based on the 

latest drawing revisions (Kirkham, 2005: 9).  

 

The cost of mechanical equipment will have a major influence on the equipment list 

used. This is also an important consideration as equipment prices are in most cases 

the driving factor of plant costs (Maples, Greco, Heady & Tanner, 2005: DEV.05.1). 

Any queries that the estimator has regarding the project scope have been asked by this 

stage, but the estimator can clarify any specification or drawing details during this 

review (Whiteside, 2005: EST.04.2). 

 

6.9 Estimating resources 

 

Reliable estimate preparation depends on good information and in particular on good 

historical information (Marx, 2004: 2). Dysert (2004: 9.32) describes some of the 

additional information, besides the engineering and design information, needed to 

quantify the scope of the project: 

 

• Conceptual estimating factors. 

• Material cost and pricing information. 

• Labour work hour charts and information. 

• Labour productivity information. 

• Labour wage rates, composite crew mixes, etc. 
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• Other estimating factors and information. 

 

Normally estimating guidelines and procedure manuals will be used to promote 

standard estimating methods and procedures. In-house cost history manuals will 

provide historical cost data for completed projects (Musgrove, 2008: EST.07.2). 

Engineering and design manuals will be used to identify specific materials of 

construction, and all related labour operations required to complete the scope of work. 

 

Completed projects should be documented by means of a post-mortem final job report 

covering everything about the project from design considerations to construction 

execution strategy and to cost summaries (Humphreys, 2007: 10). Estimators 

continually rely on historical project information and cost data in the preparation of new 

estimates. Together with this information, the estimator will also rely on computer 

software (either in-house developed or from commercial sources). Karshenas (2007: 

IT.06.1) and Masmoudi et al., (2005: 299) demonstrate how specialised computer 

software can be integrated into existing design packages to assist the estimator while 

Richards (2005: EST.12.1) cautions estimators on the use of computers in estimating 

even though it can be of great assistance. Inconsiderate use of formulas or the lack of 

appropriate formulas can lead to gross mistakes. 

 

7.0 SUMMARY 

 

Cost estimating is by no means an exact science. The estimate is a prediction of the 

expected final cost of a proposed project. By its nature, an estimate is associated with 

uncertainty and therefore is also associated with a probability of overrunning or under-

running of the predicted cost. 

 

To perform an estimate the estimator should be well versed in the different types of 

estimates and their uses. He should understand the scope of work and should ask the 

right questions when it comes to scope clarification. Scope definition should in fact be 

considered the most important aspect of estimate success and the estimator must 

make sure that enough time is spent on understanding the scope to have sufficient 

information to rewrite the scope of work in terms of cost. 

 

Even though the scope of work is a major component in the estimate process, there 

are several other factors influencing the estimate accuracy (Schottlander, 2006: 

EST.17.2). Whether they are external or internal factors, these items should be 
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reviewed and allowances should be made accordingly. Each project differs and certain 

factors which might not have had a significant influence on previous projects may now 

be important and carry major costs. All estimating tools are therefore useful to some or 

other extent. 

 

Estimating principles and procedures will have to be followed in order to proof the 

hypothesis of this study. Although detailed estimates provide a more accurate estimate 

for management to use, there is not always time to perform such an estimate or the 

information required to do such an estimate is not yet available at that stage of the 

project. This is especially true in the case of financial forecasting. Well-balanced 

conceptual estimating methodologies will therefore be more useful when evaluating 

financial forecasts.  

 

Conceptual estimates are typically used for low level accuracy estimates to assist 

management in early stage decision-making. These estimates are often referred to as 

“order-of-magnitude” or OOM estimates in reference to their typical wide range of 

estimating accuracy. The following chapter will investigate the spirit of the conceptual 

estimate and will discuss the methodologies and uses of these estimates. Specific 

focus will be placed on factored estimates, as this will be the estimate type used in 

proving the hypothesis. 
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CHAPTER 4 

 

CONCEPTUAL COST ESTIMATING METHODOLOGY 

 

1.0 INTRODUCTION 

 

Kinney and Soubiran (2004: EST.15.1) state that it is accepted practice throughout the 

petrochemical industry to make important business and design decisions early in the 

evolution of the project. Engineering and construction professionals are under 

increasing pressure to build more efficient chemical process plants at lower costs 

(Uher, 1996: 85). To that end, significant demand exists for cost professionals to 

develop a work method designed to proactively support increased consistency and 

accuracy in the development of conceptual cost estimates much earlier in the evolution 

of a project. Conceptual estimates are also referred to as “Order-of-Magnitude” 

estimates and usually take form in a Class 4 or 5 estimate. Refer to Chapter 3 for more 

information on estimate classification. 

 

The importance of early cost establishment of project costs has been discussed earlier 

in this study. The result is that the ultimate costs of a project are influenced by those 

early decisions made during the process-design stage of a project (Abi-Karam, 2004b: 

PM.04.2). To optimise those early decisions, cost estimates should be developed in the 

early stages of design evolution (Ahcom, Uddin & Shash, 2006: EST.26.2). The 

conceptual estimate is ideally intended to reflect the full impact of those early decisions 

(Anonymous, 2008h: 21). 

 

While realising that the method of creating a conceptual estimate is an art and not an 

exact science, the accuracy and completeness of a conceptual estimate becomes 

crucial to making cost-effective decisions earlier in the development stages of a project 

(Li, Shen & Love, 2005: 440). Kinney and Soubiran (2004: EST.15.1) indicate that 

when 80% of costs are committed, only a limited portion of the engineering is 

completed. 

 

Kinney and Soubiran (2004: EST.15.1) indicate that the conceptual estimate supports 

budget and business development and resource planning by: 

 

• Establishing a budget and cash flow for funding decisions, screenings and 

approvals. 
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• Optimising resource utilisation. 

 

Serpell (2005: EST.13.1) indicated that conceptual estimates support engineering and 

design development by: 

 

• Identifying completeness of process design and clarifying the project scope. 

• Providing the basis for value engineering, feasibility studies and design 

changes. 

• Developing design and construction schedules. 

• Highlighting process design decisions and associated risks. 

 

Conceptual estimates are generally based on little project information, for instance 

engineering deliverables, thus subjecting them to a wide range of estimate accuracy. 

According to Serpell (2005: EST.13.1), their accuracy can depend on several factors, 

including the level of project definition, the quality of the past historical cost data 

(Pickett & Elliott, 2007: EST.02.1) in development of the factors and algorithms, as well 

as the judgment and experience of the estimator. These limitations should be 

recognised in using conceptual estimating methods. Nonetheless, there can be cases 

where conceptual estimates can be very reliable, especially in estimating repeat 

projects (Sonmez, 2004: 677). Generally, the emphasis with conceptual estimating is 

not on detailed accuracy, but on obtaining a reasonable cost estimate of sufficient 

accuracy to ensure that the results are meaningful for management to make the 

decision at hand (Dysert, 2008: EST.03.1). 

 

The development of the initial conceptual estimate is only one step of many in 

expanding an interactive process of communicating the cost, scope, and schedule risks 

inherent in early process designs (Serpell, 2005: EST.13.1). Even though the quality 

and level of design definition developed during the conceptual stage of design is 

sufficiently accurate for feasibility studies and alternative analysis, it is not sufficiently 

accurate to make full funding decisions and investments without incurring substantially 

more risk than most corporations are willing to accept (Humphreys, 2004). 
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2.0 ROADMAP TO CONCEPTUAL COSTS ESTIMATING 

 

The conceptual estimating process is composed of a multitude of information formats. 

Kinney and Soubiran (2004: EST.15.1) describe six steps towards successful 

conceptual estimating. These steps are as follows: 

 

• Develop an estimating plan. 

• Develop major equipment costs (MEC). 

• Apply factored costs. 

• Develop quantified costs. 

• Develop indirect costs. 

• Analyse risks, apply contingency and finalise estimate. 

 

Failure to plan the estimate almost always results in failure to communicate many of 

the critical aspects of the design that are revealed during the development of the 

conceptual estimate (Termini, 2003: 47). Planning of the conceptual estimate (Step 1) 

is illustrated in Figure 4.1. 

 

Figure 4.2 demonstrates Step 2 of the process for the pricing of major process 

equipment. The purchase cost of many types of major process equipment can be 

estimated at the conceptual stage by using historical actual costs (Kaka, 1999: 256). 

Early in the conceptual stages a list of major process equipment is developed from the 

Process Flow Diagrams (PFD’s) (Uppal, 2007: EST.03.2). Normally the equipment list 

consists of four line items which include a description, design capacity, material of 

construction and design temperature and pressure (Louw, 2002: 52). 

 

An internal database of previous purchased costs is useful as a tool to validate prices 

from other sources (Shah et al., 1996: 347). When possible, do not make use of vendor 

prices too early in the project. Early quotes are usually less accurate than historically 

based costs, but can be useful in assessing market trends (Abi-Karam, 2004: 

DEV.04.1). 
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Step 1 

4-Line equipment 
lists 

Equipment layout 
sketch 

Process flow 
diagrams 

Owner’s business 
and project 
objectives 

Standard estimating 
receivables and 

deliverables guidance 

Identify specific 
project  

considerations 
and deliverables 

Identify and notify 
Project Team of 

resources needed to 
develop the estimate 

Begin to develop the 
cost estimate in a 

common electronic 
format 

Continue to Step 2 

Develop a plan 

Figure 4.1: Step 1 in the conceptual estimate process: Develop a plan 

Source: Kinney and Soubiran, 2004: EST.15.4 
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Step 2 

Specialised software 

Historical costs and 
Tools 

Major process 
equipment. Prices from 
credible sources 

4-Line specifications for 
Major Equipment Lists 
(verified against PFD’s) 

Assess and apply 
“best reasonable cost” 

for each piece of 
Equipment Is a “reasonable” cost 

available from internal 
sources? 

Continue to Step 3 

                                           Develop Major Equipment Costs (MEC) 

Continued from Step 1 

Acquire and evaluate 
Vendor Budgetary 
quote and insert in 

estimate NO 

Input major equipment prices into 4-Line Major 
Equipment List 

On a separate spreadsheet, assess and apply design allowances for 
normal growth, short term spare parts, and uninstalled spares 

YES 

Prepare a tally of MEC’s and 
piece count sorted by price 

source 

Figure 4.2: Step 2 in the conceptual estimate process: Develop Major 

Equipment Costs (MEC) 

Source:  Kinney and Soubiran, 2004: EST.15.5 
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Figure 4.3 illustrates the development of the construction and site (field) installation 

elements of the “total installed cost” for the major process equipment which will be Step 

3 – the application of factored costs. “MEC factors” are cost multipliers applied to the 

Major Equipment Costs (MEC) to obtain a Total Installed Cost (TIC) (Noor, Grumo, 

Kniskern & Kopach, 2006: OWN.05.2). MEC factors consist of the cost for bulk 

commodities (materials), direct field labour to install the equipment and the bulks, and 

indirect cost such as engineering, project staffing and construction equipment. The 

MEC factors can range from a multiplier as little as 2 for skid mounted equipment to a 

multiplier of 20 for very small bench-top scale complex equipment. 

 

Musgrove (2008: EST.07.2) points out that the most accurate cost factors are cost 

models created by collecting and using historical cost data. These can be accurate to ± 

10% if developed and applied properly. Table 4.1 shows a table of commonly used 

MEC factors and breakdowns. These factors are limited to In-Side Battery Limits (ISBL) 

and do not capture any Outside Battery Limits (OSBL) cost for infrastructure or utilities. 

Normally ISBL includes concrete foundations, structural supports at grade (not 

elevated), pipe to the nearest header, local instruments and controls, cabling to the 

nearest junction box and insulation (Kinney & Gauche, 2006: EST.14.1). To properly 

use factors it is important to have a clear understanding of what is included in the 

factors (Kapetanios & Marcellino, 2009: 208). Factors can be impacted on equipment 

size (capacity), material of construction, pre-fabrication, market conditions, and 

horizontal and vertical layout. 

 

Figure 4.4 illustrates the fourth step in conceptual estimating – the development of non-

process and infrastructure elements of a project. OSBL cost factors, at the conceptual 

stage, are usually historically based costs of similarly constructed plants. However, 

OSBL costs are impacted by pre-investments in existing infrastructure and utilities. 

 

For a higher degree of accuracy, the OSBL scope should be conceptually quantified 

(Serpell, 2005: EST.13.5). Table 4.2 illustrates this statement. This table shows 

“assemblies” rather than detailed single line items. The design in the OSBL area 

normally changes quite significantly in the conceptual stage of the project. It is 

therefore not wise to prepare detailed estimates of the OSBL area at this stage. OSBL 

typically includes pipe racks outside the process area for vertical and horizontal 

separation between the production processes, control building and equipment isolated 

from production processes, treatment systems, packaged systems, etc. (Kinney & 

Gauche, 2006: EST.14.1). Budgetary quotes can be used on OSBL assemblies, but 
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only with caution. Budgetary quotes are never totally complete. The estimate should be 

adjusted to allow for these incomplete items.  

 

 
Major Process Equipment Cost Factors for Bulk Commodities and Direct Field 

Labour (Process capitalised costs only) 

 
 
Major Equipment Item 

 
Range of 
Factors 

 
Suggested 

Factors 

 
(CS) MEC 

 
Bulks 

 
DFL 

 
AIR – Air Coolers 

 
1.7 – 2.1 

 
1.70 

 
1.00 

 
0.96 

 
0.74 

 
ATR - Agitators 

 
1.1 – 2.0 

 
1.10 

 
1.00 

 
0.62 

 
0.48 

 
BLT – Belt Conveyors 

 
1.7 – 2.2 

 
1.70 

 
1.00 

 
 0.96 

 
0.74 

 
ATR - Blenders 

 
1.6 – 2.0 

 
1.60 

 
1.00 

 
0.91 

 
0.69 

 
BLO – Blowers & Fans 

 
1.1 – 2.2 

 
1.10 

 
1.00 

 
0.62 

 
0.48 

 
BOI – Boilers (Design & Fabricate) 

 
0.75 – 2.3 

 
0.90 

 
1.00 

 
0.51 

 
0.39 

 
BKL – Bucket elevators 

 
1.8 – 2.2 

 
1.80 

 
1.00 

 
1.02 

 
0.78 

 
BUL – Bullets (Pressure) 

 
0.9 – 2.5 

 
0.90 

 
1.00 

 
0.51 

 
0.39 

 
CNT – Centrifuge 

 
1.2 – 1.9 

 
1.50 

 
1.00 

 
0.85 

 
0.65 

 
COL – Columns 

 
1.3 – 2.6 

 
2.00 

 
1.00 

 
0.74 

 
0.56 

 
CMA – Compressors - Air 

 
1.2 – 2.3 

 
1.30 

 
1.00 

 
0.74 

 
0.56 

 
CMR – Compressors - Centrifugal 

 
0.9 – 2.1 

 
1.10 

 
1.00 

 
0.62 

 
0.48 

 
CTP – Cooling Tower Package 

 
0.6 – 3.9 

 
0.91 

 
1.00 

 
0.38 

 
0.53 

 
CRU – Crushers and Mills 

 
1.6 – 2.1 

 
1.60 

 
1.00 

 
0.91 

 
0.69 

 
CYC – Cyclones 

 
1.5 – 2.1 

 
1.50 

 
1.00 

 
0.85 

 
0.65 

 
DEM – Demineralisers (Ion exchange) 

 
1.3 

 
1.30 

 
1.00 

 
0.74 

 
0.56 

 

Table 4.1: Commodity used MEC Factors and Breakdowns 

Source:  Kinney and Soubiran, 2004: EST.15.6 
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Step 3 

Multiply MEC’s by “Specific Process 
MEC Factors” that are based on 

historical cost models 

Combine all 
equipment costs with 
the factored bulks and 

labour costs in one 
spreadsheet 

Common OSBL 
factors 

Continue to Step 4 

                                                                        Apply Factored Costs 

Continued from Step 2 Priced Major 
Equipment List 

Recommended “MEC Factors” 
for Equipment Bulks and 
installation costs 

If specific cost models are not 
available, multiply MEC’s using 
standard or industry published 

factors 

For Order of Magnitude 
Estimates, apply 
applicable OSBL 

Factors to estimated 
ISBL costs. 

For Conceptual 
Estimates, the OSBL 

scope must be 
conceptually quantified 

ISBL or 
OSBL? 

Tally all equipment costs 
with the factored bulks and 

labour costs in one 
spreadsheet 

Figure 4.3: Step 3 in the conceptual estimate process: Application of factored 

costs 

Source:  Kinney and Soubiran, 2004: EST.15.6 
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Conceptual (+/- 3%) unit prices for Process Plant construction costs (USD$)  
(Note: these costs do not include design, engineering or contingency.) 

  
US Gulf Coast based costs 

 

Element of Cost 

 

Pricing basis 

 

Unit of 

measure 

 

Furnish price 

 

Install price 

Furnish 

and 

install 

price 

 

Pipe Rack – Loaded: 

     

 

Single tier – TEE 

8’ Wide x 16’ tall, Ptd CS. 25’ 

span (2,5m x 5m) @ 7,5m OC) 

 

LF 

 

$180 

 

$140 

 

#320 

 

2-Tier Pipe Rack 

8’ x 16’ t w/mild beam, Ptd CS, 

25’ span 

 

LF 

 

$310 

 

$240 

 

$550 

 

3-Tier Pipe Rack 

24’ x 24’ w/2 mild beam, Ptd 

CS, 25’ span 

 

LF 

 

$500 

 

$400 

 

$900 

 

Rack loading - Adder 

Adder per Tier for 6 ea 6” dia 

(150) pipe plus 6 ea 1” dia (25) 

CS pipe for cable tray 

 

 

LF 

 

 

$310 

 

 

$250 

 

 

$560 

 

Road bridge 

 

30’ wide x 35’ tall (9m x 11m) 

under clearance 

 

 

Each 

 

 

$10,000 

 

 

$10,000 

 

 

$20,000 

 

Table 4.2: Conceptual unit costs (assemblies) 

Source:  Kinney and Soubiran, 2004: EST.15.7 

 

The design and project execution costs are captured in the fifth step on the roadmap to 

conceptual estimating. This is illustrated in Figure 4.5. At this stage an estimate basis 

document should be developed. This document should include the following 

information: 

 

• A brief scope statement. 

• The 50/50 estimate and range. 

• A single cost summary page. 

• A list of major exclusions and assumptions. 

• A list of allowances for known but unquantified and/or undefined scope. 

• Project design and execution concerns. 

• Identify project resources used to create the estimate (documents and 

people). 

• MEC price source/analysis. 

• Cost basis (factors used) with adjustments for time and plant location. 
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• Critical and major schedule milestone dates. 

• Reconciliations to previous estimates. 

• Reviews and validations of the cost estimate. 

 

A staffing plan is required and should be based on a list of deliverables and hours with 

associated rates. Engineering costs are typically broken down as “Expense” or 

“Capital” costs and can be included in the conceptual cost estimate using typically 

industry benchmarks if better historically based cost information is not available. 

 

Probably the most important step in the roadmap to conceptual estimating is the 

assessment of project risks, review cycles and the finalisation of the cost estimate 

(Singh et al., 2007: 20). Figure 4.6 illustrates this step. An important part of this step is 

the development of an undefined sum of money, or contingency amount, to be included 

in the estimate as a risk buffer (Gunham & Arditi, 2007: 495). More detail on 

contingency development will follow later in this study. 

 

At this stage of the discussion on conceptual estimates it should, however, be noted 

that the contingency should only be applied for “changes that experience shows will 

likely be required”. It is for known, non-quantifiable, but statistically proven unknowns 

and uncertainties (known unknowns). Most importantly, the contingency is not a tool for 

capturing incomplete or inadequate scope (Burroughs & Juntima, 2004: EST.03.2). 
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Step 4 

Horizontal and vertical site lay-
out sketches 

Identify project 
drivers and 

applicable major 
milestones 

Project 
schedule 

Continue to Step 5 

                                                                   Develop quantified costs 

Continued from Step 3 

Project scope 
documents 

Comprehensive scope 
development check 
lists 

Identify all elements 
of the project that 

are NOT ‘Captured” 
in the MEC Factors 

Local taxes 

Create a single 
collection tally of all 

estimate work sheets 

Apply factors to localise 
“standardised” costs for 

anticipated timing, project 
conditions, and special 

considerations 

Conceptual unit prices 

Analysed vendor quotes 

Internal historical costs or 
blanket purchase orders Develop conceptual 

quantity surveyor’s 
MTO from sketches for 

input in put into 
spreadsheets 

Apply reasonable 
“standard” material 

and labour unit costs 
to conceptual 

Subtotal all 
estimated 

costs 

Local market 

Heavy constr. equipm 

Special permits 

HSE access requirem 

Insurance 

Project labour factor 

Figure 4.4 Step 4 in the conceptual estimate process: Develop quantified costs 

Source: Kinney and Soubiran, 2004: EST.15.9 
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Step 5 

Contractor 
Engineering for 

capital costs, use 
costs from similar 

projects 

Continue to Step 6 

                                                                       Develop indirect costs 

Continued from Step 4 

Contractor Engineering 
For expense costs, 

obtain a quote for the 
next stage of design. 

 

Owner’s Engineering 
For expense costs, assess 

specific  staffing 
requirements and costs 

Start-up & commissioning 

Regulatory permits 

Information systems 

Owner eng & management 

OSBL Engineering 

ISBL Process design 

Functional task analysis 
from Project Team as 

required 

Capture all preliminary, 
contractor and Owner 

Engineering in 
Estimate tally sheet 

Summarise all 
costs in a single 

sheet The cost estimate must 
confirm the scope, not 

define the scope 

Figure 4.5 Step 5 in the conceptual estimate process: Develop indirect costs 

Source: Kinney and Soubiran, 2004: EST.15.10 
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Step 6      Analyse risks, develop contingency, and finalise the estimate 

Continued from Step 5 

Assess and apply 
allowances for identified but 

unqualified elements of 
scope 

Thoroughly review all ‘final” 
project documents 

How bad 
can it get? 

How good 
can it get? 

Apply contingency based on 
confidence levels of scope cost 

and schedule in each of the 
major areas of cost 

Are the contingency levels 
and project risks 

acceptable? 

Complete the estimate tally and 
summary form 

Go back and refine 
the scope further 

If the estimate total costs exceed preset 
corporate thresholds, the cost estimate 

must pass quality gate reviews and 
validation prior to use as a basis for 

optional business decisions 

YES NO 

Figure 4.6 Step 6 in the conceptual estimate process: Analyse risks, develop 

contingency, and finalise the estimate 

Source: Kinney and Soubiran, 2004: EST.15.11 
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Noor and Tichacek (2004: RISK.04.1) state that some of the contingency predictability 

issues to consider will include the following: 

 

• Normally engineering design at conceptual stage includes for first pass 

equipment sizing at 100% and not 100% plus final equipment duty and 

sizing. 

• Design detail assumptions and design allowances. 

• Rework (identified as design and field change orders occur on every 

project). 

• Complexity of design, particularly for new technology or even retrofits. 

• Methods, motivations and biases during the development of the scope and 

the cost estimate. 

• Inaccuracies, omissions and misunderstandings of the early engineered 

design. 

• Mistakes using a complex set of calculations 

• Accuracy of historically based “actual” cost data used in the estimate. 

• Planning, project execution and contracting strategies. 

• Mistakes in material take-offs, waste allowances, theft, etc. 

• Financial stability of owner/contractor. 

• Weather delays, unplanned bonuses, etc. 

 

2.1 Project escalation 

 

In Chapter 6 of this study project escalation and how it influences the project’s total 

estimated cost is discussed. Hollmann and Dysert (2007: EST.01.2) mention that it is 

important to note that price escalation can be seen as a project risk and should be 

included in the estimate. According to Butts (2007: EST.08.1), the determining of the 

escalation percentage to an estimate is often the subject of fierce debate. He goes on 

to say that cost increases are determined by dynamic relationships between many 

factors, including acts of nature, interest rates, oil prices, global commodity markets, 

wars, wage rates, and the overall health of the economy, as well as supply and 

demand for the required goods or services. Morris and Wilson (2006: CSC.06.2) and 

Hollmann and Dysert (2008: EST.08.2) note similar findings. Accurately forecasting 

escalation rates can play a pivotal role in determining project profitability or project 

viability – especially for large multi-year construction projects (Hollmann & Dysert, 

2007: EST.01.1). The estimator must predict the cost of future goods or services that 
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must be procured in the future, perhaps many years from now (Jackson, 2008: 

INT.S01.2).  

 

Project start date Duration 

days 

Index at start Index at end 

2001-04-17 500 100.0 120.0 

Percent of duration 

between project 

approval and ready 

for operation. 

Construction starts at 

35%. 

Day number Index Payment dates 

0.0 0.0 100.0 2001-04-17 

20.0 90.9 103.6 2001-07-16 

35.0 159.1 106.4 2001-09-23 

37.0 168.2 106.7 2001-10-02 

38.8 176.1 107.0 2001-10-10 

40.0 181.8 107.3 2001-10-15 

42.5 193.2 107.7 2001-10-27 

43.0 195.5 107.8 2001-10-29 

44.0 200.0 108.0 2001-11-03 

45.0 204.5 108.2 2001-11-07 

46.3 210.2 108.4 2001-11-13 

48.0 218.2 108.7 2001-11-21 

50.0 227.3 109.1 2001-11-30 

 

Table 4.3: Escalation index increase as time goes by 

Source: Louw, 2002: 99 

 

Escalation is directly associated with time (Butts, 2007: EST.08.1). The longer any 

contractor stays on site because of factors beyond his control, the greater the risk to 

the employer (Touran & Lopez, 2006: 853). Table 4.3 shows an example of how the 

escalation index increases as time goes by. Should the information in this table be 

illustrated on a cumulative graph, the result will look similar to the graph shown in 

Figure 4.7. 
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2.2 Estimate range 

 

The estimate range is intended to communicate the project team’s level of confidence 

in the completeness of the current scope and the potential for variations in the ultimate 

scope (Noor et al., 2006: OWN.05.1). The range and contingency are collective 

assessments of varying levels of risk (Shaheen, Fayek & AbouRizk, 2007: 325). 

Contingency and risk are reflected in the accuracy range and are very dependent and 

are not disconnected. Maddex (2008: RISK.03.1) states that contingency applications 

impact on the range of accuracy. Table 4.4 shows suggested contingency and ranges 

pertaining to the cost estimate. Also refer to Figure 3.32 in Chapter 3 of this study. 
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Figure 4.7:  Cumulative escalated cash flow 

Source: Louw, 2002: 100 
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“Normal” contingency and range chart (applied against lowest reasonable bid/cost) 
 

Mature technology New technology Retrofit project  
Level of 

estimate 

 

 

 
Contingency 

 
Accuracy 

range 

 
Contingency 

 
Accuracy 

range 

 
Contingency 

 
Accuracy range 

 
OOM 

 
25% 

 
±50% 

 
30% 

 
±50% to 

75% 

 
25% 

 
±50% 

 
Conceptual 

 
20% 

 
±25% to 30% 

 
25% 

 
±40% to 

50% 

 
20% 

 
35% to 40% 

 
Accuracy range is based on a 50/50 chance of cost over/under run 
 

 

Table 4.4:   Suggested contingency and ranges around the cost estimate 

Source :      Kinney and Soubiran, 2004: EST.15.12 

 

A proper conceptual cost estimate starts with planning of the estimate, factoring costs 

and analysing and applying contingency. The most important aspect of conceptual cost 

estimating is the use of proper factors. These factors are most reliable when derived 

from historical cost data and the estimator should differentiate between ISBL and 

OSBL areas. This is necessary because OSBL scope normally consists of typical 

brown field construction work which makes the use of factored quantities and costs 

very dangerous. When the estimate has been completed and the contingency 

allocated, the estimator should also make an allowance for escalation on the project. 

All of this added together will provide the project team with some sort of confidence 

level which will be expressed as an estimate range. 

 

3.0 TYPES OF CONCEPTUAL ESTIMATING 

 

The preceding discussion on conceptual estimating outlined the basis of this form of 

estimating in general. Following these steps one should be able to perform a 

conceptual estimate of average accuracy. To improve the accuracy range of this 

estimate the different types of conceptual estimating should be discussed to 

understand the pitfalls and advantages of each technique (Shekaran, 2008: 12). 
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This estimate form has been briefly discussed in Chapter 3 of this study. The main 

difference between this form of estimating and detailed or deterministic estimating is 

that conceptual estimating normally takes place at the beginning of a project 

(Ashworth, 1996: 6). As construction drawings and specifications generally are not 

available during the early stages of a construction project, conceptual estimating 

normally takes place without the take-off of quantities. Ballentine and Gignac (2008: 

TCM.04.2) state that the level of accuracy of the conceptual cost estimate mainly 

depends on the level of information available and the techniques being used to 

determine the conceptual cost estimate. The accuracy of an estimate at a certain 

information level could be improved by using the proper technique for the available 

data.  

 

Several modeling techniques have been suggested for conceptual estimating including 

probabilistic modeling, regression analysis, neural networks, ratio estimating and 

parametric estimating (Cummins & Jenks, 1989: 15). This study focuses more on ratio 

conceptual techniques, but an understanding of the other methods is also necessary to 

grasp the full extent of this form of plant estimating. 

 

3.1 Probabilistic cost estimation 

 

The most commonly used conceptual estimation techniques stem from the probabilistic 

cost determination of process plants. It is therefore the quickest way for quantifying 

uncertainties included in the early cost estimate. These techniques require historical 

cost data of previous construction projects (Hassanein, 2006: PS.17.02). A probability 

distribution function is selected for the cost data by fitting the data against major 

theoretical distribution functions and comparing goodness of fits. Beta and log-normal 

distributions are normally used, however selecting the distribution function for a specific 

data set may depend on the characteristics of the project data and other distribution 

functions may provide better fits (Sorenson & Lavelle, 2008: 44; Singh, 2007: 29). 

 

Probabilistic cost estimation for construction projects may be performed at different 

levels. As an example for building projects Level 0 may include total cost and Level 1 

may include system level of cost breakdown such as structure, electrical, mechanical, 

etc. If probabilistic cost estimation is done at Level 0, the only data required will be 

historical data of total cost of past projects. The cost of each project could then be 

adjusted for inflation (escalation) and location with the use of historical and location 

cost indices (Touran, 2003: 281). A unit cost ($/m2) could then be calculated with the 
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adjusted cost data set and this data set could be used for selection of the probability 

distribution function. Once the distribution function is selected cost estimates for 

different probabilities can be computed and range estimating can be performed 

(Vargas, 2004: CSC.16.03). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sonmez (2005: EST.07.1) illustrates the working of probabilistic estimating by means 

of an example. He refers to data of 30 building projects which were constructed in 14 

states over a 20 year period that were used to develop range estimates at Level 0 with 

the probabilistic cost estimating technique. Figure 4.8 demonstrates the functioning of 

range estimating which is the invert function of the graph as demonstrated in Figure 

4.9. 

 

A 10% to 90% range estimate for the unit cost ($/m2) has been developed with the 

distribution function selected. Figure 4.9 demonstrates this range. The range estimate 

indicates that there will be an 80% chance that the actual cost will be within the range 

of 687.5 – 940.2 $/m2, and that there is a 10% chance that the actual cost will be lower 

than 687.5 $/m2 and higher than 940.2 $/m2. The range estimate gives an idea of the 

degree of uncertainties included in the estimate. 
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Figure 4.8: Plot of project cost data and fitted probability distribution 

Source: Sonmez, 2005: EST.07.2 
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Probabilistic cost estimation at Level 1 requires detailed statistical analysis. First cost 

data has to be compiled and adjusted for inflation and location at Level 1 and a 

probability distribution function cost of each system such as structure, electrical, 

mechanical, etc. has to be selected. Depending on the characteristics of the cost data 

for each system, different probability functions may provide better fit to the data sets. 

Correlations among cost of each system need to be calculated after selection of the 

probability distribution functions. Considering correlations amongst systems is very 

important for accurate estimation of costs and variations of the cost estimate. Finally 

cost estimating can be performed by use of a Monte Carlo simulation technique 

(Hollmann, 2007a: RISK.03.1). 

 

The bottom line of a model may be a function of hundreds or thousands of uncertain 

variables. A random number based technique, the Monte Carlo Method, may be 

applicable and useful (Vrijland, 2005: DEV.06.1). With modern computers, the 

computing power is available to perform millions of calculations within seconds, which 

makes the use of Monte Carlo simulations practical. Whiteside (2008: EST.04.1) 
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Figure 4.9: Range estimation with probabilistic modeling 

Source: Sonmez, 2005: EST.07.2 

 

20 

40 

30 

50 

60 

70 

80 

90 

100 

Cost < 687.5 
10% 

Cost < 940.2 
90% 



Chapter 4                                                         Conceptual Cost Estimating Methodology 
_____________________________________________________________________                       

 180 

indicates that in the multi-variable case, a mathematical model is developed containing 

all relevant variables, preferably restricted to those with a significant impact on the 

bottom line. Verschoor (2005: RISK.10.1) points out that the model gets calculated 

many times, in every trial assigning a fresh random number based value to each of all 

the input variables. The assigned value will be within the probability range of each 

variable (Vargas, 2004: CSC.16.1). 

 

3.2 Ratio conceptual estimating 

 

Page (1996: xvi) suggests two types of factored conceptual estimating in the 

petrochemical industry. The first method (when properly applied) can produce semi-

definitive estimates with an accuracy range of ± 10%, while the second method relies 

on ratio estimating and is based on the known equipment material value and the 

application of weighted percentage costs for all other items. It produces an estimate 

with an accuracy range of ± 30% (Kwak & Watson, 2005: 1431). 

 

Page (1996: xvii) describes the more accurate “Method One” as a process where major 

discipline quantities are determined, hence the reference of a “semi-definitive” 

estimate, and then cost accordingly. To achieve the desired level of accuracy the 

following information will be required: 

 

• Plant capacity, product form, basic process and raw material. 

• Total general specifications. 

• Plant location (site conditions). 

• Preliminary soil report with foundation recommendations. 

• Plot plan and equipment arrangements. 

• Mechanical flow sheets. 

• Equipment lists. 

• Building listings, type, size and description. 

 

“Method Two” as described by Page (1996: xvii) can be referred to as Ratio 

Conceptual Estimating and is used in situations where the total cost of an item or 

facility can be reliably determined from the cost of a primary component. In the case of 

most petrochemical plants, the specialised process equipment makes up a significant 

portion of the total project cost. This is often referred to as “equipment factor” 

estimating (Uppal, 2007: EST.03). 
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According to Nitithamyong and Skibniewski (2006: 80), equipment factored estimates 

are used to develop costs for process and utility units for which the behaviour of the 

costs of the direct labour and bulk materials used to construct the facilities is correlated 

with the costs (or the design parameters) of the major equipment. Liu and Zhu (2007: 

91) state that this estimating methodology typically relies on the principle that a ratio or 

factor exists between the cost of an equipment item and the costs for the associated 

non-equipment items (foundations, piping, electrical, etc.) needed to complete the 

installation. 

 

An equipment factored estimate can typically be generated when project definition is 

approximately 1 to 15% complete. An equipment list should be available at this point of 

the estimate. This estimate is often a feasibility estimate used to determine whether 

there is sufficient business case to pursue the project. Shen and Liu (2003: 486) state 

that if there is sufficient business case to pursue the project, then this estimate may be 

used to justify the funding required to complete the engineering and design required to 

produce a funding or budget estimate (Newnan et al., 2004: 46). 

 

Louw (2002: 88) makes reference to the increased accuracy of the equipment factored 

method over that of the capacity factored method which is described later in this 

chapter. In Table 4.5 certain minimum equipment description requirements are 

depicted as applicable equipment factored estimating. Louw uses the example of the 

cost estimation of a pressure vessel where one would at least require the internal 

diameter, the tangent-to-tangent length, the internal pressure and temperature, and 

material of construction.  

 

The estimator assumes that the general engineering specifications which applied to 

previous purchases will likewise apply to this equipment list, and searches the 

accumulated price and technical data for comparably rated pieces of equipment. Xiao 

and Proverbs (2003: 325) state that the estimator can also obtain commercially binding 

quotations for the equipment. As soon as the equipment list is priced, the cost of other 

elements in the plant is estimated by assuming a certain pattern will apply.  

 

Boilers Capacity t/h or MW duty, pressure, superheat temperature, type 

Furnaces Duty in MW, materials of manufacture, fuel feed rate, type 

Flares and stacks Height, diameter, materials of manufacture, flare tip 

specifications, capacity t/h 
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Heat exchangers Total heat exchange surface area, finned area for air cooled 

heat exchangers, materials of manufacture, type, e.g. shell-and-

tube, floating head, fixed tube, double pipe, U-tube, plate, air 

cooled, MW duty for plate exchangers 

Reactors Tangent-to-tangent length, inside diameter, pressure, 

temperature, materials of manufacture, type, e.g. fixed bed, 

fluidised bed, vapour phase, slurry 

Distillation columns Tangent-to-tangent length, inside diameter, pressure 

temperature, materials of manufacture, type and number of 

internals, e.g. valve trays, structural packaging, bubble cap trays 

Tanks Diameter, height, pressure, materials of manufacture, type, e.g. 

fixed roof, floating roof, sphere, bullet 

Drums and 

separators 

Tangent-to-tanget length, inside diameter, pressure, 

temperature, materials of manufacture, type, e.g. horizontal, 

vertical, with or without boots, semi-elliptical heads, 

hemispherical heads, internals, e.g. heating coils 

Filters Capacity m³/h, pressure, temperature, materials of manufacture, 

type, if possible filter area and particle retention size 

Compressors Capacity m³/h at suction conditions, kW rating, inlet and 

discharge pressures, medium compressed, type, e.g. 

reciprocating, centrifugal, axial, driver type, e.g. steam turbine or 

electric motor, if possible temperatures and number of stages 

Pumps Capacity m³/h, kW, type, e.g. centrifugal, driver type, inlet and 

outlet pressure, medium pumped, if possible net positive suction 

head 

Dryers Capacity t/h, kW, materials of manufacture 

Centrifuges Capacity t/h, kW, materials of manufacture 

Crushers Capacity t/h, kW, materials of manufacture, type, e.g. jaw, roller 

Crystallisers Capacity t/h, kW, materials of manufacture 

Ejectors Capacity t/h, medium pumped, suction and discharge pressure, 

number of stages, pumping medium and pressure 

Mills Capacity t/h, kW, type, medium milled, speed 

Mixers Power kW, speed, materials of manufacture, type 

Refrigeration units Duty MW, coolant type, evaporator temperature, type 

Cooling towers Duty MW, capacity, e.g. water flow m³/h, materials of 

manufacture, type, e.g. induced draught, if possible cooling 
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range, wet bulb temperature 

Boiler water 

treatment system 

Capacity t/h, quality of feed and of product e.g. total dissolved 

solids in parts per million, materials of manufacture, type, e.g. 

ion exchange or reverse osmosis 

Conveyors Capacity t/h, kW, length, width, material to be handled, type, 

e.g. rubber belt, bucket 

Cranes Lifting capacity, tons at given radius (m), type, e.g. overhead, 

tower  

Lifts and elevators Capacity (t), duty, e.g. freight or personnel, speed m/s, type 

Hoists Load (t), speed m/s, type 

 

Table 4.5: Equipment design details: minimum requirements 

Source: Louw, 2002: 53-54 

 

Table 4.6 offers an example of the total cost of a process plant Type X, having a 

Capacity of Y tons per annum, expressed as proportions of the mechanical equipment 

cost. This gives an idea of how much needs to be added in addition to the mechanical 

equipment to make it a functioning whole (Yan Xiaoyan, 2004: 3). 

 
 

Plant type X, capacity Y tons per annum 
 

Cost 

Mechanical equipment 100 

Other materials 95 

Labour for construction 55 

Sub-total (direct field cost) 250 

Other costs 150 

Total cost 400 

 
Table 4.6:  Example of cost components as percent of mechanical equipment cost 

Source: Louw, 2002: 89 
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In the Conceptual Cost Estimating Manual, Page (1996: 1-10) provides a list of the 

disciplines of work that should be taken into account when performing a Ratio 

Conceptual Estimate. The disciplines are illustrated in Table 4.7. 

 

 

DISCIPLINES OF WORK 

 

 

 

 

Process equipment 

 

 

 

Site preparation 

 

 

 

 

Site improvements 

 

 

 

 

 

 

Concrete 

 

 

 

 

 

Structural steel 

 

 

 

 

DIRECT COST ITEMS 

 

The equipment cost, labour, material and sub-contracts 

necessary to set and erect or install the process equipment 

in the final position and condition for mechanical operation. 

 

All general preparation of the plant site for construction 

including, but not necessarily limited to, clearing, rough 

grading, cut, fill, borrow, disposal, soil stabilisation and finish 

grading. 

 

Includes items of work that provide permanent 

improvements to the plant site, such as drainage ditches, 

culverts, storm drain pipes, canals, dikes, all base materials 

for roads, parking lots, and railroads including ballast, 

railroads, and fencing. Pavements for roads, process areas 

and parking areas are included under “Paving”. 

 

All earthworks, forms, reinforcing steel, miscellaneous 

embedded items and placing, finishing and curing of 

concrete for equipment foundations and equipment 

structures are included. All building concrete including 

foundations is included under “Buildings”. 

 

All cost for procuring, fabricating, and erecting structural and 

miscellaneous steel, not embedded, for framed structures, 

equipment supports, equipment platforms, walkways, 

ladders, handrails and pipe supports. Steel for buildings is 



Chapter 4                                                         Conceptual Cost Estimating Methodology 
_____________________________________________________________________                       

 185 

 

DISCIPLINES OF WORK 

 

 

 

Buildings 

 

 

 

 

Underground piping 

 

 

 

Above ground piping 

 

 

 

 

 

 

Underground electrical 

 

 

 

Above ground electrical 

 

 

 

 

Instrumentation 

 

 

 

 

 

included under “Buildings”. 

 

All cost of buildings including earthworks, foundations and 

other concrete, total superstructure, HVAC, plumbing and 

utility piping to outside of building, insulation, small power 

and lighting, painting and all architectural finishes. 

 

All project underground piping serving the project including 

fire water loops and their components, water lines and 

special process lines. 

 

Fabrication and erection of all above ground process piping, 

valves and fittings required for plant operation. Installation 

only of relief valves, control valves, and orifice fittings for 

instrumentation are also included. The material cost for 

these instruments are, however, included under 

“Instrumentation”. 

 

All labour and material for underground power and lighting, 

ducts, conduit, wire, cable, etc. Also includes earthwork and 

concrete for embedments. 

 

All items required for the complete above ground power and 

lighting systems for the total project, excluding buildings. 

Also includes the installation of all electrical instruments and 

their hook-ups. 

 

Includes material and labour for instrumentation work 

defined as follows: 

- material cost includes instruments, control valves, 

relief valves, control panels, meter runs, orifice 

fittings and all other instrument items plus tubing, 

tube bundles, and tray materials required to install 
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DISCIPLINES OF WORK 

 

 

 

 

 

 

 

 

 

 

 

Insulation 

 

 

 

Painting 

 

 

 

Paving 

 

 

 

Proratables 

 

 

 

 

 

Rental or purchase 

 

 

Service labour 

 

such items; 

- labour cost includes the installation of the above 

except as noted; 

- labour cost to install relief and control valves and 

orifice fittings is included under “Above Ground 

Piping”. Labour cost to install electrical hook-up is 

included under “Above Ground Electrical”; 

- all header piping labour and material costs are 

included under “Above Ground Piping.” 

 

All labour and material cost of insulation, refractories, and 

linings for process equipment and piping. Building insulation 

is included with “Buildings”. 

 

Includes all preparation and protective coating of surfaces 

with paint and/or epoxy for the total project excluding 

buildings. 

 

Includes the furnishing and placing of concrete, asphalt, or 

gravel used for the final surfacing of roads, sidewalks, 

parking areas and process work areas as required. 

 

Includes the labour and material cost for the daily area clean 

up, all required scaffolding and final test, startup, and pre-

commissioning assistance. 

 

CONSTRUCTION EQUIPMENT 

 

Cost of rental or purchase of construction equipment 

required for the project. Does not include small tools. 

 

All labour required to service and maintain the construction 

equipment. Does not include the operation of the equipment 
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DISCIPLINES OF WORK 

 

 

 

Fuel, oil, grease, 

supplies 

 

 

 

 

 

 

 

 

 

 

 

 

 

Engineering salaries – 

estimating 

 

Engineering salaries – 

field and technical 

support 

 

 

 

 

Watchmen and janitors 

 

 

 

Holiday pay 

 

when working. 

 

Includes the cost of all fuels, lubricants, and supplies 

required to operate and maintain the construction 

equipment. 

 

OVERHEAD AND INDIRECT COSTS 

 

All or part of the items described below are used to establish 

costs for: 

- salaried indirect, 

- office hourly indirect, 

- field hourly indirect. 

 

The distribution will vary depending upon the type of project, 

local labour practices, and contractor preferences. 

 

Civil, cost, electrical, general, mechanical and structural 

estimating salaries. 

 

Project chief engineer, assistant project chief engineer, chief 

field engineer, civil, electrical, mechanical, structural, field, 

staff, office, piping, instrument engineers, coordinators, 

engineering draftsmen, party chiefs, instrument men, 

chainmen, rodmen and labourers temporarily assigned to a 

field party performing general layout work. 

 

Security supervisor, security coordinator, guards, watchmen, 

janitors. This does not include for contract security 

personnel. 

 

Pay for holidays not worked. Personnel covered by 

overhead and indirect estimate only. 
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DISCIPLINES OF WORK 

 

 

Salaries – office 

clerical 

 

Quality assurance – 

labour 

 

 

Salaries – sub-contract 

administration 

 

Salaries – cost 

engineering 

 

Salaries – scheduling 

and planning 

 

Salaries – technical 

clerks 

 

Material control labour 

 

 

 

Move in/out labour 

 

 

 

 

 

 

 

Non-productive labour 

 

Administrative clerks, office clerks and secretaries 

 

 

Chief construction inspector, construction inspectors, 

welding inspector, piping inspector, electrical inspector, 

boiler inspector and civil inspector. 

 

Salaries for sub-contractor coordinators. 

 

 

Salaries for cost/schedule supervisor, chief field cost 

engineer and cost engineers. 

 

Salaries for chief field scheduler and planner/schedulers. 

 

 

Salaries for clerical technical personnel. 

 

 

Material control coordinators and material control personnel 

assigned to implement and follow-up the material control 

programme. 

 

Job payroll labour for loading, unloading and transporting 

from facilities to project construction area tools and 

construction equipment, temporary facilities, etc. Move-in is 

defined as assembly of tools and construction equipment at 

jobsite. Move-out is the return of tools and construction 

equipment to other approved destination in the immediate 

area of the project. 

 

Wages paid to hourly employees during a temporary period 
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DISCIPLINES OF WORK 

 

 

 

 

 

 

 

Safety and medical 

expense – labour 

 

Salaries – office 

 

 

 

 

Salaries – supervision 

 

 

 

Sick pay 

 

 

 

Warehouse salaries 

 

 

 

 

 

 

 

Temporary buildings 

and facilities – labour 

 

when work is stopped. Also wages paid to craftsmen for 

voting in accordance with union or government regulations. 

Welding test labour and jury pay differential. Work 

stoppages due to inclement weather and show-up time are 

considered in productivity factors used elsewhere. 

 

Safety supervisor, safety inspectors and medics. 

 

 

Chief accountant, accountants, bookkeepers, invoice 

auditors, expeditors, chief time keepers, personnel manager, 

personnel clerks, data controllers, data entry operators, and 

procurement officers. 

 

Project manager, general superintendent, assistant project 

manager, assistant superintendent, administrative manager, 

office manager, area coordinator and master mechanic. 

 

Wages paid overhead and indirect employees only for 

authorised absence due to personal illness, as approved by 

project construction manager. 

 

Warehouse supervisor, assistant warehouse supervisor, 

warehousemen, tool room attendants, warehouse labourers 

– assigned full time to warehouse operation. Must be on 

project payroll only. 

 

TEMPORARY CONSTRUCTION FACILITIES (Labour and 

material) 

 

Labour only for construction or erection, maintenance and 

dismantling of the temporary facilities, in accordance with 

but not limited to the following: roads, ditches, bridges, 
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DISCIPLINES OF WORK 

 

 

 

 

 

 

Temporary buildings 

and utilities – material 

and supplies 

 

 

 

 

 

 

 

 

 

Retirement and 

savings plan (for 

overhead and indirect 

personnel only) 

 

Insurance – 

employees’ life and 

hospitalisation (for 

overhead and indirect 

personnel only) 

 

Taxes – payroll 

 

Vacation pay (for 

overhead and indirect 

personnel only) 

storage areas, parking lots, fencing, buildings, water system, 

sanitary system, power distribution, telephone and 

communication systems, and plant and air system. Does not 

include construction camp, quartering or catering facilities. 

 

Material and supplies and maintenance for construction and 

dismantling of the temporary facilities in accordance with but 

not limited to the following: rental of temporary field offices 

and warehouses, roads, ditches, bridges, storage areas, 

parking lots, fencing, buildings, water system, sanitary 

system, power distribution, telephone and communications 

system. Does not include construction camp, quartering or 

catering facilities. 

 

LABOUR BURDENS AND OVERHEAD PERSONNEL 

BENEFITS 

 

Actual cost fixed by appropriate accounting office. Does not 

include any like or similar item which is a part of a union 

fringe benefit. 

 

 

Direct premium charges only. Does not include any like or 

similar item which is a part of a union fringe benefit. 

 

 

 

 

Unemployment contributions, etc. 

 

Actual cost for overhead and indirect personnel only based 

on gross payroll as billed by the appropriate Accounting 

Office. Does not include any like or similar item which is a 
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DISCIPLINES OF WORK 

 

 

 

 

 

Construction supplies 

 

 

 

 

 

 

Small tools (in 

accordance with 

contract limits) 

 

 

 

 

Workmen’s supplies 

 

 

 

 

 

 

 

 

Advertising 

 

Bond premiums 

 

 

Communications and 

part of a union fringe benefit. 

 

SMALL TOOLS AND CONSUMABLES 

 

This account should include items that are consumed and 

are, by their use, directly related to construction, for 

example, sandpaper, rope, chalk, soapstone, emery paper 

grinding wheels, moil points, saw blades, padlocks, 

threading dies, drill bitts and reamers, rags, brooms and 

mops, air and water hose for general use. 

 

Purchase or rental of hand tools, power operated hand tools, 

etc. Rental or repair parts for such tools will be included in 

this account. This account includes minor equipment such 

as small pumps up to 3”, vibrators, light plants (up to 3,000 

watt), chain saws, pipe threaders, tar pots, small sand 

blasting machines, air and chain hoists. 

 

This cost will include items that are, by their use, directly 

beneficial to and for the convenience of the workmen, for 

example, towels, toilet paper, drinking cups, ice drinking 

water, hard hats, protective clothing, gloves, boots, salt 

tablets, soap and safety shoes. Credit is to be received for 

sales by payroll deduction for items charged here. 

 

OTHER INDIRECTS 

 

Classified ads, public advertisements. 

 

Bid bonds, performance bonds, maintenance bonds, and 

fidelity bonds. 

 

Telephone, telegraph, teletype, postage, radio rental or 
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DISCIPLINES OF WORK 

 

postage 

 

 

Containers 

 

Dues 

 

 

 

Engineering supplies 

 

 

 

Expediting 

 

 

Heat, light, water and 

power 

 

Insurance – general 

 

 

 

 

Legal 

 

 

Licenses and permits 

 

 

Move in/out – supplies 

and services 

 

communication system rented from a third party. Includes 

data lines and couplers. 

 

Deposits for returnable containers and reels. 

 

Membership dues for clubs and professional organisations, 

for overhead and indirect personnel only. Does not include 

union dues. 

 

Surveying instruments (purchase or rental), drafting 

supplies, surveying supplies, blueprint or photostat work, 

progress photos. 

 

Cost for services from expeditors who are not on the job 

payroll. 

 

Public utility charges and heating fuels for job buildings. Cost 

for water not used for construction purposes. 

 

Premiums for builder’s risk, fire and extended coverage, 

equipment, floater coverage, non-owned automotive liability, 

independent contractor’s liability, contractual liability, special 

risk coverage, such as war risk heavy lift, hull and umbrella. 

 

Abstracts, lawyers fees, court costs, notary fees, sign-up 

expense. 

 

Business permits, construction permits, export/import 

licenses, government inspection fees, hauling permits. 

 

Transportation of tools and construction equipment by others 

to project construction area and miscellaneous supplies 

consumed and services used for move-in and -out purposes. 
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DISCIPLINES OF WORK 

 

 

Office supplies 

 

 

 

Safety and medical 

expense – material 

 

 

Testing and laboratory 

analysis 

 

Travelling 

 

 

 

Welding supplies 

 

 

 

 

 

Unclassified 

 

 

Data processing 

services 

 

 

Consulting fees 

 

 

 

 

Stationary supplies, printing, office equipment purchase, 

rental or repair, office and warehouse forms and supplies, 

jobsite reproduction costs and furniture. 

 

Medical examination fees, medical supplies, safety signs 

and literature, first-aid equipment, fire extinguishers and 

refills. 

 

Soil surveys, concrete cylinder tests, independent 

inspectors. Lab charges to test welders. 

 

Transportation and subsistence expense of overhead and 

indirect employees on business trips (excluding quality 

assurance personnel travel). 

 

All material, supplies and tools required by a welder, i.e. 

acetylene, oxygen, flux, welding rods, lighters, flints, 

chipping hammers, wire brushes, stingers, helmets, lenses, 

asbestos gloves, goggles, gauges, welding qualification test 

material, etc. 

 

Flowers, weather reports and forecasts, and bank service 

charges. 

 

Cost for data processing services for the project. Terminal 

rental, supplies, computer charges from outside jobsite 

sources, etc. 

 

Cost for outside consulting services which might be required 

in connection with the project which are not a part of 

engineering. 
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DISCIPLINES OF WORK 

 

Trade journals, books, 

publications and 

subscriptions. 

 

Contract guard service 

 

Quality assurance – 

material and supplies 

 

Employee educational 

assistance 

 

 

 

Engineering/design 

services 

 

Construction services 

 

 

 

 

Project general 

management 

Cost of books and subscriptions. 

 

 

 

Cost of subcontract guard service. 

 

Normally includes travel costs for quality control personnel. 

 

 

Cost of employee educational assistance for overhead and 

indirect personnel only. 

 

HOME OFFICE COST 

 

Total labour and material cost for the complete engineering 

and design of the project including engineering fee. 

 

Services furnished by various home office departments such 

as estimating, scheduling, expediting, etc. as may be 

required to assist the project. Services are charged to the 

project only for time actually spent on the project. 

 

Includes the portion of time that the contractor’s 

management staff applies in regard to overall direction of the 

project. 

 

Table 4.7: Disciplines of work covered in ratio conceptual estimating 

Source: Page, 1996: 1-10 

 

As stated later in this chapter when discussing capacity factored estimating, the cost 

pattern (or functions of mechanical equipment cost) for a certain plant would only be 

valid under the same typical circumstances (Bentley, 1987: 43). One would not expect 

the same pattern for a platformer unit as for an ethylene plant or for an oxygen plant, 

and neither would a pattern found in the USA necessarily hold true for a country like 
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Germany or South Africa. The reason for this is the differences in labour rates, 

productivity, specifications, equipment and material prices.  

 

Bertisen and Davis (2008: 120) mention that capacity as well as equipment factored 

estimating can only be made if a complete unit is involved. For modifications or 

additions more detailed scope descriptions would be required. Table 4.8 shows the 

make-up of a selection of different types of plant. It is interesting to note how wide the 

bottom-line figures vary, mechanical equipment to bottom-line cost ranging from a ratio 

of 1:6,92 to 1:1,68 (Louw, 2002: 90). 

 

Brent and Labuschagne (2007:416) point out that an ethylene plant proportionally has 

much more piping than other types of refinery units, and this characteristic is 

highlighted by the item “other materials” as well as by the high labour figure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plant 

components as 

percent of 

mechanical 

equipment 

Ethylene 

plant 

Refinery 

Unit 

Low temperature 

gas handling unit 

Steam 

plant 

Oxygen 

plant 

Mechanical 

equipment 

100 100 100 100 100 

Other materials 109 82 82 52 28 

Labour 190 128 46 40 20 

Indirect field cost 135 147 77 15 9 

Engineering, 

supervision, 

project 

management, etc 

159 101 58 45 12 

Total cost 692 558 362 252 168 

Variance ratio 1:6,92    1:1,68 

 Table 4.8: Plant components as a percent of mechanical equipment 

Source: Louw, 2002: 90 
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The equipment and other materials of the “low temperature gas handling unit” given 

here is more expensive than normal carbon steel, hence the labour and other items are 

comparatively smaller. An oxygen plant has very expensive equipment such as air and 

oxygen compressors and other equipment fabricated in aluminum or stainless steel, 

hence the very high proportion in equipment (Louw, 2002: 90). 

 

Table 4.9 shows an example of equipment factored cost estimating, based on the 

carefully recorded cost history of a previously built carbon steel refinery unit 

constructed some time ago. The table gives all the cost items as percentages of the 

total estimated cost of all mechanical equipment. Kapp (2004) points out that 

escalation is dependent on the particular time schedule of the project. Contingencies 

depend on the risk of the particular project (Prasad, 2008: EST.S02.3). The mechanical 

equipment was estimated piece by piece based on an equipment list with sizes, 

materials and ratings, as given by the process designer, and using in this case 

historical prices being updated to the present date by applying the appropriate 

escalation indices (Morris & Wilson, 2006: CSC.06.2). 

 

 

Carbon steel refinery unit 

 

% of ME 

 

% of ME 

 

% of ME 

Estimated cost 

of proposed 

plant 

Estimated mechanical 

equipment cost (ME) 

 

100 

 

Materials 

 

Labour 

 

1,000,000 

Site preparation and 

earthworks 

 

5.1 

 

2.0 

 

3.1 

 

51,000 

Concrete 5.1 2.0 3.1 51,000 

Structures 15.2 7.6 7.6 152,000 

Buildings 2.5 1.0 1.5 25,000 

Mechanical equipment 100.0 100.0 0 1,000,000 

Mechanical equipment 

erection 

 

6.2 

 

0 

 

6.2 

 

62,000 

Piping 52.4 31.4 21.0 524,000 

Electrical 15.9 12.7 3.2 159,000 

Control systems 26.3 19.7 6.6 263,100 

Insulation and painting 8.3 4.6 3.7 83,100 

Direct field cost 237 181.1 55.9 2,370,200 

Indirect field cost 19.8   198,200 
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Carbon steel refinery unit 

 

% of ME 

 

% of ME 

 

% of ME 

Estimated cost 

of proposed 

plant 

In-house engineering 7.5   74,700 

Engineering & other services 98.0   980,100 

License fees 19.0   189,600 

Insurance 1.1   10,600 

Catalysts & chemicals 0   0 

Operations (capitalised) 12.6   126,400 

Customs duties 6.5   65,300 

Total without contingencies 401.5   4,015,100 

Contingencies 20.0   802,384 

Total before escalation 421.5   4,817,484 

Spares 10.5   105,292 

Operations (Operating cost) 4.0   40,000 

Escalation 33.7   337,224 

End-of-job cost (EOJC) 469.7   5,300,000 

. 

Table 4.9: Factoring by equipment cost 

Source: Louw, 2002: 91 

 

Another factored type estimate is described by Louw (2002: 86) and refers to Capacity 

Factored Conceptual Estimating. This method is not that common, but is sometimes 

used when output capacities are known (Ellsworth, 2007: 27). 

 

For process plants, capacity factored estimates assume that the cost of the proposed 

plant will follow certain mathematical rules that have been found to be true in numerous 

previous cases (Louw, 2002: 86). In the case of plant capacity, the rule most frequently 

applied is illustrated as follows: 

 

Cost of Plant A  =    Capacity of Plant A 

Cost of Plant B        Capacity of Plant B 

 

Note that the value of the exponent “n” in this relationship would only be true for a 

given technology, process and location which means a certain climate, topography, 

distance from sources of equipment and materials, the infrastructure available and the 

n 
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availability of skilled craftsmen and experienced engineers or other professions 

(Jansen-Rommijn, 2008: EST.13.1). It would also only be valid for a certain range of 

scale-up or scale-down ratios. Despite these qualifying statements, the tool is useful for 

quick comparisons (Kelly, 2005: CDR.13.1). 

 

3.3 Regression analysis 

 

Conceptual cost estimates are not expected to be precise since project scope is not 

finalised and very limited design information is available during the pre-design stages 

of a project. A quick, inexpensive and reasonably accurate estimate is needed, based 

on the available information (Lowe, Emsley & Harding, 2006: 750). Regression analysis 

is one such method. Sonmez (2004: 677) states that in regression analysis the project 

cost is estimated with a regression model including a number of independent variables. 

He also mentions that some authors suggest using location, construction year, plant 

type, technology, etc. The use of regression analysis is not only limited to construction 

cost estimation. Zayed and Halpin (2005: 779), Edwards, Holt and Harris (2000: 45) 

and Blyth and Kaka (2006: 82) refer to several uses of regression analysis and how 

this concept can be extended to be functional in construction cost estimation. 

 

Sonmez (2004: 677) states that in regression analysis the project cost is estimated with 

a regression model including a number of independent variables. Plant location, year of 

construction, plant type, etc. can be used as independent variables. The advantage of 

regression models lies in their generally economical use of parameters compared to 

some other techniques (Lowe et al., 2006: 750). The technique of regression analysis, 

however, requires the user to make decisions about the use of interaction terms and 

also about the class of relationship (linear, quadratic, etc). Trost and Oberlender (2003: 

198) point out that one of the main advantages of probabilistic estimating techniques is 

their capability to develop a range of estimates for quantifying the uncertainty of the 

estimate. In simulation, however, a probability distribution function needs to be selected 

to model the data (Sonmez, 2004: 678). The importance of regression analysis can 

also be found in parametric estimates which will be discussed later in the chapter. 

 

3.4 Neural network analysis 

 

A neural network is a form of artificial intelligence which could also be used for 

conceptual cost estimation. Bhokha and Ogunlana (1999: 133) and Ko and Cheng 

(2007: 317) point out that these networks have the capability to capture the relations 
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between independent and dependent variables. Kuprenas (2008: CSC.05.1) states that 

location, contract duration, size of the contract and type of project all have a 

measurable effect on construction cost. Edwards et al., (2000: 46) point out that neural 

networks, similar to regression analysis, require the historical data of past projects so 

that it can capture the relations between variables and cost. Sonmez, (2004: 678) 

comments on the use of neural networks when performing conceptual estimates and 

how this form of analysis can assist the estimator. 

 

Walsh, Sawhney and Vachris (2006: 125) indicate that to make estimates of 

construction cost sensitive to factors that influence their values, thereby freeing 

estimates of future costs from the assumption that past conditions will prevail in the 

future, procedures have been developed that use historical data to relate construction 

costs to the factors believed to influence them (Wilmot & Mei, 2005: 765). Typically, 

regression analysis has been used to establish this relationship but recent applications 

include the use of artificial neural network (ANN) and neuro-fuzzy models (Ezeldin & 

Sharara, 2006: 650). These relational models are different to the trend models since 

they only assume that the relation between construction cost and the influential factors 

will remain constant and not that past trends are unchanging (Fayek & Oduba, 2005: 

940; Knight & Robinson, 2002: 505). Mazouk and Moselli (2004: 879), Moselli and 

Alkass (2006: 1196) and Omitaomu and Badiru (2007: 159) also comment on the use 

of fuzzy logic, which is a form of neural networking, in estimating construction related 

activity costs. 

 

The linear relationship in linear regression imposes a functional relationship which may 

not always be appropriate (Chehayeb & Al-Hussein, 2006: CDR.18.1). While this may 

be at least partially addressed through transformation of variables, the assumption of a 

specific mathematical formulation limits the ability of the model to fit the data on which 

it is estimated (Skorupka, 2004: RISK.15.1). In contrast, neural network (NN) models 

have no implicit functional form and therefore have greater freedom to fit the data than 

regression models (Elazouni, Ali & Abdel-Razek, 2005: 33). 

 

3.5 Parametric estimating 

 

SCEA (2005: 3) reports that current industry and government practitioners commonly 

use parametrics to perform a variety of analyses, such as independent cost estimates 

and trade studies. Practitioners have argued that proposal preparation, evaluation and 

negotiation costs, and cycle time can be reduced considerably through the increased 
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use of parametric estimating (Dysert, 2008: EST.03.1 and Kapetanios & Marcellino, 

2009: 210). They also state that these benefits can be achieved while maintaining or 

improving the quality of estimates produced. 

 

Beginning in the early and mid 1990’s, both the American industry and government, 

through the Parametric Cost Estimating Initiative (PCEI), evaluated the ability of 

parametric estimating techniques and tools to support government proposal cost 

estimating requirements (Noor, Grumo, Kniskern & Kopach, 2006: OWN.05.2). The key 

issues considered included parametrics’ ability to maximise the use of historical data in 

the estimating process, increase the estimate’s realism, and reduce the cost 

associated with proposal preparation, evaluation and negotiation. SCEA (2005: 4) 

indicates that the PCEI, through numerous workshops and the Parametric Estimating 

Reinvention Laboratory, concluded that parametric techniques and tools, when 

properly implemented and correctly used, could produce realistic cost estimates at 

significantly reduced costs and times. 

 

The benefits of using parametric estimating are well documented. It is estimated that 

savings to proposal preparation are between 40% and 80% when compared to some 

other approaches of estimating. Dysert (2008: EST.03.1) and Kwak and Watson (2005: 

1430 – 1431) state that parametric tools and techniques have much more versatility 

than other estimating approaches. The following describe some reasons for this: 

 

• Better estimates are provided, often in a matter of minutes. 

• There exists a high-quality link between the technical and cost proposals. 

• The data is well understood through the calibration and validation activities. 

• It is much easier to estimate conceptual designs. 

• Early costing cannot be done effectively any other way. 

• No bill of material (BOM) is required. 

• It is much easier to handle scope, technical and performance changes. 

 

3.5.1 What is parametric estimation/analysis? 

 

Dysert (2008: Est.03.1) describes parametric estimating as follows: 

 

“A parametric estimate is comprised of cost estimating relationships and 

other parametric estimating functions that provide logical and 
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repeatable relationships between independent variables (such as 

design parameters or physical characteristics) and the dependant 

variable (cost).”  

 

Kwak and Watson (2005: 1430 – 1431) demonstrate that the parametric estimating 

technique does play a significant role in the early stage of a project lifecycle regardless 

of the assertions that the results may lack the precision of the detailed estimate. Figure 

4.10 demonstrates a suggested timeline for parametric estimating. Kwak and Watson 

(2005: 1430) propose a parametric estimate terminology to be as follows: 

 

“A parametric estimation is obtained by using Cost Estimating 

Relationships (CER) among the project characteristics and applying an 

algorithm to determine an approximation of the total project cost. The 

characteristics may be physical attributes, performance specifications, 

or functions.” 

 

Polla (2007: 12) simplifies what seems to be the generalised conception of what 

parametric estimating involves and makes the following statement: 

 

“Parametric estimating is a technique that uses simple to complex 

statistical relationships between historic data and applicable variables to 

calculate an estimated cost for a specific item or task.” 

 

Parametric analysis involves computerised cost models that use the parameters of 

consequential projects and the project’s products to estimate the use of resources 

required to perform the project such as labour, materials and time (Polla, 2007: 12). 

Stewart and Mastenbrook (1983: 40) and Vis (2005) state that these models have 

economic value because, when properly designed and used, they can improve the 

accuracy of project estimates, reduce the likelihood of serious overruns of budgets and 

schedules, reduce the costs of preparing project proposals, and enable project leaders 

to consider more options with regard to the best way to proceed (Bidarra & Bronsvoort, 

2000: 215). 
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Many parametric models also serve to advise on the uncertainties and risks associated 

with the project cost schedules (Iyer & Jha, 2006: 875; Khan, 2007: 14). This is an 

important function because modern projects are often complex. A purely cost or 

duration estimating model will provide what is called a “point estimate” of cost or 

duration. A point estimate is a single number that will always be in error to a greater or 

lesser extent (Polla, 2007: 15). 

 

A model that deals with uncertainty and risk will provide a “range estimate”, also called 

a probability distribution, i.e. an estimate that tries to give some idea of the possible 

range of cost or schedule outcomes, and of the relative likelihood or particular 

outcomes (Sonmez, 2005: EST.07.1). The process of developing range estimates are 

inherently of more value to project management than point estimates because they 

help with understanding of what could happen and why (Smith, O’Keefe, Georgiou & 

Love, 2004: 264). They frequently point to certain risk abatement possibilities and 

 

Phases 
Concept 

Concept 
DCP 

Plan 

Plan 
DCP 

Develop Quality 
Roll out 

Manage 
life 

cycle 

Availability 
DCP 

End of life 
DCP 

Parametric estimate 
 
- If pre-concept activities 

occur 
- Based upon project 

complexity 
- Use of matrix to 

estimate total 
resources 

- Make adjustments to 
estimate 

- Must be completed by 
concept decision check 
point (DCP) 

- Estimates are in true 
work (not utilisation) 

Revised parametric 
estimate 
 
- Resources by 

month 
- Occurs prior to 

concept decision 
check point 

Full plan – Detailed estimate 
 
- Assumes requirements 

are known 

Figure 4.10: Suggested timeline for parametric estimating 

Source: Kwak and Watson, 2005: 1431 
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options that otherwise would have gone unnoticed (Maddex, 2008: RISK.03.1; Noor et 

al., 2006: OWN.05.2). 

 

The process of parametric estimating has three main components: database 

development, model development and model use (Camargo, Rabenasolo, Jolly-Desodt 

& Castelain, 2003: 2). Parametric analysis is a major management innovation. In 

common with several other management innovations, such as network scheduling and 

earned value analysis, modern parametric analysis has its genesis in the US and 

British military-industrial complex. The use of parametric analysis also has seen 

increased employment in the construction industry in recent years. Prentice (2004: 2), 

Ruskin (2004: 27) and Buell (2008: EVM.07.2) all comment on the use of earned value 

analysis and how that slots in with construction cost estimation and in particular, 

parametric estimating. 

 

The first step in developing a parametric model is to establish its scope (Dysert, 2008: 

EST.03.2). This defines the end use of the model, the physical characteristics of the 

model, the cost basis of the model, and the critical components and cost drivers. The 

end use of the model is typical to prepare conceptual cost estimates for a process plant 

or system (Kapetanios & Marcellino, 2009: 209). The model should be based on actual 

costs from completed projects, and reflect the organisation’s engineering practices and 

technology (Cass, 2007: 18). The model should generate current year prices or should 

be able to escalate to current year costs. The model should be based on key design 

parameters (Fang & Rogerson, 1999:45) that can be defined with reasonable accuracy 

early in the project scope development, and should provide the capability to be easily 

adjusted for specific complexity or other factors influencing the costs. Figure 4.11 

shows a diagram of the typical steps that will have to be followed to build a parametric 

model. 

 

3.5.2 The parametric model building process 

 

The development and normalisation of historical auditable historical data is a key 

starting point in parametric model development (Pickett & Elliott, 2007: EST.02.2). The 

historical data will dictate and restrict the level of detail and the approach the 

parametrician can take (Kaka, 1999: 260; Melamed et al., 2007: RISK.06.2). 
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3.5.2.1 Database development 

 

Musgrove (2008: EST. 07.1) points out that a sound database of historical information 

is important to a successful parametric estimate. A cost model is a forecast of future 

costs based on historical fact (Park, Han & Russell, 2005: 164). Thus, future cost 

estimates must be consistent with historical data collection and cannot provide a lower 

level of detail than provided by the historical detail without some allocation or 

distribution scheme devised by the parametrician. Dysert (2008: EST.03.2) points out 

that proper data collection is the basis of good parametric estimating and that the 

developed model can only be as good as the data it is based upon. 

 

Parametric techniques require the collection of historical cost data and the associated 

non-cost information and factors that describe and strongly influence those costs 

(Stewart & Mastenbrook, 1983: 37). Data should be collected and maintained in a 

manner that provides a complete audit trail with expenditure dates so that costs can be 

adjusted for inflation (Kaka, 1999: 256; Melamed et al., 2007: RISK.06.1). 

 

Technical non-cost data describes the physical, performance and engineering 

characteristics of a system or individual item. For example, weight is a common non-

cost variable used in cost estimating relationships (CER’s) and parametric estimating 

models (Camargo et al., 2003: 3). A fundamental requirement for the inclusion of a 

technical non-cost variable in a CER is that it must be a significant predictor of cost. 

 

Once collected, cost data must be adjusted to account for the effect of certain non-cost 

factors such as production rate, improvement curve and inflation – this is data 

normalisation (Oladapo et al., 2008: 119). In Chapter 5 more can be found on the 

development of a database for estimating purposes. 

 

3.5.2.2 Model requirements and architecture 

 

The expectation of a parametric model is that it will estimate costs virtually 

instantaneously and accurately if the correct information is entered with respect to its 

parameters (Kwak & Watson, 2005: 1430). Each parametric model contains at least 

one cost estimating relationship (Ibrahim, Shash, Assaf & Jannadi, 2007: 18). Love, 

Tse and Edwards (2005: 187) and Lowe, Emsley and Harding (2006: 11) also 

comment on estimating relationships. These relationships are also known as CER’s. 
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A CER is a mathematical relation and involves numbers, but otherwise can take 

several forms (Younossi, Areana, Moore, Lorell, Mason & Graser, 2002: 79). Two of 

the most common forms are algebraic equations and lookup tables. The most general 

expression for the algebraic equation is: 

 

y = f(xi) 

 

Where: 
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requirement? 

DONE 
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Figure 4.11: Flow chart of cost model development by the practitioner 

Source: SCEA, 2005: 3 
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y :  a desired estimate (usually in currency, labour hours expended or periods of 

time consumed). Mathematicians will refer to “y” as a dependant variable. 

f :  represents some functional relationship that could be almost anything, including 

linear equations and a variety of non-linear equations such as polynomials, 

power laws, exponentials, and so forth. The key point about the selection of “f” 

is that the resulting equation must be a good fit to the supporting data. 

xi : represents the possibility of more than one independent variable. Most 

commonly, those independent variables are the parameters that the model 

builder has chosen as parameters driving the dependant variable. Model users 

initiate estimating by entering known or at least suspected values for these 

parameters. 

 

A key aspect of model architecture is the choice of parameters. Younossi et al., (2002: 

79) point out that a prime requirement for use of a particular parameter is that it must 

be either a direct cause of the level or amount of the resource being estimated, or must 

strongly correlate with it. An example of a direct cause is the number of optical 

elements in a telescope. The more of them required, the higher the cost. Their optical 

quality is another direct cause, as is the combined surface area. 

 

A requirement for the selected cost driving parameters considered as a set is that the 

amount of correlation between any two of them should be small (Vis, 2005: 1). 

Correlation is a statistical term. Nassar, Nassar and Hegab (2005: 1177) point out that 

the most used measure of it is the coefficient of variation (R2). The coefficient 

measures the strength and the direction of a linear relationship between two variables. 

 

Kapetanios and Marcellino (2009: 215) state that a commonly used parameter in 

estimating many types of hardware is its weight. In many cases, weight does correlate 

strongly with cost, but is seldom a direct cause. Attempts to reduce weight can 

increase cost significantly. Weight, however, is used because data for weight is almost 

always available. Reasonably accurate weights are normally available fairly early in the 

project, but when weight is used as a parameter, it will be necessary to use other 

parameters as well to prevent anomalous results as incorrect decreases in cost can 

occur when engineers attempt weight reduction programmes (Cocodia, 2008: 249). 

 

When plotting data points on a graph, one can observe data scatter (Younossi et al., 

2002: 80). The most prominent reasons why data scatter occur are as follows: 
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• Poor choice of cost driving parameter – A parameter that is poorly 

associated with one project cost may be an excellent driver for a different 

project cost. For example, a driver that poorly predicts development labour 

hours could possible be a very good predictor of production labour hours. 

• Presence of one or more other cost driving parameters – Most costs depend 

to some extent on more than one parameter.  

• Presence of non-normalised parameter values – Inflation is one example of 

an effect that the economy can have on data from different time zones.  

• Data collection errors – Data errors can occur when data is first recorded or 

when the analyst acquires it from wherever it has been stored.  

• Inconsistent cost classification – Especially when data is sourced from 

different organisations with different accounting systems, data can be found 

to be inconsistent. 

• Non-linearity of the x-y relationship. 

 

3.5.2.2.1 Model calibration and validation 

 

As mentioned, complex models are based on an organisation’s historical data making 

them self-calibrating. The validation process, however, applies to all parametric 

estimating techniques. Validation is the process or act of demonstrating the complex 

model’s ability to function as a credible estimating tool (Camargo et al., 2003: 10). 

Validation ensures: 

 

• The model is a good predictor of costs. 

• Estimating system policies and procedures are established and enforced. 

• Key personnel have proper experience and are adequately trained. 

 

3.5.3 Cost estimating relationships (CER’s) 

 

A cost estimating relationship (CER) is the foundation of the art and science of 

estimating resources needed in projects using parametric estimating (Camargo et al., 

2003: 7). The parametric estimate comprises a collection of historical data, and 

reducing it to mathematical forms that can be used to estimate similar activities in 

future projects. These mathematical forms are called CER’s. They are normally 

algebraic equations, but sometimes also tabulated data (Kwak & Watson, 2005: 1432). 

A CER is a mathematical expression which describes how the values of, or changes in, 
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a “dependent” variable are partially determined or “driven” by the values of, or changes 

in, one or more independent variables and describes how it behaves (Pratt et al., 2005: 

1252). Since a parametric estimating method relies on the value of one or more input 

variables, or parameters, to estimate the value of another variable, a CER is actually 

the quintessential parametric estimating technique (Camargo et al., 2003: 6). In Figure 

4.12 it is demonstrated how the number of cost drivers will influence the error margin of 

the parametric estimate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The dependent variable of a CER is cost or a closely related resource measure such 

as man hours. Younossi et al., (2002: 75) state that the independent variable or 

variables are typically technical parameters that have been demonstrated to correlate 

with cost. In a cost-to-cost relationship, the independent variables are also cost, in 

other words, the cost of one element is used to estimate the cost of another. In a non 

cost-to-cost relationship, the CER uses a characteristic of an item to predict its cost. An 

example is where a CER estimates an item’s manufacturing cost based on its weight 

(Kapetanios & Marcellino, 2009: 208). 

 

A CER is a valuable estimating tool and can be used at any time in the estimating 

process (SCEA, 2005: 3.2). For example, a CER may be used in the programme 

concept or validation phase to estimate costs when there is insufficient system 
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definition for more detailed approaches. CER’s can also be used in a later phase in the 

programme as primary estimate or cross checks of non-parametric estimates. 

Camargo et al., (2003: 6) indicate that parametric cost models comprised of several 

CER’s can provide estimates at lower levels of definition. Before developing complex 

parametric models, analysts typically create simple CER’s which demonstrate the utility 

and validity of the basic parametric modeling approach. Assiskumar (2008: EST.16.3) 

points out that the proper development and application of CER’s depends on the 

collection and preparation of data on historical programmes and on applying 

appropriate mathematical and statistical techniques. Figure 4.13 is a schematic 

presentation of the CER development process. 

 

3.5.3.1 Cost estimating relationship (CER) development 

 

The structural foundation of modern cost analysis is the cost estimating relationship, 

statistically derived from historical cost data (Kaka, 1999: 260). CER’s are usually 

expressed in the form of linear or curvilinear statistical regression equations that predict 

cost (the dependent variable) as a function of one or more cost drivers (independent 

variables). However, the CER only provides half of the information required to perform 

the estimate.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.13: CER Development process 

Source: SCEA, 2005: Appendix B, page 3 
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At the beginning of a cost estimating task lies the work breakdown structure (WBS), a 

list of everything that has to be paid to bring a system to its full operational capabilities 

(Kaiser, 2006: 255). 

 

Classical least-squares regression (often referred to as “ordinary least squares” or 

“OLS”), developed by mathematicians in the 18th century, has in the past been the 

statistical procedure of choice in deriving CER’s (Sonmez, 2004: 678). However, OLS 

has always imposed restrictions on an analyst who wants to derive functional 

relationships between dependent y and independent x variables, forcing him to model 

the error as additive when the relationship is linear (y = a + bx), logarithmic (y = a + b 

logx), or polynomialic, but as multiplicative when the relationship is exponential (y = 

axb) or power (y = abx) (SCEA, 2005: 3.5). “General-error regression”, introduced some 

years ago to circumvent these problems, takes advantage of modern computing 

capability and advanced numerical analysis techniques, thereby offering the analyst the 

choice of optimising the CER’s quality metrics by minimising additive or multiplicative 

error, regardless of the functional form of the relationship (Trost & Oberlender, 2003: 

198).  

 

4.0 IMPROVING CONCEPTUAL COST ESTIMATING PERFORMANCE 

 

Conceptual cost estimating is a complex domain (Whiteside, 2004: EST.05.02) as it 

faces problems and restrictions. Zhang (2005: 4) and Zack (2006: 4) mention the need 

for continuous improvement in conceptual estimating. Whiteside (2004: EST.05.02) 

indicated that problems associated with estimating can be found in the following 

estimating functions: 

 

• Scope definition, 

• uncertainty evaluation and quantification, 

• estimating generation and computing, and, 

• estimate’s expected accuracy and reliability assessment. 

 

The first recognised characteristic of conceptual estimating is the fact that it is an 

inexact process based to a large degree on judgment and experience due to lack of 

information and the uncertainty at the conceptual stage (Kwak & Watson, 2005: 1430). 
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The experience of the estimator is probably the most important aspect when discussing 

conceptual estimate accuracy (Muscianesi, 2003: 2). Dysert (2005: 30) points out that 

the estimator studies construction projects undertaken by his company and while he is 

busy with these studies he acquires experience and knowledge which can be applied in 

conceptual estimating and which influence project cost performance. At the same time 

he becomes competent in carrying out the estimating function, leading to an 

improvement in estimating accuracy, especially if new projects are of the same kind 

and have the same characteristics as past ones. Yiu, Ho, Lo and Hu (2005: 108) 

studied the performance of estimators and found that experience allows estimators to 

better understand a new project based on previous ones, generate information that is 

not available by making sound assumptions, adjust existing knowledge and information 

according to current conditions, know where to look for relevant information and how to 

use it, and display other positive estimating capabilities. 

 

When dealing with conceptual estimating, the estimator comes across two types of 

information – historical and current (Pickett & Elliott, 2007: EST.02.1). Of these two, 

historical is probably the most relevant. Information gives the estimator a reference 

from where to derive current cost figures. Lofton and Monteith (2004: EST.01.1) state 

that when estimating the cost of a current activity, actual data of previous similar 

activities is very helpful. However, data from previous activities must have enough 

visibility into the depth of the activity to be of use in producing estimates of similar 

depth. Getting this kind of information requires a suitable information system, capable 

of producing relevant estimating data (Rajpatty, 2008: DEV.12.2). 

 

Having experience and information for conceptual estimating is useless if there is no 

processing system that applies these inputs to achieve the goal of determining the cost 

of the specific item (Perrott, 2004: EST.14.1). This system should provide greater 

consistency and accuracy to conceptual estimates. The processing system should 

support every conceptual estimating function. It must assist the estimator by offering 

advice when requested and by taking care of computing and offering the necessary 

values and answers (Kinney & Soubiran, 2004: EST.15.2). The idea is to have a 

system capable of emulating the performance of an experienced estimator 

(Muscianesi, 2003: 3). 
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4.1 Quality of conceptual cost estimating 

 

For the decision maker, the quality of the conceptual cost estimate includes the 

expected accuracy and the reliability of the cost amounts provided by the estimate 

(Enshassi, Mohamed & Madi, 2005: 116). This estimate is carried out in a condition 

where an estimator has to determine an approximate value of the cost to accomplish a 

project based on a set of general information clues about what the project would be 

when finished. Some of these information clues include information on the project 

scope at the time of estimating, projected economic data, information about project 

technology and complexity, etc. (Chulkov & Desai, 2005: 140;  Nassar & Hegab, 2006: 

555). The quality and quantity of the clues will impact the capability of the estimator to 

accurately predict the cost of the future project (Trost & Oberlender, 2003: 202). Figure 

4.14 demonstrates the level of accuracy of the estimate as time passes. 

 

According to Boeschoten (2005: EST.20.2), the factors determining the accuracy and 

the reliability of conceptual estimates can be grouped into five major categories: 

 

• scope quality, 

• information quality, 

• uncertainty level, 

• estimator performance, and 

• quality of the estimating procedure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Level of estimate accuracy 

Level of scope definition 

High 

Low 

Project inception Project completion 

Impact of 
team’s skills 

and 
estimating 
procedures 

Figure 4.14: Estimate accuracy and project timeline 

Source: Trost and Oberlender, 2003: 203 
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Generally each one of these categories implies adverse conditions for conceptual cost 

estimating. This means limited scope definition, restrictions of information, uncertainty 

of the construction project, insufficient experience available from estimators and 

significant errors or omissions (Kraus et al., 2007: IT.01.1; Cheung, Wong, Fung & 

Coffey, 2008: 120; Ciccarelli & Murch, 2008: CDR.04.2). Improving these factors 

should lead to improving the accuracy of conceptual estimates. Table 4.10 shows a 

summary of factors affecting the accuracy and reliability of conceptual cost estimates. 

Using the information as indicated in Table 4.10, Serpell (2005: EST.13.2) developed 

an accuracy casual model for conceptual estimates as indicated in Table 4.11. 

 

Recognising the importance of quality in conceptual cost estimates, the Construction 

Industry Institute (in America) formed the “improving early estimates research team” 

that investigated potential improvements (Serpell, 2005: EST.13.2). Serpell describes 

how the members of this team collected data of 67 construction projects around the 

world and identified 45 elements to measure the quality of early estimates. Among 

these there are 14 scope definition elements that could potentially impact the accuracy 

and 31 elements not directly related to scope definition, but that have the potential to 

influence the estimate’s accuracy. Factor analysis and multivariate regression 

performed on the 45 elements identified five factors that exhibit a significant impact on 

an estimate’s accuracy. Listed according to their significance, these five factors are as 

follows: 

 

• scope definition, 

• team experience, 

• cost information, 

• time allowed to prepare the estimate, and 

• labour climate factor. 

 

It is clearly established that a good scope definition is an imperative factor for the 

attainment of quality estimates (Gunner & Skitmore, 1999: 267). To obtain a high level 

of quality with a low level of scope definition and information, it is important to count on 

the estimator’s experience. Serpell (2005: EST.13.2) points out that the influence of 

non-scope items on the estimate’s accuracy over the life of a project may change as 

the project progresses from conceptual stage to completion. This statement was also 

proven by Trost and Oberlender (2003: 203). Figure 4.14 illustrates Trost and 

Oberlender’s findings. This important need for experience at early stages also depicts 
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the reason why contingency is commonly assigned through experience (Gunham & 

Arditi, 2007: 495). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The availability of time to prepare the estimate is also an important factor. It is a well-

known fact that progressive development of information technology tools is currently 

reporting remarkable benefits, i.e. improvements for design, procurement and 

construction for different sectors of the construction industry (Warszawski, 2003: 423).. 

 

Figure 4.15 depicts an idealised picture of a cost forecasting programme. This figure 

indicates that at any point of a project’s life, there are four elements of cost. The 

undefined elements, implied by the scope, can be covered by the contingency. Figure 

4.15 shows the relationship of these four elements over time. Gradually, as the project 

progresses, the contingency, escalation and project growth become defined elements. 

At the end of the project the defined elements represent all costs, having replaced the 

other three completely (Boeschoten, 2005: EST.20.2). 

 

4.2 Assessing the quality of conceptual cost estimating 

 

Assessing or predicting the expected accuracy of an estimate is a difficult problem with 

no clear solution, a common characteristic of most prediction or forecasting problems 

(Park et al., 2005: 164). Serpell (2005: EST.13.4) indicates that there are two basic 

categories of predicting methods that can be considered for assessing estimate quality: 
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Uncertainty 
 

Estimator 
 

Procedure 

 
Quantities 
Definition 
Design approach 
State of design 
Completeness 
Detail 
Information quality 
Consistency 
Continuity 
Project nature 
Project technology 

 
Processing 
Sought 
Availability 
Validity 
Completeness 
Relevance 

 
Technology 
Project 
Environmental 
Productivity 
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Construction 
Project nature 

 
Talent/skills 
Experience 
Effort applied 
Expertise 
Judgment 
Knowledge 
Common sense 
Team ability 

 
Mistakes 
Time available 
Measurements 

 
Table 4.10: Summary of factors that affect the accuracy and reliability of 

conceptual cost estimates 

Source: Serpell, 2005: EST.13.2 
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• Data-based methods: Forecasts are made using historical data and 

quantitative models. 

• Judgmental-based methods: Individual opinions are acquired and 

processed to derive predicted values. 
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Table 4.11: Factors that affect the accuracy of conceptual cost estimates 

Source: Serpell, 2005: EST.13.3 
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The data-based methods would require the availability of historical accuracy 

performance of estimate data and to use this data to predict future outcomes. This 

approach ensures that what happened in the past is applicable to similar situations in 

the future (Kaka, 1999: 260). Using the data-based approach, extrapolative or casual 

models can be used for predicting the future. Although these methods are well known 

and are used in many real situations, the assessment of estimate quality presents 

several limitations that preclude their application in this case (Serpell, 2005: EST.13.4). 

 

The judgment-based approach corresponds to the acquisition and processing of 

individual or group opinions, normally from experts in the field of interest (Wilont & 

Cheng, 2003: 273). In this case experts have to assess the values of some critical 

variables looking at the value of the factors that impact them, using qualitative models, 

like the accuracy factor model. However, prediction models that use judgment also 

have some disadvantages for estimate quality assessment (Williams, 2005: 40). These 

disadvantages can be described as follows: 

 

• They are difficult to validate because of the lack of hard data. 

• They are subject to expert biases that can greatly reduce their efficiency. 

• Their performance can be worse than the performance of quantitative 

methods in many cases. 
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Figure 4.15: The relationship of scope changes, escalation, contingency and 

defined scope during the course of the project 

Source: Boeschoten, 2005: EST.20.3 
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Although these limitations are important, they are offset by the more restrictive 

limitations faced by the data-based methods. Also, the complexity of the problem 

makes it more difficult to use a quantitative orientated model. Only when conditions are 

similar in practice can more accurate predictions using quantitative techniques be 

expected (Hua, 2008: 488). When the estimator is dealing with a limited number of 

observations, qualitative methods might be more appropriate (Vilela & Longo, 2008: 

INT.11.1). Unal, Keeting, Chytka and Conway (2005: 36) indicate that on average 

judgmental and quantitative predictions are equally accurate, while in certain 

circumstances judgmental predictions are significantly better. Al-Tabtabai, Kartam, 

Flood and Alex (1997: 273) had similar findings. 

 

Fayek and Oduba (2005: 938) state that the proposed methodology is primarily based 

on experts’ experience and judgment that can be complemented and expanded with 

feedback information generated after each project. This information will serve to 

validate experts’ assessments, to correct biases of experts’ assessments and to 

generate more objective assessment models (Al-Tabtabai et al., 1997: 274). 

 

The assessment of experts is based on the accuracy casual model illustrated in Table 

4.11. Two simplifications are introduced in this model. First, due to the subjective 

nature and the difficulty of assessing the factors that impact the estimator’s 

performance, it has been assumed that this can be considered a constant value (Yiu et 

al., 2005: 109). This assumption will be reinforced if the estimator has a conceptual 

estimating system supported by information technologies. A computer based 

estimating system would also minimise or even eliminate the possibility of procedural 

and calculation errors and significantly reduce the time pressure (Karshenas, 2007: 

IT.06.1; Richards, 2005: EST.12.1). The quality of the estimating procedure can then 

be assumed to be constant (Masmoudi et al., 2005: 300). 

 

Karshenas (2007: IT.06.1) indicates that computer based estimates are based on the 

application of expertise and knowledge through a knowledge-based expert system 

approach. According to Serpell (2005: EST.13.5), the development of this assessment 

methodology requires the solution of the following problems: 

 

• Determination of the assessment reasoning procedure. 

• Acquisition of assessment knowledge. 

• Representation of knowledge. 
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• Combination of experts’ assessments. 

• Determination of estimate reliability. 

 

The assessment reasoning procedure has been designed to evaluate the quality of an 

estimate by providing a qualitative reasoning approach. Table 4.12 displays a general 

flow diagram of this procedure. Serpell (2005: EST.13.5) states that the first step in this 

procedure is to determine the conditions of the new project. These conditions 

correspond to the values on the most detailed level factors or raw factors of the model 

depicted in Table 4.11. They are determined by the user as he appraises the different 

factors for the project/estimate under study. The set containing all these values 

establishes the scenario under which the cost of the project is estimated (Serpell, 2005: 

EST.13.5).  
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Table 4.12: Conceptual estimate quality assessment procedure 

Source: Serpell, 2005: EST.13.4 
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For accuracy assessment it is important to note the characteristics of the construction 

industry and the estimator’s experience relevant for this problem. These characteristic 

are: 

 

• Estimating expertise is specialised, normally by type of project and 

sometimes at even more specific levels (Fayek & Oduba, 2005: 938). As a 

 
Scope 

Improve scope definition process (make it quickly and control changes). 

Practice use of scope estimating. 

Work with clients to make them understand what data is important for accuracy. 

Develop a good understanding of clients’ and designers’ culture and philosophy. 

Develop computer programmes to analyse a project and identify its parts from 

limited detail. 

Get a written scope definition. 

Spend more time and money in the definition phase. 

 

Information 

Keep better historical records. 

Use computer programmes with quantitative inputs and historical data bases. 

Improve feedback mechanisms. 

Assure the availability of day-to-day cost data and systems. 

Improve the availability of information. 

Create a database for trends and rules. 

 

Estimating 

Incorporate risk management tools for estimating. 

Develop better cost factors for estimating. 

More case study about problems and successes. 

Make more realistic assumptions. 

Develop team work attitudes with owner and designer at early stage. 

Develop checklists for items normally included in projects. 

Develop a range of factors (worst to best cases) for components. 

Table 4.13: Recommendations for improving conceptual cost estimating 

Source: Serpell, 2005: EST.13.5 



Chapter 4                                                         Conceptual Cost Estimating Methodology 
_____________________________________________________________________                       

 220 

result of this, estimators are most of the time strongly biased in their 

assessments because they try to relate their experience in every case, even 

if they are assessing a totally different kind of project. 

• It is very common that companies that construct similar kinds of projects 

approach estimating in very different ways. Also, the general attitude of the 

company’s estimating team toward risk can be different. These two factors 

add new biases to the accuracy assessments. 

• The lack of sharing of estimating information between companies in the 

construction industry contributes to the non-availability of global estimating 

data to perform assessments at this more general level. 

 

Table 4.13 provides some recommendations for improving conceptual cost estimating 

in general. 

 

5.0 SUMMARY 

 

Conceptual estimates are generally based on scant project information. The accuracy 

of these estimates can depend on several factors such as the level of project definition, 

the quality of the past historical data and development of factors and algorithms, as 

well as judgment and experience of the estimator. These limitations impede on the 

accuracy of the conceptual estimating process. Conceptual estimates can, however, be 

quite reliable, especially in estimating repeat projects. Generally, the emphasis with 

conceptual estimates is not on detailed accuracy, but on obtaining a reasonable cost 

estimate of sufficient accuracy to ensure that the results are meaningful for 

management to make investment decisions.  

 

The basic process in developing a conceptual estimate can be summarised as follows: 

 

• Develop an estimating plan. 

• Develop major equipment costs (MEC). 

• Apply factored costs. 

• Develop quantified costs. 

• Develop indirect costs. 

• Analyse risks, apply contingency and finalise estimate. 
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The assessment of project risks is probably the most important step in conceptual cost 

estimating. The allocation of costs to allow for risk can be done through an allowance 

for escalation as well as an allowance for a contingency. Specifics of these allowances 

follow in Chapter 6 of this study. 

 

Some of the more well-known conceptual cost estimating procedures include the 

following: 

 

• Probabilistic cost estimation. 

• Ratio conceptual estimating. 

• Regression analysis. 

• Neural network analysis. 

• Parametric estimating. 

 

Irrespective of the type of conceptual estimate used, a good quality cost database will 

always be a requirement and the best way to improve conceptual cost estimates will 

always be to improve the cost database first. Other problems associated with 

estimating can be described as follows: 

 

• Scope definition. 

• Uncertainty evaluation and quantification. 

• Estimating generation and computing. 

• Estimate’s expected accuracy and reliability assessment. 

 

It is a good starting point to realise that the conceptual estimate is an inexact process 

and is to a large degree based on judgment and experience due to a lack of 

information during the early stages of the project. 

 

The main difference between a conceptual estimate and a detailed cost estimate is that 

most of the work and effort to obtain a conceptual estimate is done before the estimate 

actually starts. With a detailed estimate most of the work is done only when 

specifications and drawings from the engineer have been received, making it a much 

longer process. As conceptual estimates are based upon historical data of past 

projects, considerable time will be spent to keep databases up to date and as accurate 

as possible. The following chapter comments on the importance of the historical 

database and how it is applied. 
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CHAPTER 5 

 

DATA COLLECTION AND ANALYSIS 

 

1.0 INTRODUCTION 

 

Data collection and development for conceptual estimating require a significant effort. 

The quality of the resulting model can be no better than the data it is based upon. Both 

cost and scope information must be identified and collected. The level at which the cost 

data is collected will affect the level at which the model can generate costs, and may 

affect the derivation of the CER’s (Cost Estimating Relationship) (Dysert, 2008: 

EST.03.2). 

 

Cost data should be collected at a fairly high level of detail. The data can always be 

summarised later should an aggregate level of this information provide a better model 

(Martin, 2004: IT.02.1). The scope information should include all the proposed design 

parameters or key cost drivers for the model, as well as any other information that may 

affect costs (level of complexity, schedule type, etc.). The type of data to be collected 

usually is decided upon in coordination with the engineering and project control 

communities. Evrenosoglu (2008: CDR.16.1) recommends the creation of a formal data 

collection form that can be used consistently and revised if necessary. 

 

After the data has been collected, it must be normalised before it can be analysed. 

Normalising the data refers to making adjustments to the base cost data to account for 

the differences between the actual basis of the data for each project, and a desired 

standard basis of data to be used in the estimating model (Musgrove, 2008: EST.07.2). 

 

Typically data normalisation implies making adjustments for escalation, location, cost 

scope, site conditions, and system specifications. Costs for historical projects should 

be adjusted to common time frames and common locations serving as the standard 

basis for the model (Assiskumar, 2008:EST.16.1). Normalising for cost scope implies 

making adjustments for the unique scope that a specific historical project incurred but 

that is not included in the standard basis for the model.  

 

Data analysis consists of performing regression analysis of costs versus selected 

design parameters to determine the key cost drivers for the estimating model (Kaka, 
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1999: 257). Reasoned hypotheses or expert opinion might be employed to identify and 

test the best cost drivers. The use of mathematical functions is a time-consuming 

process that takes some experimental efforts to determine the best possible result. 

 

Good data underpins the quality of any estimating system or method. As the acquisition 

community moves towards estimating methods that increase their reliance on historical 

costs, the quality of the data cannot be taken for granted. Industry should find methods 

to establish credible databases that are relevant to the history of the specific 

organisation in question (Martin, 2004: IT.02.1). From this the estimator will be in a 

better position to reliably predict future costs. 

 

2.0 DATABASE REQUIREMENTS 

 

Taking advantage of lessons learned from past experiences and using this information 

to the estimator’s benefit will give him an edge over his competitors when estimating 

future work (Pickett & Elliot, 2007: EST.02.1). Using historical project data to help make 

strategic business decisions can play a significant role in improving the 

competitiveness in the market (Shah et al., 1996: 347). Historical data can assist in 

making decisions as to which projects are more favourable to undertake. It is therefore 

important that information be available to improve estimating, scheduling and control of 

future capital projects. 

 

The world economy and domestic markets play an important role in the petrochemical 

industry, dictating to a large extent the construction of new plants. As work decreases, 

the availability of historical data also tends to decrease, probably because of the non-

availability of resources (Shah et al., 1996: 347). As times improve, more plants are 

constructed which lead to an increased availability of historical data which can be used 

in estimating and benchmarking of projects. Therefore future work cannot be improved 

if historical data is not analysed (Shah et al., 1996: 348). 

 

Resolving database problems to meet user needs is not an easy task. For example, 

cost analysis methodologies may vary from one analysis or estimate to the next and 

the data or information requirements for Cost Estimating Relationships (CER’s) may 

not be constant over time. The current data requirements do not determine future 

needs as well, and should be periodically reviewed (Evrenosoglu, 2008: CDR.16.2). 

The routine maintenance and associated expense should always be a consideration. 
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An outdated database is of little use when forecasting future acquisition costs 

(Assiskumar, 2008: EST.16.1).  

 

Pickett and Elliot (2007: EST.02.1) refer to the lack of sufficient data over the past 25 

years in the Canadian construction industry due to a lull in activities in this market. In 

their opinion, this is largely due to an exodus of experience and an unwillingness of 

management to recognise database development as a necessity and not an 

unnecessary overhead.  Pickett and Elliot (2007: EST.02.1) also refer to cost overruns 

on a range of projects in recent history in the Canadian sector which sparked an 

increased development of databases as the importance of such databases was 

reiterated. Lowe and Skitmore (2001: 490) point out that this has driven the need for 

greater upfront analysis of project cost and schedules. Many companies are realising 

that much more focus is needed in the area of benchmarking and the development of 

associated historical metrics that can be used to validate future projects (Assiskumar, 

2008: EST.16.1). 

 

Before beginning the data collection process, certain methodologies and systems (or 

enablers) must be put in place. Musgrove (2008: EST.07.2) mentions that one of the 

most important of these enablers is obtaining management support. Not only must 

company management support historical project data collection, they must understand 

and actively promote this effort as well. Many resources across the entire company 

hierarchy will be relied upon in order to retrieve and collect this data. Some other 

important enablers are: 

 

• Personnel: Perhaps as important as management support, there should be 

well-trained staff to whom to entrust the database development. Lucena 

(2006: 321 – 322) indicates how engineering experience can influence the 

success of a project. 

• Infrastructure: Regardless of what method is used to collect the data, a 

minimum infrastructure of networking capabilities and computer applications 

will be required to successfully support the database (Mähring, Holmström, 

Keil & Montealegre, 2004: 211; Moussourakis & Haksever, 2007: 601). 

• Code of accounts: When attempting to collect project cost data, there must 

be a systematic method of categorising this information. In order to do this, 

most companies (whether the owner or contractor), will use a standard 

structure most often referred to as a code of accounts (Kohl & Wulke, 2004: 

IT.03.1). In layman’s terms, the code of accounts represents a coded index 
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of project costs, resources and activity categories where codes are used to 

summarise, categorise and manage project information. The code of 

accounts has been discussed in more detail previously in this study. 

• Cost control system: Establishing a code of accounts will be followed by 

ensuring that there is a means of capturing and storing estimated and actual 

project costs and resource data. Once there is an operational cost control 

system in place, it must be capable of collecting and reporting costs using 

the predefined code of accounts (Al-Jibouri, 2003: 144). Only then can costs 

be rolled up into the proper categories which will facilitate the transfer of 

data to the historical system. 

 

3.0 COLLECTION OF ACTUAL PROJECT DATA 

 

Conceptual estimating techniques require the collection of historical cost data and the 

associated non-cost information and factors that describe and strongly influence those 

costs (Kinney & Soubiran, 2004: EST.15.1). Martin (2004b: IT.02.2) points out that data 

should be collected and maintained in a manner that provides a complete audit trail 

with expenditure dates so that costs can be adjusted for inflation. While there are many 

formats for collecting data, one commonly used by industry is the Work Breakdown 

Structure (WBS), which provides for the uniform definition and collection of cost and 

certain technical information (Verveniotis, 2008: PM.02.1). 

 

As mentioned, the establishment of the prerequisites will lead to the collection and 

normalisation of project data (Musgrove, 2008: EST.07.2). Standard project cost 

collection forms should be developed to capture data. Refer to Addendum B within this 

study as a standard sheet to be used for this purpose. As mentioned previously, the 

historical database serves an important purpose in deriving a budget for projects at an 

early stage of their development, as well as in the validating of estimates for new work. 

Assiskumar (2008: EST.16.1) indicates that almost every company in the construction 

business tracks down their own cost information in a format suited to their practice and 

needs. 

 

Various factors play a key role in interpreting the data. Some of these include the size 

of the project, year being built, inflation rate, local market conditions, complexity of the 

project, procurement method, site conditions, etc. (Kuprenas & Nasr, 2007: 114; 

Shash, Assaf & Jannadi, 2007: 18). Hereafter follows a short discussion of the 

influences on costs of any given project that will be reflected in the collected data. 
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The collection point for cost data is generally the company’s management information 

system, which in most instances contains the general ledger and other accounting 

data. All data used in conceptual estimating techniques should be consistent with, and 

traceable to the collection point. The data should also be consistent with the company’s 

accounting procedures and generally accepted cost accounting practices. 

 

Technical non-cost data describe the physical, performance and engineering 

characteristics of a system, sub-system or individual item. For example, weight is a 

common non-cost variable used in CER and parametric estimating models (Polla, 

2007: 14). Other examples of non-cost drivers are horsepower, watts, thrust, etc. A 

fundamental requirement for the inclusion of a technical non-cost variable in a CER is 

that it must be a significant predictor of cost (Edwards, Holt & Harris, 1998: 25). 

Technical non-cost data comes from a variety of sources including engineering 

drawings, engineering specifications, certification documents and interviews with 

technical personnel (Postavaru, 2004: 3).  

 

Once collected, cost data must be adjusted to account for the effect of certain cost 

factors such as production rate, improvement curve and inflation (Kallantzis, Soldatos 

& Lambropoulos, 2007: 485). This process is referred to as data normalisation. 

Relevant programme data including development and production schedules, quantities 

produced, production rates, equivalent units, breaks in production schedules 

(Khosrowshahi, 1997: 255), significant design changes, (Lee, Park & Cho (2007: 159), 

and anomalies such as strikes, explosions and other natural disasters are also 

necessary to fully explain any significant fluctuations in the data. Such historical 

information can generally be obtained through interviews with knowledgeable 

programme personnel or through examination of programme records (Arnold & North, 

2008: 104).  

 

3.1 Work breakdown structure (WBS) 

 

A work breakdown structure is a tree-like structure that permits summing of 

subordinate costs for tasks, materials, etc. into their successively higher “parent” tasks, 

materials, etc. (Gordon, 2008). For each element of the work breakdown structure, a 

description of the task to be performed is generated. Biffi (2008: TCM.02.2) refers to a 

work breakdown structure as organised around the primary products of the project. As 

previously stated this means that the work breakdown structure is organised around 
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the planned outcomes rather than planned actions (Kauffmann, Keating & Considine, 

2000: 13). Chapter 3 contains some general information on the WBS.  

The term Work Breakdown Structure (WBS) is defined by the Department of Defense 

(2005: 5) in terms of aircraft weapon systems as: 

a. A product-oriented family tree composed of hardware, software, services, 

data, and facilities. The family tree results from systems engineering efforts 

during the acquisition of a defense material item.  

b. A WBS displays and defines the product, or products, to be developed 

and/or produced. It relates the elements of work to be accomplished to each 

other and to the end product. In other words the WBS is an organised 

method to breakdown a product into sub-products at higher levels of detail. 

c. A WBS can be expressed down to any level of interest. Generally, the top 

three levels are sufficient unless the items identified are high cost or high 

risk. Then is it important to take the WBS to a lower level of definition. 

 

Refer to Chapter 3 for more generalised definitions of a WBS. Figure 5.1 demonstrates 

a typical WBS evolution. This WBS evolution illustrates how a WBS would evolve on a 

typical development project. The Department of Defense (2005: 9) suggests this 

evolution model for WBS when dealing with defense contracts. This model can also be 

used when plotting any WBS in a particular project. 
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3.2 Data sources 

 

Kinney (2006: EST.21.1) states that the specification of an estimating methodology is 

an important step in the estimating process. The basic conceptual estimating 

methodologies are all data driven (Kinney & Soubiran, 2004: EST.15.1). Credible and 

timely data inputs are required to use any of these methodologies. Table 5.1 shows 

nine sources of data, and also whether they are considered a primary or a secondary 

source. Primary data sources will attract the most attention from the estimator. 

 

Primary data is obtained from the original source and considered to be the best quality 

and the most reliable (Park & Peña-Mora, 2004: 630). Secondary data is derived from 

primary data, and is therefore not obtained directly from the source. Because of this, 

this form of data might be of lower overall quality or usefulness (Melamed et al., 2007: 

RISK.06.2). The collection of the data necessary to produce an estimate and its 

evaluation for reasonableness is critical and often time-consuming. Collected data 

include cost, programme and technical and schedule information because these 

programmatic elements drive costs (Thurlow, 2009: 30 September). The bottom line is 

that the cost analyst and estimator are not solely concerned with cost data – they need 

to have technical and schedule information to adjust, interpret and support the cost 

data being used for estimating purposes. 
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A cost estimator has to know the standard sources of historical cost data. This 

knowledge comes both from experience and from those people capable of answering 

key questions (Van der Werf, 2004: EST.07.2). A cost analyst or estimator should 

constantly search new sources of data.  

 

Musgrove (2008: EST.07.3) states that some sources of data may be external. These 

include databases containing pooled and normalised information from a variety of 

sources (Harris, 2004: CDR.13.1). Although such information can be useful, it may 

have the following weaknesses: 

 

• No knowledge of the manufacturing and/or software processes used and 

how they compare to the current scenario being estimated (Vits, Gelders & 

Pintelon, 2007: 5). 

• No knowledge of the procedures used by other contributors. 

• No knowledge of the treatment of anomalies in the original data. 

• The inability to accurately forecast future indices (Yu & Ive, 2006: 788). 

 

Sources of data 

Source Source type 

Basic accounting records Primary 

Cost reports Either (Primary or secondary) 

Historical databases Either 

Functional specialist Either 

Technical databases Either 

Other information systems Either 

Contracts Secondary 

Cost proposals Secondary 

 

Table 5.1: Sources of data 

Source:  SCEA, 2005: Appendix B page 5 
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3.3 Type of data to be collected 

 

Stenzel and Stenzel (2003: 2) define cost as follows: 

 

“Cost is an outflow of a resource, whether in cash, as a payable, a 

rendered service, or a trade or barter that is consciously made with 

expectation of benefit to the organisation: goods, property, or 

service required.” 

 

The estimator needs costs to complete his estimate and to submit a competitive price 

into the market. Especially in the case of conceptual estimates, it will be necessary to 

rely on data that support the above definition of cost, to enable the estimator to build a 

meaningful estimate. 

 

3.3.1 Project description and scope 

 

A clear description of the project scope (Sharma & Lutchman, 2006: EST.16.1) will 

enable the estimator to produce an effective estimate in the sense that similarities 

between plants or portions of plants can be identified more easily (Sonmez, 2004: 678). 

Technical data such as plant density, heights of structures, type of material used, 

access restraints, etc. will have to be stated. 

 

3.3.2 Size of project 

 

Economies of scale suggest a direct relation between the size of a project and the cost 

thereof (Shash et al., 2007: 19). Larger projects will cost more than their smaller 

counterparts, but the individual unit rates for different sections will be less than that of a 

smaller project (Ashworth, 2004: 23; Cha & O’Connor, 2005: 241). It is therefore 

important to note the size of the project to make this adjustment. 

 

3.3.3 Location and local market conditions 

 

Martin (2004b: IT.02.1) comments that the construction industry is one of only a few 

industry types where the “production factory” is constantly moved to a different location 

according to where the next project is situated. Jansen-Rommijn (2008: EST.13.1) 

states that the work does not come to the factory, the factory goes to the work, and in 

most cases, to different locations. Oladapo et al., (2008: 118) discuss the importance of 
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location adjustment factors. This makes dealing with the challenges of location difficult 

and almost every project is unique in this sense. Some of the considerations that will 

influence cost due to different locations and market conditions can be tabulated as 

follows: 

 

• Added cost for transportation. 

• Availability of skilled labour. 

• Local labour union restrictions. 

• Local by-laws and regulations and standards. 

• Accessibility to other facilities. 

• Security concerns. 

• Safety and environmental considerations (Karam & Venter, 2007: 36). 

 

3.3.4 Site conditions 

 

Site conditions with respect to access, proximity of other structures and construction 

difficulties related to topographical, geological and climatic conditions are to be 

investigated (Deschenes & Greenstone, 2007: 355; Kaiser, Pulsipher & Martin, 2005: 

120). As far as the season is concerned, winter construction is more expensive 

(Assisskumar, 2008: EST.16.3) and may cause costly delays. Production is less during 

winter time, especially in countries where extreme cold is experienced (Lapidow, 2007: 

45 – 46). Nogueira and Paixão (2007: 455) indicate similar difficulties associated with 

locations where extreme heat occurs in summertime. Should the project be constructed 

in more favourable climatic conditions and at a different time of the year, less labour 

availability (O’Mahony, Robinson & Vecchi,  2008: 1438), increased cost of equipment 

such as scaffolding, etc. can be experienced due to the increased construction 

activities (Shapira & Goldenberg, 2007: 750; Shapira, Lucko & Schexnayder, 2007: 

692). 

 

3.3.5 Year of construction 

 

The year in which the project is being constructed is important for two reasons, the first 

being the adjustment for escalation (inflation) to normalise the data to a common base 

and the second to identify specific market spikes that occurred in that year (Touran & 

Lopez, 2006: 855). The price of steel can, for instance, increase abnormally during a 

specific year which will lead to a market panic, causing contractors and sub-contractors 
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to increase prices by more than the suggested escalation to counter similar market 

movements during the construction phase of the project (Hagmann, Stoy & Terashima 

2008: INT.07.2). 

 

3.3.6 Overhead and profit 

 

Ibbs and Nguyen (2008: 32) and Enshassi, Aziz and Karriri (2008: 38) point out that 

different sentiments exist regarding overhead and profit application to the general 

project cost. Normally, the smaller the project, the greater the percentage of overhead 

costs and profit (Ikpe, Potts, Proverbs & Oloke, 2007: PM.12.1). If data from other 

companies or sources are being used, the estimator should make sure that he 

understands the conditions as to which overheads and profit have been applied to. This 

will enable him to normalise the data to a common base (Dieterle, 2008: CDR.10.3). 

 

3.3.7 Complexity of work 

 

Jiao and Tseng (1999: 739) comment on the effect of the use of standard construction 

methodology versus that of non-standard methods. A great deal of process plant work 

can be considered as standard type construction work. Most clients make use of similar 

specifications and most clients have similar safety requirements and hold points 

(mandatory stoppage to allow inspection to take place) for inspections (McCarthy, 

2004: 8). Should this not be the case, the estimator will have to adjust the data to allow 

for these additional costs. Pickavance (2008: CDR.15.1) discusses the effect of 

complex contracts and contract claims. A generalised discussion with the construction 

manager of a given project will reveal most of the information needed to make the 

necessary adjustments. 

 

3.3.8 Procurement method 

 

Contractor and consultant selection and appointment play an important role in the 

costing of the overall project. The type of contract used can also influence that ultimate 

pricing structure (El Wardani, Messner & Horman, 2006: 231). For instance, the 

implementation of the New Engineering Contract (NEC) in recent years caused 

uncertainties within the industry that influenced prices. The very nature of this contract 

is such that more resources are required to fulfill the contract’s obligations which will 

also lead to increased costs. Procurement may also have an effect on project costs 

when specialised work is conducted (Leadre, Austeng, Haugen & Klakegg, 2006: 692). 
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In many cases, there are limited numbers of contractors/consultants to perform this 

type of work that may lead to abnormalities in pricing (Kuprenas & Nasr, 2007: 114). 

 

3.4 Data normalisation 

 

Data normalisation reduces inconsistencies and anomalies within the data. Data 

normalisation was also discussed in Chapter 4 of this study. Assiskumar (2008: 

EST.16.2) states that data must be adjusted to eliminate any bias or “unevenness” 

which other factors may have caused. This is referred to as normalisation and is 

intended to make the data set homogeneous, or consistent. The analyst should 

evaluate each data set and make sure that it is free from the effects of: 

 

• the changing value of money over time, 

• cost improvement as the organisation improves its efficiency over time, 

• various production quantities and rates during the period from which the 

data were collected. 

 

Figure 5.2 depicts the data normalisation process flow. This figure does not describe all 

activities in detail, but it does provide an illustration of the primary activities in data 

normalisation. 

 

The first step in the normalisation process is to weed out any projects where the data is 

deemed to be unusable (Evrenosoglu, 2008: CDR.16.2). The following are some 

reasons why data might not be acceptable: 

 

• Deviant accounting and/or project controls. 

• Too small project. 

• Direct equipment purchase (where the crux of the contract is mainly for 

equipment or material procurement). 

• Ad hoc projects (where certain portions of the project are of a “once-off” nature 

making the data suspect since it cannot be considered to be the norm). 

 

After removing the projects or portions of projects that should not be used in the 

database, the data should further be altered to make it comparable (Martin, 2004b: 

IT.02.2). The following steps will normally apply: 
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• Making the units of cost consistent. 

• Making the year of economics consistent (common time frame). 

• Account for missing cost items if possible. 

• Remove cost items that are not applicable. 

• Assigning a project classification. 

 

3.4.1 Inflation adjustments 

 

Inflation is defined as the rise in the general level of prices, without a rise in output of 

productivity (Karpetis, 2008: 208). There is no fixed way to establish universal inflation 

indices (past, present and future) that fit all possible situations. Inflation indices 

generally include internal and external information and factors (Faig & Jerez, 2006: 3). 

The Consumer Price Index (CPI) and Production Price Index (PPI) are examples of just 

two external factors that will influence inflation (Flemming & Koppelman, 2009: 22).  

 

Inflation indices should be based on the cost of materials and labour on a unit basis 

and should not include other considerations such as manpower loading, or the amount 
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of materials used per unit of production (Hamood Al-Harthy, 2007: 280). The key to 

inflation adjustments is consistency. If cost is adjusted to a fixed reference date for 

calibration purposes, the same type of inflation index must be used in escalating the 

cost forward or backwards from the base date, or the date of the estimate (Lum, 2004: 

32). More information on escalation and the effect thereof will follow in this study. 

 

3.4.2 Cost improvement curve (learning curve) 

 

Wong et al., (2007: 476) point out that when first developed, cost improvement was 

referred to as “learning curve” theory, which states that as the quantity of a production 

item doubles, the manufacturing hours per unit expended producing it decrease by a 

constant percentage. The learning curve, as originally conceived, analysed labour 

hours over successive production units of a manufactured item, but the theory behind it 

has now been adapted to account for cost improvement (Zheng, Ng & Kumaraswamy, 

2005: 82). Both cost improvement and the traditional learning curve are defined by: 

 

Y = AXb 

 

Where: 

 

Y = Hours per unit 

A = First unit hours 

X = Unit number 

b = Slope of the curve related to learning 

 

There are two interpretations concerning the application of this equation. In the unit 

interpretation, Y is the hours or cost of unit X only. In the cumulative average 

interpretation, Y is the average hours or cost of all units from 1 to X, inclusive. More 

information on the cost improvement curve was presented in Chapter 4. 

 

3.4.3 Production rate 

 

Mountney, Gao and Wisealls (2007: 1522) define the production rate as the number of 

items produced over a given period of time. The improved equation below modifies the 

basic formula to capture changes in production rate (Qr) and organisational cost 

improvement (Xb): 
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Y = AXb Qr 

 

Where: 

 

Y  = Hours per unit 

A  = First unit hours 

X  = Unit number 

b  = Slope of the curve related to learning 

Q = Production rate 

r   = Slope of the curve related to the production rate 

 

This improved equation is generally applicable when there is substantial production at 

various rates. The production rate variable (Qr) adjusts the first unit dollars (A) for 

various production rates during the life of the production effort. The equation also yields 

a rate-affected slope relating to learning.  

 

3.4.4 Consistent scope 

 

Song and AbouRizk (2005: 362) suggest that only data of projects with similar scopes 

should be compared. If the scopes do not correspond, modifications should be 

incorporated to adjust the data to make the scopes comparable. 

 

3.4.5 Anomalies (unusual events) 

 

Historical cost data should be adjusted for anomalies when it is not reasonable to 

expect the new project estimates to contain these unusual costs (Kaka, 1999: 259). 

The adjustments and judgments used in preparing the historical data for analysis 

should be fully documented. Perfect cost data may not exist, but good judgment and 

analysis should supply reasonable results (Pickett, 2005: EST.10.3). 

 

A contractor should use historical data and his estimating system should provide for the 

identification of source data and the estimating methods and rationale used to develop 

an estimate (Poh, Malcolm & Horner, 1995: 125). Therefore, all data, including any 

adjustments made, should be thoroughly documented by the contractor so that a 

complete trail is available for verification purposes. Pickett & Elliott (2007: EST.02.3) 

indicated some key questions that should be asked during the review of data collection 

and analysis include: 
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• Is sufficient data available to adequately develop parametric techniques? 

• Has the contractor established a methodology to obtain, on a routine basis, 

relevant data on completed projects? 

• Is cost, technical and programme data collected in a consistent format? 

• Will data be collected in a manner that is consistent with the contractor’s 

estimating practice? 

• Are procedures established to identify and examine any data anomalies? 

• Was the source data used as is, or did it require adjustment? 

• Are adjustments made to the data points adequately documented to 

demonstrate that they are logical, reasonable and defensible? 

 

4.0 IMPLEMENTATION OF A HISTORICAL DATABASE SYSTEM 

 

With sufficient project cost and schedule information available, an automated system 

can either be purchased or developed to contain all the historical information 

(Musgrove, 2008: EST.07.3). This system will contain a database of historical project 

cost, schedule, resource and technical data from completed projects and should be 

capable of generating presentation reports. The goal of the project historical database 

system is to collect data and convert it into a strong knowledge base that can be used 

to drive improvements throughout the project process (Martin, 2004b: IT.02.3; Kaka, 

1999: 257). It is also generally acknowledged that companies that use historical 

database systems can improve their overall project performance over a period of time. 

 

Implementing a project historical database system will allow a company to provide the 

following: 

 

• Cost estimate validation for formal estimate reviews. 

• Generation of key benchmark data for estimate reviews. 

• Cost estimate database calibration information. 

• Front-end or strategic level cost estimates. 

• Strategic level scheduling information. 

 

The data contained in the historical database system can be used for various 

purposes, as described above. Martin (2004b: IT.02.3) indicates that the primary goals 

will be to improve current practices relating to estimating, cost control, strategic 

scheduling and standard project processes. This can be done by converting the 



Chapter 5                                                                              Data collection and analysis                        

______________________________________________________________________ 

 238 

historical project data into a useful knowledge base that can identify deficiencies and 

highlight areas for improving the overall project performance (Kaka, 1999: 257). Some 

of the most important contributions of the historical database are as follows: 

 

• Benchmarking: One of the primary benefits of the project historical database 

is to provide benchmarking data and factors that will be an invaluable aid for 

reviewing and validating estimates (Chan & Chan, 2004: 210). The estimate 

review should include a benchmarking report that compares ratios and 

factors from the estimate being reviewed with historical values from similar 

types of projects in the database.  

• Database calibration: In addition to providing benchmark data for estimate 

reviews, the historical data that was collected can also be used to check 

and calibrate the estimating unit cost database. This is especially important 

during times when labour and material pricing are volatile (Mochtar & Arditi, 

2001: 410). Comparing data from the database can assist the estimator in 

ascertaining the current market conditions by comparing current situations 

with similar historical situations (Olhager & Selldin, 2007: 1475). 

• Conceptual cost estimating and scheduling: As previously mentioned in this 

study, the database can also be used to create conceptual cost estimates. 

By mainly using the expensive mechanical equipment as a major cost 

directive, the database can be used through means of factors to determine 

the cost of the rest of the project.  

• Strategic project planning: Using historical project information related to 

work breakdown structures, schedule logic and account coding, the lessons 

learned from successful and failed projects can be applied during the front- 

end planning session, start-up, etc. (Popescu & Jerz, 2008: CSC.03.2).  

 

4.1 Development of an international cost database 

 

A good estimator can readily estimate the cost of a domestic project using cost data 

that he is familiar with on a daily basis. Estimating international projects, however, 

involves working in foreign currencies (Kapp, 2004: 3), using different resource rates 

and working with labour crews operating at different levels of productivity (Koehn & 

Jagushte, 2005: INT.3.1). 
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One method of generating conceptual estimates on international work is to take the 

costs of a similar domestic project and convert those costs using published location 

factors. Reliable location factors for the type of project or the applicable country may 

not exist. These location factors also become unreliable when the scope of work or mix 

of work varies from the base project they are compared against (Aibino & Odeyinke, 

2006: 667). 

 

Hewitt (2007: INT.05.1) comments that the cornerstone of developing an international 

cost database is to start with a comprehensive detailed domestic work breakdown and 

resource database covering a similar scope of work as the project that is being 

estimated in the foreign country. The domestic WBS and resource database should 

include resource rates for labour, material and sub-contractors (Biffi, 2008: TCM.02.2). 

The data should also include typical crew makeup with associated production rates and 

productivity worker-hour factors. Construction equipment rates should be developed 

from first principles and include current equipment values, depreciation and interest 

rate formula, parts and labour repair factors, and equipment fuel consumption (Shapira 

& Goldenberg, 2007: 750). Refer to Chapter 2 for productivity factors. 

 

4.1.1 Resource database conversion 

 

Hewitt (2007: INT.05.1) demonstrates five basic steps towards converting a resource 

database into something that can be used to estimate project costs in a foreign 

country. These include the following: 

 

• currency exchange conversion, 

• labour rate conversion, 

• equipment rate conversion, 

• productivity rate conversion, 

• material rate conversion. 

 

Most estimating systems have functions that allow you to convert or factor resource 

rates as well as production rates. To better understand Hewitt’s database converting 

steps it will be necessary to elaborate on these below. 
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4.1.2 Currency exchange conversion 

 

The first step is to convert all resource rates according to the exchange rate between 

the domestic and foreign country. Galf and Monacelli (2008: 117) point out that this 

converts the database into the currency of the estimate. This would also handle the 

conversion of construction equipment and process equipment values that are normally 

procured competitively on an international basis. For example, the base value of any 

particular piece of equipment, excluding freight, taxes and duties, would be the same 

anywhere in the world. 

 

4.1.3 Labour rate conversion 

 

At this stage, the labour rates would be in the correct currency, but not necessarily in 

the local currency. Local currency refers to the rates that will apply to a certain area 

within the country in question. The conversion of rates is mainly done in two steps; first, 

by converting the labour rates and then, the management rates. The “trade rate factor” 

is the ratio of a sampling of the foreign trade rates to a sampling of the domestic 

database (Hale, 2008: 34). The management rates are converted in a similar fashion. It 

is necessary to do this in two steps because there is normally a much more significant 

variance between management and trade labour rates in developing countries than the 

more industrialised countries. Hewitt (2007: INT.05.2) points out that this variation may 

be as high as 20/1 in developing countries and 2/1 in more industrialised nations. 

 

The rates can be converted globally first and updated in detail down to the resource 

level depending on the level of detail required. The lower the labour rates, the less 

important it is to update down the individual resource level. Depending on the precision 

required, labour rates may be factored based on payroll burden adjustments such as 

holiday pay, workers compensation, union dues, government deductions, as well as 

travel and subsistence requirements (Horman & Thomas, 2005: 840). 

 

4.1.4 Construction equipment rate conversion 

 

The conversion of equipment values and parts costs based on currency exchange 

rates has been discussed. The construction equipment rate conversion should now be 

taken further and adjusted according to the local mechanic rate, fuel price, power rate, 

interest rate and typical equipment use for the location of the project. For example, use 

factors for equipment are significantly different in northern countries where excavation 
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equipment may only be able to work eight to nine months a year (Shapira & 

Goldenberg, 2007: 752). The maintenance and repair component of the rates is 

significantly influenced by the mechanic’s labour rate. 

 

4.1.5 Productivity rate conversion 

 

Productivity is usually measured in two ways, either as a production rate or a worker-

hour factor (Song & AbouRizk, 2005: 362). For equipment dominated activities such as 

excavation or pipeline work, productivity is usually measured as a production rate per 

unit of time. Examples would be m3/hour or meter/day. 

 

The “production rate conversion factor” is based on equipment driven production rates 

to a sampling of the foreign production rates in the domestic database (Squires, Reid & 

Jeon, 2008: 85). There is usually not a significant difference in these rates using the 

same equipment. Although there may not be a significant difference in the production 

rate per unit of time, there is usually a significant difference in the worker-hours per unit 

of measure (Thomas et al., 2003: 255). This is normally due to a difference in crew 

sizes due to union rules, safety considerations, work habits and cultural differences. 

Chapter 2 contains more information on productivity analysis. 

 

Converting production rates is in itself a two step process. Firstly, the production rates 

should be factored and secondly, the crew sizes should be adjusted to even out crew 

mixes (O’Connor & Huh, 2005: 1015). As mentioned above, productivity can also be 

measured as a worker-hour factor. For a labour dominated item such as set and strip 

formwork or process piping, productivity is usually measured as a worker-hour factor, 

such as worker-hour/m2. 

 

The “labour worker-hour conversion factor” is based on labour driven production rates 

and is the ratio of a sampling of the foreign worker-hour factors to a sampling of 

worker-hour factors in the domestic database. Hewitt (2007: INT.05.3) indicates that 

there is usually a significant difference in these factors and that they can vary by as 

much as 200 percent. 

 

4.1.6 Material rate conversion 

 

The conversion of database rates to the currency in question has been discussed. A 

factoring of basic material commodity rates should now commence. The basic 
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commodity rates include cement, timber, steel, etc. (Hewitt, 2007: INT.05.3). This step 

requires the estimator to determine the local price for these commodities and then 

compare these with similar commodities in the domestic database. For example, the 

price of grout and concrete are mainly determined by the price of cement. By 

determining the ratio of cement prices one can factor all cement based material rates to 

a common base.  

 

4.1.7 Updating the database to allow for international costing 

 

A common approach when bidding for international projects is to convert a similar 

estimate prepared on a similar type project by using location factors (Oladapo et al., 

2008: 119). This is considered to be a top down conversion whereas the methodology 

discussed earlier in the chapter is a bottom-up conversion. The top down conversion 

relies on converting labour based worker-hour factors and tends to ignore equipment 

based production rates and crews. The top down conversion method will not work for 

equipment dominated projects or any project where productivity is equipment driven. 

 

5.0 DATABASE FOR THE PETROCHEMICAL INDUSTRY 

 

Ratio conceptual estimating has been in use for a number of years (Sonmez, 2004: 

680). To simply refer a cost per pound produced is not good enough and that is why 

ratio conceptual estimating originated (Page, 1996: xv). Management of all 

organisations concerned demand more reasoning behind the structure of the estimate 

in question.  

 

When a project is in its planning and evaluating stages, the cost of a complete design 

and definitive estimate would be, in most cases, too great to justify the design and 

estimate (Vilela & Longo, 2008: INT.11.1). Therefore, it becomes apparent that a less 

expensive method is needed to determine the feasibility of the plant in mind. A very 

important part of conceptual estimating is the development of a historical database 

(Assiskumar, 2008: EST.16.1). 

 

The second part of this chapter is dedicated to the development of such a database, 

based on actual historical data of South African petrochemical projects. No specific 

information such as plant name and location have been mentioned due to 

confidentiality constraints, but all data collected have been obtained from typical 

petrochemical projects within the borders of South Africa. Addendum D reflects the 
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sets of data that were obtained from various projects. The data has been grouped 

together not by project, but rather by engineering field. The reason for this is that in 

South Africa it will be difficult to find enough petrochemical projects that are similar in 

operation, but when broken down can provide valuable information. A maximum of 45 

different data fields might have been used in some cases, but this depends on the 

availability of the data. 

 

In some cases, the material (equipment, etc.) was supplied by the client and the 

contractor only had to allow for installation of this equipment. In such cases, ratios were 

developed based on the installation quantities and rates only. In each such event it has 

been clearly stated that the specific portion of the database only includes for installation 

and not the supply of the equipment. This mostly occurred with the installation of 

mechanical equipment and piping. 

 

The purpose of the database is to provide ratios for both quantities and rates of the 

most commonly used engineering fields that carry the most cost when constructing a 

petrochemical plant. The ratios are set out in such a way that it can be interactively 

applied if only limited information of a proposed new plant/addition to a plant is known. 

This is the essence of conceptual cost estimating as has been described in Chapter 3 

and 4. 

 

6.0 BASIC STRUCTURE OF DATABASE 

 

The development of the data as contained within Addendum D was derived from 

several petrochemical projects that were constructed during recent history. Detail of the 

specific projects cannot be provided due to secrecy agreements, but the information 

required to build the data within the database was sufficient to draft adequate data. 

 

An important consideration is that only final quantities (as built quantities) have been 

used. These quantities refer to the quantities as agreed between the contractor and the 

client at completion of the work. The rates used in the database are those that have 

been agreed between the contractor and the client. Considering the free market 

principle, one can then accept that the quantities and rates are market-related 

(Kuprenas & Nasr, 2007: 114). In other words, the ratios contained within Addendum D 

are based upon quantities and rates that would have been used by any competitive 

able contractor for that specific project at that point in time. 
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Data normalisation for the data contained in Addendum D for quantity based data was 

done in the sense that only data from ISBL (in-side battery limits) areas was used. If 

the data from OSBL (outside battery limits) areas were used, the ratios derived from 

this data would be skewed because the type of work between these areas normally 

differs quite a lot. 

 

The rates to each of the 45 projects used to obtain data from have been kept the same 

(refer to Addendum D). Normalisation takes place in the form of “mean” and “median” 

adjustment which will be discussed in Chapter 8. Musgrove (2008: EST.07.3), 

however, points out that although data normalisation is important, it should be 

minimised. Once a certain project’s data requires too many adjustments it will also 

become suspect since it is very difficult to forecast some adjusting factors and in some 

cases these factors rely to a large extent on the estimator’s experience. Figure 5.3 

illustrates how rates data can be normalised to suit the project’s needs. 

 

The adjustment of rates as set out in Figure 5.3 is calculated by adjusting the 

percentages in columns A to F. The symbol “A”, for instance, represents “Escalation 

factor”, “B” represents “Size-of-the-project factor” and so forth. As the percentage 

allowance against each base rate gets adjusted, the rate contained in the “Total” 

column will alter. The effect of each percentage gets calculated on the original base 

rate. The total influence of all factors will in other words be calculated against the base 

rate and the net effect will be added to the original base rate. 

 

The influence of each factor as stated in Figure 5.3 and the effect it has on the rate will 

be calculated according to the prevailing conditions (physical or economical) when the 

project in question was constructed. These adjustments can be made either by means 

of formulas applying published factors, as the case will be when adjusting escalation. In 

some cases there will be no published factors available and the estimator will have to 

rely on his judgment based on experience. 
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Civil rates data normalization Date Jan-10

Escalation factor A

Size-of-the-project factor B

Market conditions factor C

Location factor D

Complexity factor E

Productivity factor F Labour only

Overhead and profit factor G

Procurement factor H

Description Unit Base rate A B C D E F G H Total

% % % % % % % %

Site clearance m2 5.00R           15% 2% 0% 10% 0% 11% -1% 3% 7.00R           

Demolish concrete m3 1,200.00R    15% 2% 0% 10% 0% 11% -1% 3% 1,680.00R    

Bulk excavation m3 70.00R         20% 2% 0% 10% 0% 11% -1% 3% 101.50R       

Excavation m3 100.00R       20% 2% 0% 10% 0% 11% -1% 3% 145.00R       

Imported backfill and compact m3 300.00R       20% 2% 0% 10% 0% 5% -1% 3% 417.00R       

High tensile rod reinforcement t 8,650.00R    30% 2% 0% 10% 0% 2% -1% 3% 12,629.00R  

Concrete - supply and place m3 1,150.00R    25% 2% 0% 10% 0% 4% -1% 3% 1,644.50R    

Pile augering m 1,750.00R    18% 2% 0% 10% 0% 11% -1% 3% 2,502.50R    

80mm Concrete interlocking 

block paving m2 200.00R       22% 2% 0% 10% 0% 5% -1% 3% 282.00R       

Brickw ork m2 550.00R       20% 2% 0% 10% 0% 4% -1% 3% 759.00R       

 

Figure 5.3: Civil rates data normalisation; base rates – 2003 

 

The effects of escalation will be discussed in Chapter 6 of this study. The data as set 

out in Addendum D has been set up in such a way that escalation to the rates will not 

be necessary as it will not influence the ratios. The ratios derived from rate data only 

indicate the ratio between the rates. If a ratio conceptual estimate is being conducted, 

the principle rates, which will be the current market related rates, will be used together 

with the ratios to determine the new rate. Chapter 7 can be consulted for examples of 

how the ratio conceptual estimate will be executed. 

 

The size of the project will influence the rates when considering economies of scale. It 

is common knowledge that the more one has to manufacture or construct of the same 

item, the less the unit cost becomes. Should a graph be drawn based on such data, the 

graph will not form a straight line, but a parabolic curve. Allowances for adjustments to 
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rates based on economies of scale can only be done based on experience and expert 

judgment, but the overall effect on the rates in general will not be that significant since 

mostly bigger sized project’s (green field projects) date are being used to populate the 

database (Gerber, 2008: personal interview). In Figure 5.3 an allowance of 2% has 

been made to increase the rates slightly since the project from which the data was 

drawn was slightly smaller than the norm. 

 

Market conditions also influence labour and material prices. The normal increase in 

rates is covered in the escalation allowance, but certain specific market or economic 

conditions may have influenced rates at the time that the project in question was 

constructed. The availability of labour, for instance, might have been very poor or it 

might have been difficult to obtain a certain material due to strikes or high demand 

elsewhere. The adjustment of market conditions is also based on experience and 

normally requires a collective effort from the project team. There were no special 

market conditions that required a change in the rates based on the data that was set 

out in Figure 5.3. 

 

Oladapo et al., (2008: 118) comment on the development of location adjustment factors 

for the construction industry. In other parts of the world similar factors have been 

developed, but not much has been done in this regard in South Africa. Expert judgment 

will therefore be required to make the necessary alterations to the rates. This judgment 

will be driven by factors such as: 

 

• added cost for transportation, 

• availability of skilled labour, 

• local labour union restrictions, 

• local by-laws and regulations and standards, 

• accessibility to other facilities, 

• security concerns, 

• safety and environmental considerations. 

 

To determine the extent of the location factor the rates for projects in the same location 

of the proposed new project for which the estimate is being done need to be divided by 

the base rates of the project that is used as a base project. The calculation will be as 

follows: 
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Description Unit Rate X Rate Y % change

Site clearance m² 5.00R           5.50R           10%
Demolish concrete m³ 1,200.00R    1,320.00R    10%
Bulk excavation m³ 70.00R         77.00R         10%
Excavation m³ 100.00R       110.00R       10%
Imported backfill and compact m³ 300.00R       330.00R       10%
High tensile rod reinforcement t 8,650.00R    9,515.00R    10%
Concrete - supply and place m³ 1,150.00R    1,265.00R    10%
Pile augering m 1,750.00R    1,925.00R    10%
80mm Concrete interlocking block 

paving m² 200.00R       220.00R       10%
Brickwork m² 550.00R       605.00R       10%

Rate X - Rate of project which is used as a basis for new rate

Rate Y - Rate of project in same location as estimated project  

Table 5.3 Rate adjustment based on project location 

 

The percentage calculated here correlates with the percentage used in Figure 5.3. 

 

Complexity is difficult to measure and normally requires the project team to compare 

the complexity level of a specific project to that of the norm. The question might be 

raised as to what exactly is the “norm”? Over years of experience engineers acquire 

the ability to judge the level of complexity for each project. Because of the fact that only 

similar projects or engineering fields within projects are compared to each other, the 

necessity to adjust rates due to complexity are minimised. 

 

Productivity differs according to the time in which it was measured as well as the 

location of the project (Enshassi, Mohamed, Mustafa & Mayer, 2007: 245). Different 

factors are published that can assist the estimator to adjust the productivity from one 

project to the next. In America, for example, the US Gulf Indexes are used (Thomas & 

Sakarcan, 1994: 230). In South Africa the available data is limited. Stats SA does, 

however, publish a productivity index (Stats SA, 2010: online available – 03 March 

2010). Productivity, however, only applies to labour so the allocated percentage 

adjustment for productivity should only be applicable to the labour content of each rate. 

Figure 5.3 illustrates the data of a particular project. Although the productivity 

adjustment for the total trade will be the same, the allocation to each different item will 

vary depending on the labour content. 

 

“Site clearance”, for example, has a 100% labour content. In this case the full 

productivity adjustment factor will apply. “Concrete – supply and place” on the other 

hand has a partial labour content of 35% (Williams, 1996: 118). The productivity index 
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will therefore only affect this portion of the rate. The adjustment of the data as 

contained in Figure 5.3 has been based on a base rate of 2003 and an adjustment to a 

target date of 2006.  

 

Industry 2003 2004 2005 2006 2007 

Printing and publishing 100.00 104.46 82.06 90.53 87.32 

Industrial chemicals 100.00 77.62 70.94 67.12 55.40 

Other chemicals 100.00 112.72 112.75 67.12 55.4 

Petroleum and related products 100.00 104.49 90.04 85.82 114.17 

Plastic products 100.00 103.74 89.82 104.30 131.66 

Iron and steel 100.00 107.86 122.20 129.49 109.89 

Non-ferrous metals 100.00 112.11 130.16 129.45 146.65 

Non-electrical machinery 100.00 97.43 90.73 118.00 106.60 

Electrical machinery 100.00 85.98 87.68 83.58 73.40 

Transport equipment 100.00 95.76 85.50 79.48 80.84 

Professional and scientific equipment 100.00 93.92 84.38 97.01 84.19 

R&D intensive industries 100.00 99.65 95.12 100.95 106.07 

Food products 100.00 90.38 109.31 125.00 150.78 

Beverages 100.00 100.34 113.16 116.26 138.65 

Tobacco 100.00 100.64 99.08 99.85 129.61 

Textiles 100.00 87.89 117.75 89.06 128.92 

Wearing apparel, except footwear 100.00 117.39 107.23 118.10 115.91 

Leather and fur products 100.00 108.21 155.97 154.57 192.92 

Footwear, except rubber or plastic 100.00 114.02 115.92 110.86 147.34 

Wood products, except furniture 100.00 102.72 96.40 79.62 83.42 

Furniture and fixtures, excluding metal 100.00 92.32 82.70 82.14 87.88 

Paper and products 100.00 104.57 97.91 97.89 85.03 

Rubber products 100.00 110.67 112.79 118.17 124.43 

Non-metallic mineral products 100.00 87.89 89.87 97.78 79.99 

Glass and products 100.00 121.02 149.95 116.42 128.10 

Fabricated metal products 100.00 103.65 94.73 81.81 89.58 

Other manufacturing industries 100.00 91.64 109.88 110.99 74.53 

 

Table 5.2:  Labour productivity index: 2003 – 2007 (2003 = 100) 

Source:      Stats SA, 2010: online available – 03 March 2010 
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Using the data as set out in Table 5.2 an adjustment of 11% (rounded off) has been 

made, based on the factor for “Other manufacturing industries”. Items with a lesser 

labour content attracted a lesser percentage increase. 

 

The database has been developed in such a way as to represent the typical modern 

petrochemical plant that is currently being designed and built in South Africa. All the 

typical construction methods and typical plant and equipment used have been taken 

into account. The breakdown of the structure of the database is shown below. 

Drawings and photographs have been added to illustrate the typical design details of 

the structures at hand. The sources from which these drawings and photographs have 

been obtained can, however, not be revealed due to secrecy agreements. 

 

A CIVIL WORKS 

 

 A Site clearance and demolitions 

 B Bulk earthworks 

 C Piling 

 D Road works 

 E General paving and bunded areas 

 F Manholes, valve boxes, catch basins and sumps 

 G Pump and pipe support bases and plinths 

 H Tank bases and bunding 

 I Pipe and cable rack foundations 

 J Simple structural foundations 

 K Complex structural foundations 

 L Concrete pipe racks and foundations 

 M Concrete structure including concrete columns and beams 

 N Major equipment bases with blast proof walls 

 O Major equipment bases and elevated concrete structure 

 P Buildings – concrete frame 

 Q Buildings – steel 

 R Canopies – steel 

 S Weighbridge 

 T Pump house 

 U Cooling Tower 

 V Emergency dam 

 W Heavy duty cable tunnel 
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B STRUCTURAL STEEL 

 

 A Basic platform 

 B Pipe rack 

 C Complex structure 

 D Stack 

 E Walkway 

 F Cable gantry 

 

C PIPING 

 

 A ½ Inch 

 B ¾ Inch 

 C 1 Inch 

 D 1 ½ Inch 

 E 2 Inch 

 F 3 Inch 

 G 4 Inch 

 H 6 Inch 

 I 8 Inch 

 J 10 Inch 

 K 12 Inch 

 L 14 Inch 

 M 16 Inch 

 N 18 Inch 

 O 20 Inch 

 P 36 Inch 

 Q 42 Inch 

 

D NDE TESTING 

E MECHANICAL INSTALLATION 

F PAINTING AND INSULATION 

G ELECTRICAL AND INSTRUMENTATION 

H PRELIMINARIES AND GENERAL  

 

 

 



Chapter 5                                                                              Data collection and analysis                        

______________________________________________________________________ 

 251 

6.1 CIVIL WORKS (Item A in database – Addendum D) 

 

6.1.1 Site clearance and demolitions (Item AA in database – Addendum D) 

 

No specific allowance for site clearance and demolition works has been made in the 

database because in most cases these items differ from project to project. Demolition 

work is especially an item of variance from project to project and it will be dangerous to 

try and pin it down by means of ratio allocation. It will be best to make specific 

allowances for site clearance and demolitions when the estimate is being conducted. 

 

6.1.2 Bulk earthworks (Item AB in database – Addendum D) 

 

Bulk earthworks normally include soil replacement in areas with poor soil conditions 

and will in most cases be 2 to 4m deep depending on the structural requirements. The 

sides of the excavations are normally sloped and trimmed. In-situ beds needs to be 

ripped and compacted and the excavated soil will be carted away to a dump site. 

 

6.1.3 Piling (Item AC in database – Addendum D) 

 

The ratios for the allowance of piling include for the site establishment of the piling rig, 

setting-up of the rig at each piling position and drilling of the pile. The average pile 

diameter is 600mm. Piles will be on average 20m deep and of 35MPa concrete with a 

bulbous base. Pile rod reinforcement is included and each pile’s integrity will be tested. 

A limited percentage of the piles will be load tested. Allowances can also be made for 

raking piles should the need arise. 

 

6.1.4 Road works (Item AD in database – Addendum D) 

 

Road works in petrochemical plants normally consist of bitumen surfaces with 

interlocking block paving or in-situ concrete at the intersections. Normal pre-cast 

kerbing is used and in most cases standard signage and road markings. The ratios 

allow for some basic sleeves, but the storm water drainage, manholes, etc. are 

provided for elsewhere. 
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6.1.5 General paving and bunded areas (Item AE in database – Addendum D) 

 

When referred to in the process engineering context, paving refers to concrete paving 

to prevent soil contamination and to provide a safe and durable working platform. 

These areas will normally include the general areas under and around the structures 

and will in most cases cover the complete plant. Bunded areas refer to concrete 

finishing to areas that are enclosed with a concrete wall and a spill basin/catch pit. 

Bunding will occur when plants or portions of plants handle dangerous chemicals. The 

purpose of the bunding is to contain and collect any possible future spillage that might 

harm the environment. 

 

6.1.6 Man holes, valve boxes, catch basins and sumps (Item AF in database – 

Addendum D) 

 

All man holes, valve boxes, catch basins and sumps are covered by this section. 

Sundry items such as water stops are also included. Underground storm water pipe 

work is included here. 

 

6.1.7 Pump and pipe support bases and plinths (Item AG in database – Addendum 

D) 

 

These bases will only be the small bases and plinths that will support stands or some 

pieces of small equipment. 

 

6.1.8 Tank bases and bunding (Item AH in database – Addendum D) 

 

Almost every petrochemical project has some form of storage facilities and most of 

these come in the form of tanks. These tanks are (in most cases) constructed on site 

from metal sheeting on pre-constructed concrete bases. Depending on the tank 

capacity, there might be soil replacement and/or piling, but these items will be included 

in the relevant section. The bunding of the bases will also be included in these ratios. 

Figure 5.4 and Figure 5.5 show a plan and section of a tank base. 
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Figure 5.4: Large concrete tank base with cross walls to allow human access for 

inspection 
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6.1.9 Rack foundations (Item AI in database – Addendum D) 

 

Figure 5.6 gives a plan of a typical lay-out of rack foundations which also forms the 

basis for the calculation of the ratios in Addendum D. In stable soil conditions, rack 

foundations will normally be simple foundations, but where ground conditions are 

suspect, piles are normally used. 

 

 

 

 

 

Figure 5.5: Plan of large tank bases with surrounding bunded area 
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6.1.10 Simple structural foundations (Item AJ in database – Addendum D) 

 

Figure 5.6 and Figure 5.7 show a typical pile cap/ground beam configuration.  

 

6.1.11 Complex structural foundations (Item AK in database – Addendum D) 

 

Photo 5.1 shows a complex concrete structure indicating cable racks and 

interconnecting structural steelwork. Photo 5.2 shows a close-up of complex concrete 

structures showing typical concrete beams and columns. Figure 5.6 depicts part of a 

plan of a typical foundation for a more complex structure.  

 

 

 

Figure 5.6: Typical pile cap and ground beam foundation 
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Photo 5.1: Complex concrete structures indicating cable racks and 

interconnecting structural steelwork 

 

Photo 5.2: Close-up of complex concrete structures showing typical concrete 

beams and columns. 
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6.1.12 Concrete pipe racks and foundations (Item AL in database – Addendum D) 

 

Figure 5.7 illustrates the plan of a typical rack foundation. In most cases the racks will 

be structural steel with concrete foundations. Good soil conditions may not require 

piled foundations, depending on the structural loading of the foundations. Photo 5.1 

and Photo 5.2 indicate the typical concrete super-structure where concrete columns 

and main beams are utilised. Addendum D contains the ratios of quantities and rates of 

concrete top structures with the foundations.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.7: Plan of rack foundations indicating pile caps and ground beams 
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6.1.13 Concrete structure including concrete columns and beams (Item AM in 

database – Addendum D) 

 

This type of structure is similar to concrete pipe structures (item AL in database), but it 

normally supports intricate equipment with high corrosion characteristics that will 

corrode steel structures. Photo 5.1 and Photo 5.2 demonstrate such structures. 

Structural steel members are connected to concrete members by means of cast-in 

steel plates welded to the steel members.  

 

6.1.14 Major equipment bases with blast proof walls (Item AN in database – 

Addendum D) 

 

Photo 5.3 shows a view of a large foundation type with blast proof walls. Blast proof 

walls are normally added to a structure if there is a possibility that the equipment will 

cause major damage to the surrounding structures if the blast (should it explode) is not 

at least partially contained.  

 

 

 

 

 

 

 

 

 

 

 

 

6.1.15 Major equipment bases including elevated structure (Item AO in database – 

Addendum D) 

 

These types of bases will be used in conditions where heavy equipment must be 

placed and where aggressive chemicals are present.. Concrete beams and columns 

are used to prolong the corrosion on the material as shown in Photo 5.1, Photo 5.2 and 

Photo 5.4.  

 

 

 

Photo 5.3: Large foundation with blast proof walls 
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6.1.16 Buildings – concrete columns with brick in-fill (Item AP in database – Addendum 

D) 

 

Most of the buildings constructed on petrochemical projects consist of a concrete frame 

with brick in-fill panels, steel roof construction and sheet metal roof covering. Photo 5.5 

shows a typical sub-station building with transformer bays in the forefront. Figures 5.8, 

5.9, 5.10, 5.11 and 5.12 illustrate typical sections, elevations and plans of such 

buildings. 

 

 

 

 

Photo 5.4: Typical large equipment base. Bolt pockets and bolts can be seen. 
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6.1.17 Buildings – Structural steel frame with metal roof sheeting and side cladding 

(Item AQ in database – Addendum D) 

 

Workshops and stores are generally constructed in this fashion. Figure 5.13 and 5.14 

indicate a plan view and some elevations of the typical structures in question. The 

foundations of the structures are included in the ratios and form part of the total cost for 

the structures. 

 

 

 

 

Figure 5.8: Elevations of a typical store/workshop building 
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Photo 5.5: Typical sub-station building 

 

Figure 5.9: Plan and basic footprint of store/workshop building 
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6.1.18 Steel canopy (Item AR in database – Addendum D) 

 

Steel canopies are generally erected over equipment that must be protected from direct 

sunlight and rain. It consists of a steel structure with a roof and no side cladding. Figure 

5.15 and 5.16 demonstrate a typical steel canopy structure. The ratios include civil 

works to allow for the complete cost associated with this type of structure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.10: Typical elevations of concrete frame structure with brick in-fill panels 
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Figure 5.11: Sections through concrete frame with brick in-fill 
 

 

 

 

 

Figure 5.12: Three dimensional view of a typical brick building 
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Figure 5.13: Plan and elevation of a structural steel frame building with metal roof and side sheeting and limited brickwork 
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Figure 5.15: Plan view of steel canopy structure 

 

 

 

Figure 5.14: End elevations of structural steel building with steel roof and side 

cladding and some limited brick usage 
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6.1.19 Weighbridge (Item AS in database – Addendum D) 

 

Figure 5.17 and 5.18 illustrate a typical weighbridge and office. The mechanical 

equipment (load cells, etc.) are housed in the concrete void and are not included in 

these calculations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.16: Section through steel canopy structure 
 

 

 

 

 

Figure 5.17: Typical weighbridge plan 
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6.1.20 Pump house (Item AT in database – Addendum D) 

 

Pump houses are generally constructed from a mixture of concrete and brickwork. 

 

6.1.21 Cooling tower (Item AU in database – Addendum D) 

 

Photo 5.6 illustrates a typical concrete cooling tower. Industrial cooling towers can be 

used to remove heat from various sources such as machinery or heated process 

material. The primary use of large, industrial cooling towers is to remove the heat 

absorbed in the circulating cooling water systems used in power plants, petroleum 

refineries, petrochemical plants, natural gas processing plants, food processing plants, 

semi-conductor plants, and other industrial facilities. 

 

6.1.22 Emergency dam (Item AV in database – Addendum D) 

 

The emergency dams in question are earth dams with liners and paving to prevent any 

seepage into the underground. These dams are normally empty and only act as spill- 

ways in case of emergency to prevent environmental damage. 

 

 

 

 

 

 

 

Figure 5.18:  Typical weighbridge office 
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6.1.23 Heavy duty cable tunnel (Item AW in database – Addendum D) 

 

These cable tunnels are actually underground concrete service tunnels that house high 

voltage electrical cables. The ratios can be applied to any concrete service tunnel. 

Figure 5.19 indicates a longitudinal section and a cross section through such a tunnel. 

 

 

 

 

 

 

 

 

 

 

Photo 5.6: The preferred water cooling tower design (vertical draft) in the 

petrochemical industry 

 



Chapter 5                                                                              Data collection and analysis                        

______________________________________________________________________ 

 269 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.2 STRUCTURAL STEEL (Item B in database - Addendum D) 

 

6.2.1 Basic platform (Item BA in database – Addendum D) 

 

Figure 5.20 demonstrates the typical basic steel platform. These platforms normally 

consist of structural steel members (beams and columns) bolted onto concrete bases. 

The civil work is not included in the ratios. Steel grating provides a service platform and 

the hand railing is normally a purpose made steel railing. 

 

6.2.2 Pipe rack (item BB in database – Addendum D) 

 

Figure 5.21 shows some typical details of steel pipe racks. Pipe racks may have some 

limited access platforms and service platforms with cat ladders, but the bulk of the 

structure will consist of steel columns and beams. 

 

6.2.3 Complex structure (Item BC in database – Addendum D) 

 

Figures 5.22, 5.23 and 5.24 provide some images of how the typical complex steel 

supporting structure may look. Equipment can be accessed by means of steel stairs 

and cat ladders which spill out on grating.  

 

 

 

 

 

Figure 5.19: Cross section through typical cable tunnel 
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6.2.4 Stack (Item BD in database – Addendum D) 

 

Figure 5.25 shows some typical elevations and sections of a steel supporting structure 

for a stack. 

 

6.2.5 Walkway (Item BE in database – Addendum D) 

 

Figure 5.26 demonstrates some details for a typical steel walkway. 

 

6.2.6 Cable gantry (Item BF in database – Addendum D) 

 

Elevations and sections of a typical steel cable gantry can be seen in Figure 5.27.  

 

Figure 5.20: Basic steel platform 
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Figure 5.21: Plan of a typical steel pipe rack 
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 Figure 5.22: Three dimensional view of a typical complex steel supporting 

structure 
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Figure 5.23: Plan of a typical complex steel supporting structure 

showing the stairwell 
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Figure 5.24: Section through typical complex steel supporting structure 
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Figure 5.25: Longitudinal section through typical structural steelwork for stack 
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Figure 5.27: Three dimensional view of supporting steel for a cable rack 
 

 

 

 

Figure 5.26: Elevation and plan for structural steel walkway 
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6.3 PIPING (Item C in database – Addendum D) 

 

6.3.1 Piping – (sizes as per section CA to CQ contained in Addendum D) 

 

Piping normally constitutes quite a sizable portion of the total cost involved in a process 

plant. The piping material is in most cases free issue material which will be procured by 

the client, but installed by the contractor. For this reason, the supply cost of the piping 

material has been ignored in this study, and only the installation of the piping material 

has been taken into consideration.  

 

A popular method of measuring the labour content in the total piping installation is by 

making use of work units. One work unit includes all the direct labour (excluding 

supervision), small tools, scaffolding, cranage, etc. to complete, for example, 2,5 hours 

of work. Every item in the piping installation is then measured according to standard 

work unit allocations of which an example can be viewed in Addendum C. All pipe sizes 

and all work associated with the piping installation is covered by pre-determined 

company standards such as the ones illustrated in Addendum C. 

 

6.4 NDE TESTING (Item D in database – Addendum D) 

 

Non-destructive testing (NDT) is a wide group of analysis techniques used in science 

and industry to evaluate the properties of a material, component or system without 

causing damage. Because NDT does not permanently alter the article being inspected, 

it is a highly valuable technique that can save both money and time in product 

evaluation, troubleshooting, and research. Common methods used include 

radiographic testing (RT), dye penetration testing (DP), magnetic particle testing 

(MPT), post weld heat treatment and material hardness testing (MHT). 

 

6.5 MECHANICAL INSTALLATION (Item E in database – Addendum D) 

Mechanical equipment are almost always “free issued” to the contractor, meaning the 

client procure the equipment and will then officially hand it over to the contractor for 

safe keeping to be installed at a later stage. The installation will form part of the 

estimate and is normally measured in weight and priced per ton. 

 



Chapter 5                                                                              Data collection and analysis                        

______________________________________________________________________ 

 278 

6.6 PAINTING AND INSULATION (Item F in database – Addendum D) 

 

Painting and insulation (hot and cold) will be measured as the net area to be covered. It 

is normally measured in square meters except where the insulation of valves or other 

equipment on lines is necessary. The insulation of such items might be measured in 

number. Painting to structural steel is normally measured in tons. 

 

6.7 ELECTRICAL AND INSTRUMENTATION (Item G in database – Addendum D) 

 

Electrical wiring in general refers to insulated conductors used to carry electricity and 

associated devices. Electrical equipment includes any machine powered by electricity. 

They usually consist of an enclosure, a variety of electrical components, and often a 

power switch. The electrical scope normally includes all cabling, racking, equipment, 

etc. necessary to take the plant to production. 

Instrumentation plays a significant role in both gathering information from the field and 

changing the field parameters, and as such is a key part of control loops. An instrument 

is a device that measures or manipulates variables such as flow, temperature, level, or 

pressure. Instruments include many varied contrivances which can be as simple as 

valves and transmitters, and as complex as analysers. Instruments often comprise of 

control systems for varied processes. The control of processes is one of the main 

branches of applied instrumentation. 

Control instrumentation includes devices such as solenoids, valves, circuit breakers, 

and relays. These devices are able to change a field parameter and provide remote or 

automated control capabilities. 

Transmitters are devices which produce an analog signal, usually in the form of a 4 to 

20 mA electrical current signal, although many other options using voltage, frequency, 

or pressure are possible. This signal can be used to control other instruments directly, 

or it can be sent to a PLC, DCS, SCADA system, or other type of computerised 

controller, where it can be interpreted into readable values and used to control other 

devices and processes in the system. 
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6.8 PRELIMINARIES AND GENERAL (Item H in database – Addendum D) 

All indirect costs associated with the construction of the plant will be allowed for in the 

Preliminaries and General. These include items such as management and supervision, 

on-site facilities, communication facilities, plant and equipment and ablution. 

7.0 SUMMARY 

The use of historical data to assist in making strategic decisions and to conduct cost 

estimating may play a significant role in improving competitiveness in the market. 

Before the data collection process can begin, certain methodologies and systems must 

be in place. Not only must company management support historical data collection, but 

they must also understand and actively promote this effort. 

Conceptual estimating techniques are especially reliant on historical data. Good data 

normalisation and good sources of data will lead to better quality data. Improving the 

quality of the data will without doubt improve the quality of the estimate. Normalising 

the data, in other words adjusting the data to make it comparable to other sets of data, 

will include adjusting it for economic differences, site conditions, etc.  

Data from in-house sources are preferable. Each organisation has its own methodology 

of construction with its own management styles. These aspects can influence the 

outcome of the data and eventually the outcome of the estimate. Given the global 

nature of chemical processes and clients/owners offering operating licenses to 

international companies, much of the data that is available is of an international nature. 

In cases like these, even further data normalisation is required. Currency exchange 

conversions, productivity rate conversions and international costing are but a few 

anomalies that need to be taken into account. 

The typical database structure of a petrochemical plant has been depicted in this 

chapter. Brief descriptions of important notes have been entered to accompany 

Addendum D which contains the ratios of a typical process plant. 

Construction risk has quite a significant influence on the price tendered and must be 

addressed. Depending on the nature of the project at hand, the project contingency can 

be a sizable amount. Arbitrary allowances of contingencies are dangerous and in the 

current competitive market cannot be allowed. Chapter 6 covers the theory behind 
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contingency analysis and the effect of and calculation of escalation which can have a 

serious effect on the total price, especially on projects with a long duration. 
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CHAPTER 6 

 

COST ESCALATION AND CONTINGENCY ANALYSIS 

 

1.0 INTRODUCTION 

 

Cost escalation forecasting and contingency calculation and management are probably 

the most difficult concepts to quantify and to manage during the life of a construction 

project (Blyth & Kaka, 2006: 89). These two risks have a large probability of occurring, 

and they have an impact or consequence, making them typical construction risks. 

Mismanaging these risks can have a serious effect on the success of the project. 

 

Prasad (2008: EST.S02.1) points out that risks will occur during the total life span of 

the project. When the probability and/or consequences related to these risks are 

reduced to the point that it is no longer a threat to the success of the project, the risk is 

eliminated (Koller, 2005: 4). It is therefore important to note what the effect or 

consequences of risk will be. This process is known as assessment and has to take 

into consideration the complete process of risk identification, risk analyses and risk 

evaluation (Garlick, 2007: 3).  

 

A handy method to achieve a range of solutions when conducting risk analysis is the 

Monte Carlo analysis process (Vargas, 2004: CSC.16.2). This technique is generally 

used to solve problems for which the definition of specific solution equations to 

calculate a specific answer is either too complex or too cumbersome to be practical. In 

a sense a Monte Carlo analysis is a form of a repeatable experiment whose accuracy 

can be increased should the number of tests be increased (Patterson, 2006: IT.05.03). 

Monte Carlo analysis is, however, not a substitute for good quality historical data and 

the use of historical data should always be promoted (Whiteside, 2008: EST.04.2).  

 

Construction escalation is an effect of inflation. The general increase of prices does not 

necessarily constitute inflation (Ball & Petrowski, 2007: EST.09.1). The costs of 

commodities should rise fairly rapidly to be classified as inflation. The definition of 

inflation should therefore be that the rise of prices occurs over a relative short period of 

time. Two main types of inflation are identified, cost-push and demand-pull; the latter 

almost always having more extreme effects than the first (Flemming & Koppelman, 

2009: 22).  



Chapter 6                                                      Cost Escalation and Contingency Analysis                        

______________________________________________________________________ 

 282 

The effect of inflation is not distributed evenly, and as a consequence there are hidden 

costs and benefits to others from this decrease in purchasing power. Lum (2004: 32) 

states that with high inflation, purchasing power is redistributed from those on fixed 

incomes, such as pensioners, towards those with variable incomes. The redistribution 

of purchasing power will also occur between international trading partners. The best 

counter measures to restore a sound growth rate in the economy are to increase the 

amount of resources available and the efficiency of their use (Gransberg & Carlisle, 

2008: EST.09.1). 

 

Inflation is considered to be a general change in prices caused by the debasement of 

the value of the currency (Lum, 2004: 32). Construction cost escalation includes the 

effect of inflation, but reflects changes in price drivers such as productivity and 

technology, as well as changes in market conditions such as high demand, labour 

shortages and profit margins. Construction escalation varies for different capital 

components such as office and field labour, bulk material and equipment. It also varies 

by region and procurement strategy (Olhager & Selldin, 2007: 1470).  

 

Hassanein and Khalil (2008: 20) indicate that forecasting escalation rates can play an 

important role in project profitability or viability especially for large multi-year 

construction and development projects. The estimator must predict the cost for goods 

and services that must be procured in the future, perhaps many years from now 

(Hollmann & Dysert, 2007: EST.01.4). Some of the more important factors influencing 

cost escalation can be described as follows: major natural disasters, increase in 

material cost, bid market disruptions, high volume of construction work, and the 

regulatory climate.  

 

Measuring and tracking cost escalation requires a reasonably accurate index based on 

information that is reliable and captures a wide enough spectrum of data that all 

aspects of escalation are covered (Touran & Lopez, 2006: 855). Engineering 

construction indices such as SEIFSA and PPI are two examples of escalation indices 

that are used in South Africa to calculate the effect of escalation on construction costs. 

Each index should be evaluated on how it is intended to be used for a particular project 

or process calculation. Indices which are based on statistical information are more 

likely to be objective than those based on the opinions or views of individuals. 

 

Cost indices should, however, be used with caution since these indices are only 

approximations intended to represent the average trend for a large group of projects in 
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a broad region (Butts, 2007: EST.08.1). The indices are generic and conceptual in 

nature, and judgment must be applied in using them in any given situation. The 

dominant escalator in the current market is poor allocation of risk. To manage cost 

escalation and minimise the impact of future cost increases or other factors which will 

arise to put additional pressure on the market, project owners need to change how they 

think about, and handle projects. 

 

Escalation is not controlled and driven by the management of a company. It is macro-

economics driven and largely beyond the control of the estimator (Gransberg & 

Carlisles, 2008: EST.09.1). Even the best defined and managed projects will face price 

increases driven by underlying economic conditions. Escalation has, however, become 

a “politically correct” hiding place for contingency as many estimators find it difficult to 

provide proper reasoning as to why they made certain contingency allowances. The 

“un-scientific” nature of escalation forecasting makes it a vulnerable entry within the 

estimate. 

 

Contingency is, however, not an allowance for escalation, but is intended to mitigate 

the adverse impacts of unforeseen events (Whiteside, 2007: EST.04.1). It is a reserve 

against risk or estimate assumptions and a function of design, definition, estimating 

method, estimator’s experience, time frame, schedule probability, new technology, 

remoteness of job site, engineering progress at the time of estimate and material 

commitment at the time of the estimate.  

 

Typical contributors to cost overruns on projects in the oil and gas industry can be 

summarised as: 

 

• change orders, 

• level of scope definition, 

• bid process, 

• contract risk, 

• market conditions, 

• risk management issues, and 

• performance. 

 

Contingency funds are widely accepted budgeting tools for affording projects 

acceptable levels of cost reliability (Blyth & Kaka, 2006: 87). However, a global 
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contingency pool can be misleading early in the project. Risk associated with initial 

project definition can consume a disproportionate amount of contingency, exhausting 

the available reserve funding prior to project completion. 

 

The majority of projects set their contingency using techniques that can be grouped 

into one of three categories: predetermined percentage, expert’s judgment, and risk 

analysis. Irrespective of the method used to determine contingency, it should be 

managed (Prasad, 2008: EST.S02.1). Contingency funds are included in development 

budgets to provide managers with the flexibility required to address uncertainties and 

deviations that threaten achieving the objectives. Improving contingency management 

requires an understanding of how managers make budget contingency decisions and 

the impacts of those decisions on performance (Ripley, 2004: CSC.08.1).  

 

2.0 RISK MANAGEMENT 

 

Garlick (2007: 3) points out that managers in all organisations have to make decisions 

and act bearing future uncertainty in mind. Koller (2005: 4) took the loose connotation 

of risk and uncertainty and broke it down into four categories: risk, uncertainty, 

probability, and consequence. To him, there seems to be a propensity to confuse 

probability and/or uncertainty with risk. These four entities are, however, distinct and 

should not be confused. Garlick (2007: 3) and Khan (2007: 14) mention that risk 

management is the knowledge that the future cannot be predicted with certainty, but 

steps can be taken that will favour preferable outcomes over less attractive ones.  

 

Garlick (2007: 3) defines risk management as: 

 

“Risk management is the discipline for making decisions and acting 

whilst demonstrably taking account of this potential for different future 

outcomes.” 

 

A manager applying risk management should be able to understand risk in all its forms. 

Koller (2005: 4) describes risk as follows: 

 

“A pertinent event for which there is a textual description.” 

 

Risk is typically associated with at least two parameters: 
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- Probability of occurrence 

- Consequence (impact) of occurrence 

 

About each of these attributes, one could be sure. For example, if one were to flip a 

coin, one can be sure that the probability of the coin landing “heads-up” is 50%. You 

might also be sure about the prize of winning. In such a case there is no uncertainty 

about the probability or consequence. However, in most business situations one cannot 

state with 100% certainty just what the probability will be, nor what the consequence 

will be if the risk is realised. This creates uncertainty (Koller, 2005: 5). 

 

Uncertainty can at least be related to probability and impact of risk (Lee & Halpin, 2003: 

432). Uncertainty is typically, but not always, represented by a range of values that 

encompasses the range of possibilities. Uncertainties related to construction may 

include the following: 

 

• Uncertainty regarding the probability of an abnormal amount of foul weather. 

• Uncertainty about the probability of a union strike during the cause of the 

project. 

• Uncertainty regarding the possibility that permit delays might be 

experienced. 

 

Koller (2005: 6) mentions that the cost of these uncertainties can be calculated by the 

percentage change between what is considered to be normal and what is conceived to 

be abnormal, multiplied by the number of days and the cost per day. When all risks and 

uncertainties have been identified, steps can be taken to mitigate these risks and 

uncertainties (Odeyinka, Lowe & Kaka, 2008: 10). Whenever uncertainty is involved, a 

Monte Carlo analysis is normally used that allows combinations of distributions. More 

will follow in this study on Monte Carlo analysis. 

 

Picken and Mak (2001: 318) indicate that there are different types of risk at different 

stages in the project life cycle. From the tendering stage (Wong & Hui, 2006: 426) until 

late in the project life cycle, risks will be experienced. At the feasibility and inception 

stages, for example, the client may not have decided exactly on the floor area that is 

required, or the amount of additional floor area over what the basic may be in 

abeyance. Such matters will create uncertainty from an estimator’s point of view. The 

depth of piling for foundations is another typical example of uncertainty. Some of the 
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uncertainties will be eliminated or clarified as the planning of the project develops 

towards the detailed design stage. 

 

When the probability and/or consequence related to risk is reduced to the point that it is 

no longer considered to be a threat to success, the risk is eliminated. Koller (2005: 6) 

states that one should not strive to minimise risk, but rather to eliminate risk. The 

reduction in probability and consequence should, however, be an aim for management 

to strive towards (Jha & Devaya, 2008: 340). 

 

When estimating risk it is important to understand what risk entails and what the 

consequences of risk might be. Garlick (2007: 6) describes the three major business 

risks as follows: 

 

• Systematic under-estimation of the cost and time to carry out activities. 

• Systematic under-estimation of the management resources and managerial 

talent needed to achieve objectives successfully. 

• The essential unpredictability of the future environment. 

 

Arrow (2008: RISK.01.1) demonstrates in Table 6.1 the “hard” and “soft” benefits of risk 

management. 

 

 

“Hard benefits” 

 

“Soft benefits” 

1 Enables better planning, 

scheduling and budgeting. 

1 Improves corporate experience and 

general communication. 

2 Increases the likelihood of a 

project adhering to its schedules 

and budgets. 

2 Leads to common understanding and 

improved team spirit. 

3 Leads to the use of the most 

suitable type of contract. 

3 Helps distinguish between good and 

bad management. 

4 Allows a more meaningful 

assessment of contingency 

fund. 

4 Helps develop the ability of staff to 

assess risks. 

5 Discourages the acceptance of 

financially unsound projects. 

5 Focuses project management 

attention on the real and most 

important risks. 
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“Hard benefits” 

 

“Soft benefits” 

6 Contributes to the build-up of 

statistical information for better 

decision making. 

6 Facilitates greater risk-taking, thus 

increasing benefits gained. 

7 Enables a more objective 

comparison of alternatives. 

7 Demonstrates a responsible approach 

to clients. 

8 Identifies and allocates 

responsibility to the best Risk 

Owner. 

8 Provides a fresh view of the personnel 

issues on a project. 

 

Table 6.1: The “hard” and “soft” benefits of project risk management 

Source: Arrow, 2008: RISK.01.1 

 

2.1 The risk management process 

 

Figure 6.1 emphasises the broad scope of risk management compared with just risk 

assessment. In particular, it emphasises the importance of implementation. Risk 

management is an active (or pro-active) continuous activity (Garlick, 2007: 16).  

 

Garlick (2007: 14) defines risk management as follows: 

 

“Risk management is the culture, process and structures that are 

directed towards realizing potential opportunities whilst managing 

adverse effects.” 

 

2.2 Risk assessment 

 

Garlick (2007: 13) defines risk assessment as follows: 

 

“Risk assessment is the overall process of risk identification, risk 

analysis and risk evaluation.” 

 

Starting the risk analysis process will be the identification of the risks involved. Risk 

analysis is dependent on what risks have been identified. The standard method is 

generally to engage in some sort of brainstorming session with the intention of 
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promoting comprehensiveness by systematically considering what can go wrong with 

each element of a project or system. People from different functions should sit together 

and understand the activity and share their perspectives on the risks and opportunities 

involved in their projects and what should be done about them (Kubitscheck, 2000: 

39). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Caddell, Crepinsek and Klanae (2004: RISK.01.1) have broken down the risk 

assessment process into the following categories: 

 

Step 1 - Review: Key activities in this step include familiarisation of the project, 

formal review of the cost estimate and/or schedule and kick-off meeting 

(Jambhekar & Weeks, 2007: OWN.02.1). 

Set strategy and 
objectives 

PLAN 

REVIEW DO 

Communicate with stakeholders 

Establish risk context 

Implement risk treatments 

Review risk Assess risk 

Communicate risk 

MANAGING 

MANAGING 
RISK 

Figure 6.1: The risk management process 

Source: Garlick, 2007: 16 
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Step 2 - Identify: All project risk should be identified as well as the project’s key 

cost elements (Carlos & Formosco, 2006: 76). This process step is 

most important in setting the appropriate foundation for subsequent 

modelling and simulation. 

Step 3 - Model: Although the risk analysis consists of applied probability and 

statistics, the creation of a cost or schedule model is the “art” of the 

effort (Sakka & El-Sayegh, 2007: 124). Herath & Kumar (2007: 307) 

point out that the model must define all the key dependent and 

independent variables and how the project risks affect them. 

Step 4 - Range: The results of the risk analysis are influenced by the range of 

possible variation in cost elements and schedule activity durations 

(Borysowich, 2007: 06 June 2008). The objective of this step is to 

gather sufficient knowledge for the project participants to adequately 

define the optimistic, most likely and pessimistic view of variations to 

cost elements or schedule activity durations. 

Step 5 - Simulate: Computer software packages are available to simulate risks, 

mostly making use of the Monte Carlo analysis process (Vargas, 2004: 

CSC.16.2). More detail is given on this process later in this study. 

Step 6 -  Summarise: The ultimate deliverable of the risk assessment process is 

to be able to produce a report that summarises the sensibility and 

simulation results, as well as an expert interpretation of the results. 

 

Ker-Fox (2004: 2) comments on the risk management process followed by the Pebble 

Bed Modular Reactor (PBMR) in the planning of the nuclear power plant at Pelindaba 

(South Africa). Figure 6.2 depicts the process. Here risk and opportunity are identified 

within the project scope. To mitigate risk, the development, implementation and 

monitoring of control strategies are implemented and systems for communicating risk 

information within the organisation are developed.  

 

2.3 Risk analysis 

 

Risk analysis occurs after risk assessment so that when dealing with risk analysis, the 

risks should be well developed, but unprioritised. Patterson (2006: IT.05.1) points out 

that the key aspect of risk analysis is to be able to assign likelihood and consequence 

to each specific risk. There are two choices: either do it qualitatively, or with numbers 

(i.e. quantitively).  
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Lofton and Coppo (2007: RISK.05.1) point out that risk analysis is important to be able 

to consistently predict the final costs in projects. Estimates are developed in various 

stages of the project. The earlier in a project an estimate is developed, the more 

incomplete the information will be. With the incomplete information comes risk 

(Humphreys, 2004: 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Many of the pitfalls and difficulties in developing and interpreting risk analysis can be 

overcome by using an interview risk analysis (Lofton & Coppo, 2007: RISK.05.1). This 

type of risk analysis utilises answers to questions to drive the statistics. The questions 

that are asked relate to the ultimate risk exposure on the project. In the traditional risk 
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Figure 6.2:  PBMR risk management process 

Source:  Ker-Fox, 2004: 3 



Chapter 6                                                      Cost Escalation and Contingency Analysis                        

______________________________________________________________________ 

 291 

analysis, a question might be asked, e.g. “How much higher could the piping quantities 

be?” In an interview risk analysis, the question would be asked in a way that relates to 

scope, with a definite answer (Mulambya, 2007: RISK.08.1). It may be asked as 

multiple questions, such as, “Does the project have Issued for Construction (IFC) 

drawings, and/or does the project have IFC plot plans?” The answers to these 

questions have definite “yes” or “no” answers. The answers to these questions 

determine the potential for increase or decrease from the estimated value. Risks will be 

derived from these questions and these risks can be tabulated in a “risk register” as 

illustrated in Figure 6.3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Patterson (2006: IT.05.03) refers to the drivers of cost risk and how these drivers 

influence cost and why they should be considered when assessing the risks involved. 

Patterson states that controlling project cost is a science unto itself and a highly sought 

after project management skill. Add to this the complexity of risk and uncertainty and 

the situation becomes even more involved. Miscalculate cost estimates at the bidding 

phase and the enterprise runs the risk of entering into a loss-making venture. 

Mismanage cost overruns due to uncertainty during the execution of the project and 

“…the best laid plans fall to the wayside…” The following can be seen as general risks 

when pricing a project: 

 

Inputs 
 

Tools and techniques 
 

Outputs 

1.) Organisational 
process assets 

2.) Project scope 
statement 

3.) Risk 
management 
plan 

4.) Risk register 
5.) Project 

management 
plan – project 
schedule 
management 
plan, project 
cost 
management 
plan 

 1.) Data gathering 
and representation 
techniques 

2.) Quantitative risk 
analyses and 
modeling 
techniques 

 

 1.) Risk register 
(updates) 

 

 

Figure 6.3:  Quantitive risk analysis: Inputs, tools and techniques, and outputs 

Source:  Mulambya, 2007: RISK.08.1 
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Duration of tasks –  Lu and Anson (2004: 218) state that normally loaded resources, 

i.e. rate-based resources that are assigned to tasks, are going to 

incur varying costs to the project as the task duration changes. If 

a task takes twice as long as planned, the cost of the task is 

going to double if it has been assigned a rate-based resource 

(Chau, 1998: 42). Fixed cost resources are not impacted by 

varying task durations. 

Resource rate/cost – Both fixed and rate-based resources costs are dependent on their 

respective cost values (Templeton, 2006: IT.03.1). A task with a 

rate-based cost is going to vary in cost not only due to variations 

but will also be dependent on the value of the resource rate. 

Resource burn rate and number of resources required – Burn rate risk is typically 

driven by the need for more resources to complete planned work 

than originally expected (Voss, Sirdeshmukh & Voss, 2008: 155). 

If two bricklayers have been assigned to a task and it turns out 

that three are required in order to complete the task before a 

given deadline, then further costs will be incurred. 

Uncertainty of scope – Poorly defined and managed scope is the most significant 

reason for project failure. To further add to the complexity of cost 

uncertainty due to the above drivers, uncertain scope can lead to 

further cost overruns (Wallwork, 2007: CDR.07.1). 

 

2.4 Monte Carlo analysis 

 

Monte Carlo analysis uses the process of simulation to achieve a range of solutions to 

a problem (Koller, 2005: 157). This technique is generally used to solve problems for 

which the definition of specific solution equations to calculate a specific answer is either 

too complex or too cumbersome to be practical (Verschoor, 2005: RISK.10.1). In Monte 

Carlo analysis, input variables are typically represented as distributions of values. 

Values comprising these distributions represent the range and frequency of occurrence 

of possible values for the variables. Monte Carlo analysis is a statistical procedure 

based upon random selection or chance (Whiteside, 2008: EST.04.2). The name 

Monte Carlo is taken from the city Monte Carlo (in Monaco) made famous by the 

games of chance. 

 

Monte Carlo analysis or distribution sampling was arguably first presented formally by 

Student in the early 1900’s. At first, Monte Carlo analysis was treated as being distinct 
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from experimental sampling or model sampling, both of which involve random selection 

from populations. Vrijland (2005: DEV.06.1) points out that the term Monte Carlo was 

restricted to processes in which weighted or importance sampling was used to increase 

the efficiency of the sampling process. The restricted use of the term later faded 

because high-speed computers lessened the importance of an efficient sampling 

process (Al-Sudairi, 2007: 112). 

 

Koller (2005:157) states that today, the term Monte Carlo analysis can be applied to 

any procedure that uses distribution-based random sampling on approximate solutions 

to probabilistic or deterministic problems. These types of problems were exemplified by 

the first practical use of Monte Carlo analysis – addressing the probabilistic aspects of 

particle diffusion associated with the design and construction of the first atomic 

weapons at Los Alamos during World War II. Monte Carlo analysis was also used in 

the development of nuclear weapons. 

 

2.4.1 The concept of Monte Carlo analysis 

 

In a sense, Monte Carlo is a form of a repeatable experiment. Garlick (2007: 195) 

offers the following basic procedure that predicts the outcome of a Monte Carlo 

analysis. 

 

• Take a sample from each of the input distributions. 

• Work out the output(s) from the set of inputs. 

• Do this as many times as needed. 

• Turn the set of outputs into a distribution and estimate the properties 

needed, such as mean, variance, percentile, etc. 

 

The strength of Monte Carlo lies within the fact that should one require a more accurate 

answer, the number of samples can be increased (Anjaneyulu, 2009: 12). If the goal is 

to calculate, for instance, the expected value of a total project cost, the mean of the 

values obtained from each simulation can be calculated.  

 

Whiteside (2008: EST.04.1) also comments on the use of Monte Carlo analysis. 

Extrapolations or forecasting beyond or outside the known data realm has challenges, 

unless the data follows a normal trend or pattern (Whiteside, 2008: EST.04.1). It will be 

safe to use a trend line to calculate the next point past the last known data point 
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because it is still close to the known data. However, there is a need to forecast and 

make a reasonable prediction far beyond the last data point in many business 

decisions (Vargas, 2004: CSC.16.1). Predicting a point that is well beyond the last data 

point requires a good extrapolation routine. This numerically-based routine should be 

combined with other parameters to produce a range of probable outcomes that can be 

individually evaluated to assist with the decision-making process (Guggemos & 

Horvath, 2006: 188). 

 

It is a basic tenet of forecasting that forecast data is always wrong because it is not 

“actual” data (Lowe & Skitmore, 2001: 488). A forecast may only be correct if the base 

assumptions continue to exist in the future. However, most people treat a forecast as 

nearly factual without updating the basis. Lowe, Emsley and Harding (2007: 18) point 

out that forecasts generally should guide and educate decision-makers about how the 

market reacts when certain assumptions and data (independent variables) are 

considered. Skitmore and Drew (2003: 38) state that a reliable forecast tool should 

include the following factors: 

 

• Establish forecasting principles. 

• Use of parameters to characterise the historical data. 

• Near-term market conditions. 

• Data-driven methods. 

 

Probability is a way to bracket the volatility of short-term forecasts (seemingly random 

data). Monte Carlo analysis is a specialised probability application that is no more than 

an equation where the variables have been replaced with a random number generator 

(Noor & Tichacek, 2004: RISK.04.2).  Skitmore (1986: 33) and Barraza, Back and Mata 

(2004: 27) state that the downside of Monte Carlo is that is more trusted than historical 

data. This misplaced trust is rooted in the idea that if a person has no historical data, 

then the Monte Carlo forecast can be anything that is believed plausible. It must be 

remembered that a Monte Carlo analysis is nothing more than an approximation. Few 

companies have the data available to support the distributions applied to the 

contingency elements (Whiteside, 2008: EST.04.1). 

 

Hollmann (2007a: RISK.03.6) provides three main reasons why Monte Carlo 

techniques for contingency fund estimation sometimes do not work: 
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• Users are not addressing dependencies between model variables. 

• They are not modelling the relationship risk drivers to cost outcomes. 

• They fail to recognise the differences between systematic and project-specific 

risks. 

 

3.0 INFLATION 

 

3.1 Definition of inflation 

Inflation may have positive and negative effects on an economy (Lundberg, 1977: 23). 

Negative effects of inflation include loss in stability in the real value of money and other 

monetary items over time, uncertainty about future inflation that may discourage 

investment and saving, and high inflation that may lead to shortages of goods if 

consumers begin hoarding out of concern that prices will increase in the future 

(Karpetis, 2008: 208). Positive effects include a mitigation of economic recessions and 

debt relief by reducing the real level of debt (Atkeson & Kehoe, 2007: 65). 

Economists generally agree that high rates of inflation and hyperinflation are caused by 

an excessive growth of the money supply (Faig & Jerez, 2006: 3). Views on which 

factors determine low to moderate rates of inflation are more varied. Low or moderate 

inflation may be attributed to fluctuations in real demand for goods and services, or 

changes in available supplies such as during scarcities, as well as to growth in the 

money supply. However, the consensus view is that a long sustained period of inflation 

is caused by money supply growing faster than the rate of economic growth (Anwer & 

Sampath, 2001: 412). 

 

Today, most mainstream economists favour a low steady rate of inflation (Hansen, 

2007: 5). Low (as opposed to zero or negative) inflation may reduce the severity of 

economic recessions by enabling the labour market to adjust more quickly in a 

downturn, and reduce the risk that a liquidity trap prevents monetary policy from 

stabilising the economy. Phelps (2007: 454) states that the task of keeping the rate of 

inflation low and stable is usually given to monetary authorities. Generally, these 

monetary authorities are the central banks that control the size of the money supply 

through the setting of interest rates, through open market operations, and through the 

setting of banking reserve requirements (Lorenz & Lützkendorf, 2008: 483). 
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Inflation originally referred to the debasement of the currency. According to Hsieh and 

Klenow (2007: 563), when gold was used as currency, gold coins could be collected by 

the government, melted down, mixed with other metals such as silver, copper or lead, 

and reissued at the same nominal value. By diluting the gold with other metals, the 

government could increase the total number of coins issued without also needing to 

increase the amount of gold used to make them. When the cost of each coin is lowered 

in this way, the government profits from an increase in seigniorage. Seigniorage is the 

net revenue derived from the issuing of currency (Hsieh & Klenow, 2007: 563). This 

practice would increase the money supply but at the same time lower the relative value 

of each coin. As the relative value of the coins decrease, consumers would need more 

coins to exchange for the same goods and services. These goods and services would 

experience a price increase as the value of each coin is reduced. 

 

By the nineteenth century, economists categorised three separate factors that cause a 

rise or fall in the price of goods: a change in the “value” or resource costs of the goods, 

a change in the “price of money” which then was usually a fluctuation in metallic 

content in the currency, and currency depreciation resulting from an increased supply 

of currency relative to the quantity of redeemable metal backing the currency (Olivei & 

Tenreyro, 2007: 637). Chen, Imrohoroglu and Imrohoroglu (2006: 1850) indicate similar 

findings. Following the proliferation of private bank note currency printed during the 

American Civil War, the term "inflation" started to appear as a direct reference to the 

currency depreciation that occurred as the quantity of redeemable bank notes 

outstripped the quantity of metal available for their redemption (Weiman & James, 

2007: 276). The term inflation then referred to the devaluation of the currency, and not 

to a rise in the price of goods. 

 

Parkin and Swoboda (1977: 4) believe that the question of what actually causes 

inflation is in all probability an unanswered one. O’Brien (2002: 12) also reports on this 

statement. He says that the reasons for this are firstly that the term inflation is too ill-

defined and secondly, that there are too many links in the probable cause of inflation 

leading to the proposition of “everything depends on everything else”. Frisch (1977: 

109) attempts to describe inflation as follows: 

 

“…inflation is a monetary phenomenon for the explanation of which 

the quality of money is fundamental.” 
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Eder (1979: 7) quotes the words of William Cobbett, who wrote in his book The Curse 

of Paper Money (1833); “Of all the instruments of mischief that the Devil ever invented, 

nothing was ever equal to the paper money”. Eder (1979: 8) refers to “money illusion”. 

He states that when it comes to inflation, there seems to be an illusion that prices are 

going up, but in reality it is the value of money that decreases (Davis & Figgins, 2009: 

196). Eder makes the following strong statement: 

 

“The problem is not one of rising prices, but the debasement of the 

currency.” 

 

Eder (1979: 8) makes mention of the changing of the price of gold by Franklin 

Roosevelt from $20.67 an ounce to $35 an ounce. This changed the intrinsic value of 

the dollar from 1/20 of an ounce to 1/35 of an ounce. Presidents Nixon, Ford and 

Carter followed suit. This forced the dollar’s value down, and thus it could buy less. 

 

Lodewijks (2002: 122) refers to Professor Irving Fisher of Yale, whom many consider 

to be the greatest American economist who ever lived, who wrote a book under the 

title The Money Illusion. In it, Fisher described his 1922 visit to Germany at a time 

when the German mark had dropped to 1/50 of its former value. No one he met 

seemed to be conscious of the fact that the value of the mark had been dropping at a 

vertiginous rate. Everyone spoke of the unconscionable rise in prices (Karanasos & 

Schurer, 2008: 266). 

 

It was easy enough for foreigners to see that the mark was being depreciated, but to 

the Germans a mark was a mark. Businessmen figured their costs in marks and sold 

their goods at what they thought was a profit (Arize, Malindretos & Nam, 2005: 462). 

They failed to realise that the marks they got for their goods were only one fiftieth of 

the marks that they had paid for it. It was not until the mark began to drop to one 

millionth and finally to a trillionth part of its former value that they began to realise that 

a mark in itself was no longer a mark (Rusek, 2008: 192). 

 

Frankel and Burdzy (2005: 1) state that recessions and expansions often occur without 

any large precipitating shocks. An explanation for this is that with externalities, there 

can be multiple equilibria, so the path followed by the economy can depend on agent’s 

expectations. These expectations can shift unexpectedly when payoff-irrelevant 

variables are observed, causing a recession or expansion. Baliamoune-Lutz (2008: 
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424) mentions specific cases in North Africa of how expectations can shift, and the 

effects thereof. 

 

When dealing with inflation it is important to note that the increase in prices does not 

necessarily constitute inflation. Eder (1979: 10) puts it as follows: “No one is 

concerned with the facts that some 600 years ago one could buy a cow for a shilling, 

or that two loaves of bread could be had for a farthing.”  He stresses that the costs of 

commodities should rise rapidly to be classified as inflation. To Eder inflation can be 

described as follows: 

 

“Inflation, then may be defined as an increase in the general price level 

for goods and services occurring over a relatively brief period of time.” 

 

In every country where inflation has become deep rooted, businessmen have 

complained of a shortage of working capital and investment capital (Lomax, 2005: 

252). They have failed to realise that the profits they show on their books are not truly 

profits and that when they have paid out dividends from these pseudo-profits, they 

have been eating into their capital – all because of the debasement of the currency. 

For the individual, inflation robs him of all incentive to save and to provide for the future 

(Karpetis, 2008: 206). Yet thrift is the basis of investment and investment is the 

foundation of economic growth and prosperity (Clemens, 2008: 181; Anwer & 

Sampath, 2001: 413). 

 

Eder (1979: 38) states that there is no connection between employment and inflation, 

but there is a distinct connection between government deficit spending and a rise in 

prices. The more the government spent, to the extent that the extra spending came 

from government borrowing and was not taken from the citizens through taxation, the 

greater the money supply and hence the demand for goods, and the higher the prices 

would rise – demand-pull inflation (Lomax, 2005: 253). Fearon (2009: 122) supports 

this statement. 

 

Six centuries ago, William of Ockham (1285 – 1349) laid down as a rule of logical 

reasoning the “law of parsimony,” the principle that no more causes or forces should 

be assumed than are necessary to account for the facts (pluralites non est ponenda 

sine necessitate) – complexity must not be assumed without necessity. If there are 

several possible explanations of any fact or phenomenon, the simplest and most 

obvious explanation is most likely to be the valid one. 
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Facts show that, except in times of war or war’s aftermath, there is no correlation 

between a rising price level and low unemployment (Eder, 1979: 39). From the 

beginning of recorded history, war has always brought scarcities, high prices and high 

employment – a correlation that is obvious, simple, logical and “parsimonious” (Ye, 

Zyren, Blumberg & Shore,  2009: 38). 

 

3.2 Kinds of inflation 

 

Eder (1979: 11) describes two kinds of inflation: wage-push or cost-push inflation and 

demand-pull inflation. With cost-push inflation, wages and other costs go up faster 

than the increase in labour productivity (Gupta, 2007: 337). Cost-push inflation is 

nearly always gradual and never reach the extremes that demand-pull inflation 

sometimes attains. 

 

Demand-pull inflation is generally described as too many dollars chasing too few 

goods. In other words, there is too much money to spend and very little increase in the 

quantity of goods or services. In part, demand-pull inflation stems from wage increases 

(Gransberg & Diekmann, 2004: RISK.08.1). Wage earners have more money to spend 

and they spend it. This causes a spiral and in the economy any spiral (up or down) is 

vicious. Bojanic (2008: 501) and Jones (2001: 2) state that the general effect of wage 

increases on demand-pull inflation is seldom serious. It can almost always be rectified 

by an increase in production on farms, mines and factories. It is when demand-pull 

inflation is the result of government spending and deficit budgets financed with 

printing-press money that it can come with such extreme rapidity that it totally disrupts 

a nation’s economy (Faig & Jerez, 2006: 4). 

 

3.3 Historical methods used to fight inflation 

Jacques Rueff (1963) was a French economist and adviser to the French government. 

He was considered to be an influential French conservative and free market thinker. He 

made the following statement regarding West Germany’s post-war economic recovery: 

“The suddenness of Germany’s recovery was even more striking than 

its scope. It was not spread out over months or even weeks, but it had a 

specific date… the day the currency reform went into effect. Only those 

who were on the spot can bear witness to the literally instantaneous 
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effect it had upon the reappearance of merchandise and customers in 

the stores.” 

 

This instantaneous end to inflation and the beginning of economic recovery in West 

Germany, pointed out by France’s leading economist of the time, has been true in 

every country that has dared to face squarely the problem of uncontrolled inflation 

(Jones, 2001: 2). A gradual approach, the slow tapering off of inflationary pressures, 

has never worked, and indeed has only tended to make matters worse.  

 

Eder (1979: 72-73) refers to people like Hjalmar Horace Greeley Schacht in Germany 

after World War I and Ludwig Erhard under the inspiration of his mentor, Dr. Wilhelm 

Röpke, after World War II, in describing how inflation was conquered almost overnight. 

Insights from the accomplishments of other people like Charles de Gaulle with the 

assistance of his economic adviser, Jacques Rueff; and those of Finance Minister 

Hayato Ikeda in Japan; of Gesualdo A. Costanzo, the United States Treasury adviser 

in Greece (1947); and of Princeton Professor Edwin Walter Kemmerer in eleven 

countries of the world, directed future dealings with inflation. 

 

Following World War II, Dr. Ludwig Erhard was prohibited from altering the price 

controls imposed by the occupation economists. During a meeting with General Lucius 

Clay, head of the American mission, Erhard suggested the complete abolishment of all 

price controls in West Germany. This would have meant that prices would sky-rocket, 

but was nevertheless accepted. 

 

The result was that Germany, on a free market basis and with a balanced budget, 

achieved one of the most remarkable eras of economic recovery that the world has 

ever seen, and as the late Dr. Rueff pointed out, the recovery was practically 

instantaneous. Economists of Keynesian beliefs argue that economic stabilisation only 

occurred because of the fact that excess money was withdrawn but the retirement of 

paper money, in Germany as elsewhere, was merely the final step in the stabilisation 

process (Villar, 2003: 2; Johnson & Cate, 2006: 115; Kates, 2002: 464). 

 

The government exchanged one new Deutschmark for 100 old Reichsmarks and 

retired the old bank notes completely from circulation, precisely as Schacht had done a 

generation earlier when he exchanged one new Rentenmark for one trillion old marks. 

This was merely a matter of convenience, because adding machines and pocketbooks 
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were not big enough to accommodate the hundreds or thousands or trillions of old 

money. It had nothing to do with the process of stabilisation. 

 

To prove that the buying up of paper money is not the cure for inflation, one should 

look at the findings of American economists who have analysed the German miracle. 

This quote by Dr. Röpke is so pertinent to inflation today that it is worthy of inclusion 

here: 

  

“… the German accomplishment was nonetheless – in economic 

terms – no miracle at all, if the essence of the reform of 1948 is clearly 

understood. The real miracle lay in the fact that, in this particular 

country and in a world still under spell of inflationism and collectivism, 

it proved possible politically and socially to return to the economic 

reason of the market economy and to monetary discipline…”. 

 

Nelson (2005: 1) refers to the Great Inflation of the Seventies in the United States of 

America. He mentions the overestimation of the degree of productive potential in the 

economy. Monetary policy did not intentionally target either high inflation or a positive 

output gap, but nevertheless pursued what ex post appears to be an excessively 

expansionary policy, because policymakers were too optimistic about the economy’s 

supply side. 

 

Gibbons (2009: 3) and Zaborowski (2009: 42) refer to the current poor worldwide 

economic situation and why economic change is necessary. Stiglitz (2009: 281) makes 

the following statement regarding the current poor state of the American economy: 

 

“These are exciting times: the worst economic crisis since the Great 

Depression, the first global recession in the new era of globalization, and 

a new president committed to restructuring national priorities, reforming 

our education, health, and energy sectors, eliminating some long standing 

distortions arising from corporate welfare, and restructuring our tax code.” 

 

Boero, Smith and Wallis (2008: 1108) comment on the influences of such factors as 

mentioned by Stiglitz on inflation. Chow and Shen (2006: 131) comment on the 

influence of education on the economy of China. 
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3.4 Reasons for inflation 

 

Jackson (2008: INT.S01.1) stresses that in recent years “drastic” price changes for 

certain commodities, such as steel and cement, have upset not only financial markets, 

but integrated economic entities along the value chain as well. China’s appetite for 

resources to feed its rapidly expanding and transitioning economy is probably the most 

dominant factor in observed commodity price hikes of late. 

 

Razzak and Timmins (2008: 74) state that the ratio rise in wage inequality (between 

skilled and unskilled labour) can be explained by the supply and demand for skills. The 

shortage of skills is driving up labour prices and the gap between skilled and unskilled 

wages has increased by 25% from 1979 to 1995. 

 

In 1801 Thomas Jefferson wrote the following: 

 

“What is necessary to make us happy and prosperous people? A wise 

and frugal government, which shall restrain men from injuring one 

another, which shall leave them otherwise free to regulate their own 

pursuits of industry and improvement, and shall not take from the 

mouth of labour the bread it has earned.” 

 

Eder (1979: 169) found Jefferson’s advice to be true in the sense that in modern times, 

government deficit spending and printing-press money outweigh all other factors 

combined in contributing to inflation. Gil-Alana (2009: 144-145) also refers to the 

effects of government funding on the economy. Eder mentions some contributors to 

inflation. They are: 

 

Waste – Waste is the besetting sin of the modern way of life. New car 

models every year, new fashion on a frequent basis, full garbage 

pails at home, expensive throwaway wrappings, boxes, bottles, 

cans, etc. All these add to the cost of living (Yahya & Boussabaine, 

2006: 6; De Silva & Vithana, 2008: 190). 

Protective tariffs – Protective tariffs, like customs duties, are so high to bar many 

potential imports and thus produce no revenue. These tariffs, for 

example, make it possible for manufacturers to maintain high prices 

on goods produced in a certain country (Coenen, Orphanides & 

Wieland, 2004: 1). 
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Monopolies – Politicians and economists like to blame the iniquity of big business 

– the monopolies and oligopolies – for higher prices. In actual fact, 

collusive price rising is a rare exception (Kraay & Ventura, 2002: 1). 

Violations are widely publicised and denounced. As an example, 

one can look at General Motors, Ford and Chrysler – the typical 

examples of oligopoly. These companies will keep their prices as 

close as possible to their estimated costs. The industry is highly 

competitive and knows that a 10% price increase means an 

approximate 10% decrease in sales, hence lower profits (Chung, 

2007: 65). 

The cost of dying – Improved medicine and medical practices prolonged human life. 

This means that there are more elderly people today than some 

years ago (Kopczuk & Slemrod, 2005: 5). These people do not 

contribute to the economy and are in actual fact putting additional 

strain on the economy (Robson & Kaplan, 2007: 492). 

Restrictions on production – Union regulations restricting the number of bricks a 

bricklayer can lay in one day or limitations on agriculture production 

placed on farmers by the government and paying them for not 

producing will increase prices (Donoghue & Wright, 2002: 219;  

Ruffo & Hague, 2007: 1586; Sommers, 2008: 353). 

Unnecessary labour – Labour union requirements and government requirements 

cause millions of man hours to be wasted annually due to 

unnecessary administration and bureaucratic governance (Hanna & 

Gunduz, 2004: 728). These man hours are being drained from the 

capital market that could otherwise be channeled into new 

productive capacity with corresponding benefits in the form of higher 

employment, lower prices and increased economic activity (Tsai & 

Tsay, 2008: 130). 

High wages –  High wages do not mean high prices as long as labour works as 

hard and as well as it can and so long as wage increases do not 

outstrip the innovation, invention, good management and capital 

investment that add to labour’s productivity (Horman & Thomas, 

2005: 836). To a large extent, wage increases have been the 

consequence and not the cause of modern inflation. 

High profits – High profits do not have a serious effect on inflation. Eder (1979: 

172) mentions the example of the major oil companies in the 70s. 

Companies like Exxon, Mobil, Gulf and Texaco would have lain off 
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at least 630 000 employees if they did not make the 1½ cents per 

gallon of fuel sold as net profit. During the same time, Americans 

had to pay at least 14 cents per gallon of fuel in federal, state and 

local taxes (Varila & Sievanen, 2005: EST.19.1). Profits are 

essential as a stimulus to investment in new and more modern 

plants and hence a major factor in keeping down the cost of living 

(Grubb, 2007: 281). 

Minimum wages – Union and government action to fix minimum wages makes for 

higher prices and unemployment which in turns mean higher taxes 

to care for the unemployed (Galloway & Jozefowicz, 2008: 292). 

Corruption –  One empirical fact about corruption readily suggests itself – that it is 

inversely related to a nation’s per capita income and inflation 

(Osborne, 2006: 289). 

 

3.5 Effects of inflation 

An increase in the general level of prices implies a decrease in the purchasing power of 

the currency (Cohen & Einav, 2007: 747). That is, when the general level of prices 

rises, each monetary unit buys fewer goods and services. The effect of inflation is not 

distributed evenly, and as a consequence there are hidden costs to some and benefits 

to others from this decrease in purchasing power (Whalen, Gopal & Abraham, 2004: 

774). For example, inflation lenders or depositors who are paid a fixed rate of interest 

on loans or deposits will lose purchasing power from their interest earnings, while their 

borrowers benefit (Zhang, 2005: 333). Individuals or institutions with cash assets will 

experience a decline in the purchasing power of their holdings. Increases in payments 

to workers and pensioners often lag behind inflation, especially for those with fixed 

payments (Fehr & Goette, 2007: 299).  

Fisher (2002: 215) points out that increases in the price level (inflation) erodes the real 

value of money (the functional currency) and other items with an underlying monetary 

nature, that are priced in terms of money (e.g. loans, bonds, fixed pension payments). 

However, inflation has no effect on the real value of non-monetary items, items without 

a fixed price in terms of money (e.g. goods and commodities, like cars, gold, real 

estate). 
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3.5.1 Negative effect of inflation 

Kydland (2006: 1373) points out that high or unpredictable inflation rates are regarded 

as harmful to an overall economy. They add inefficiencies in the market, and make it 

difficult for companies to budget or plan long-term. Inflation can act as a drag on 

productivity as companies are forced to shift resources away from products and 

services in order to focus on profit and losses from currency inflation (Squires, Reid & 

Jeon, 2008: 83). Uncertainty about the future purchasing power of money discourages 

investment and saving. Inflation can impose hidden tax increases as inflated earnings 

push taxpayers into higher income tax rates (Gravelle & Smetters, 2006: 2). 

With high inflation, purchasing power is redistributed from those on fixed incomes such 

as pensioners towards those with variable incomes whose earnings may better keep 

pace with the inflation (Davig & Leeper, 2007: 610). This redistribution of purchasing 

power will also occur between international trading partners. Where fixed exchange 

rates are imposed, rising inflation in one economy will cause its exports to become 

more expensive and affect the balance of trade. There can also be negative impacts to 

trade from an increased instability in currency exchange prices caused by 

unpredictable inflation (Galf & Monacelli, 2008: 120). These are: 

Cost-push inflation – Rising inflation can prompt employees to demand higher wages to 

keep up with consumer prices. Rising wages in turn can help fuel inflation 

(Johnson & Cate, 2006: 117). In the case of collective bargaining, wages will 

be set as a factor of price expectations, which will be higher when inflation 

has an upward trend. This can cause a wage spiral. In a sense, inflation 

begets further inflationary expectations (Akerlof, 2007: 7).  

Hoarding – People buy consumer durables as stores of wealth in the absence of viable 

alternatives as a means of getting rid of excess cash before it is devalued, 

creating shortages of the hoarded objects.  

Hyperinflation – Arize, Malindretos and Nam (2005: 462) refer to the case of Germany 

in the post-war era. If inflation gets totally out of control (in the upward 

direction), it can grossly interfere with the normal workings of the economy, 

hurting its ability to supply.  

Allocative efficiency – A change in the supply or demand for a good will normally cause 

its price to change, signalling to buyers and sellers that they should re-

allocate resources in response to the new market conditions (Meyerhoefer & 

Zuvekas, 2008: 23). But when prices are constantly changing due to inflation, 
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genuine price signals get lost in the noise, so agents are slow to respond to 

them. The result is a loss of allocative efficiency.  

Shoe leather cost – High inflation increases the opportunity cost of holding cash 

balances and can induce people to hold a greater portion of their assets in 

interest paying accounts. However, since cash is still needed in order to carry 

out transactions, this means that more "trips to the bank" are necessary in 

order to make withdrawals, proverbially wearing out the "shoe leather" with 

each trip.  

Menu costs – With high inflation, firms must change their prices often in order to keep 

up with economy-wide changes. But often changing prices is itself a costly 

activity whether explicitly, as with the need to print new menus, or implicitly.  

Business cycles – Krebs (2007: 665) shows that, according to the Austrian Business 

Cycle Theory, inflation sets off the business cycle. Austrian economists hold 

this to be the most damaging effect of inflation. According to the Austrian 

theory, artificially low interest rates and the associated increase in the money 

supply lead to reckless, speculative borrowing, resulting in clusters of mal-

investments which eventually have to be liquidated as they become 

unsustainable (Smets & Wouters, 2007: 587). 

3.5.2 Positive effect of inflation 

The following can be considered positive effects of inflation: 

Labour market adjustments – Keynesians believe that nominal wages are slow to 

adjust downwards. This can lead to prolonged disequilibrium and high 

unemployment in the labour market. Since inflation would lower the real wage 

if nominal wages are kept constant, Keynesians argue that some inflation is 

good for the economy, as it would allow labour markets to reach equilibrium 

faster (Johnson & Cate, 2006: 117).  

Debt relief – Debtors who have debts with a fixed nominal rate of interest will see a 

reduction in the "real" interest rate as the inflation rate rises. The “real” 

interest on a loan is approximately the nominal rate minus the inflation rate 

(Geweke, 2007: 61). Banks and other lenders adjust for this inflation risk 

either by including an inflation premium in the costs of lending the money by 

creating a higher initial stated interest rate or by setting the interest at a 

variable rate.  
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Room to maneuver – The primary tools for controlling the money supply are the ability 

to set the prime rate, the rate at which banks can borrow from the central 

bank, and open market operations which are the central bank's interventions 

into the bonds market with the aim of affecting the nominal interest rate 

(Eschenbach & Cohen, 2006: 13). If an economy finds itself in a recession 

with already low or even zero nominal interest rates, then the bank cannot cut 

these rates further (since negative nominal interest rates are impossible) in 

order to stimulate the economy – this situation is known as a liquidity trap 

(Kojima, 2007: 1028). A moderate level of inflation tends to ensure that 

nominal interest rates stay sufficiently above zero so that if the need arises 

the bank can cut the nominal interest rate.  

Tobin effect – The Nobel Prize economist, James Tobin, at one point argued that a 

moderate level of inflation can increase investment in an economy, leading to 

faster growth or at least higher steady state level of income. This is due to the 

fact that inflation lowers the return on monetary assets relative to real assets, 

such as physical capital (Kraus, 2007b: 3). To avoid inflation, investors would 

switch from holding their assets as money (or a similar, susceptible to 

inflation, form) to investing in real capital projects (Anwer & Sampath, 2001: 

414). 

 

Gerald E. Ford, Jr. (1974) made the following statement regarding inflation at the time 

(Eder, 1979: 259): 

 

“Inflation is our domestic Public Enemy Number One. A Government big 

enough to give you everything you want is a Government big enough to 

take from you everything you have.” 

  

Eder (1979: 259 – 260) stresses the effect of overspending, over taxation and 

government borrowing. He states that any government engaging in these activities will 

follow in the footsteps of England, which since the inception of the dole and the 

national health insurance and other welfare schemes, has deteriorated into a fifth-rate 

power economically, after Russia, Germany, Japan and the United States, with the 

Arab states and China looming on the horizon. Eder goes on to say that should 

countries not learn from Germany, Japan, France and Switzerland, and realise the folly 

of expecting the government to provide everything (Meza & Quintin, 2007: 1), they will 

have to face the consequences. 
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Bruno, Di Tella, Dornbusch and Fisher (1988: 401) comment on two basic 

fundamentals in restoring a sound growth rate in the economy: the amount of 

resources available and the efficiency of their use. 

 

In general, inflation causes a decrease in the purchasing power of the currency. The 

effects of inflation are, however, not distributed evenly and as a consequence there are 

hidden costs to some and benefits to others. The effects of inflation can have serious 

consequences for the profitability of a project, should it be misjudged. 

 

4.0 CONSTRUCTION COST ESCALATION 

 

In order to measure or manage escalation on construction projects, it is firstly 

important to understand the driving forces behind it (Morris & Wilson, 2006: CSC.06.1). 

The most important factor is that construction must be viewed as a commodity in itself, 

not a collection of commodities. Butts (2007a: EST.08.1) states that the selling price of 

a project is not the result of the sum of its inputs plus a profit, except in the very rare 

cases where all work, including sub-contracts, is procured through a cost-plus contract 

(Rossetti & McKeeman, 2008: 6). In all other cases, the selling price of a contract is 

determined by the bidders based on their opinion of the competition. At a very basic 

level, it simply needs to be $1 less than the next bidder. The sum of the input cost will 

provide a floor below which the bidder is normally unwilling to go, and so changes in 

input costs will influence bids to some degree. The ceiling is, however, set by the 

bidder’s opinion of the competition (Smith, 2008: 08 February). 

 

During the course of the estimate certain questions will be asked. Will materials be 

available during time of construction and at the price allowed for in the estimate? Will 

labour productivity match that of the estimate? Will sufficient labour be available? Ibbs 

(2005: 1219) comments on labour productivity and Fleishman (2004a: 19) on labour 

availability. As risk increases so too does the floor below which bidders are unwilling to 

go. Risk is difficult to estimate and few bidders do it systematically. Risk assessments 

are usually influenced by short term perceptions based on the latest news (Gransberg 

& Carlisle, 2008: EST.09.1). 

 

Morris and Wilson (2006: CSC.06.1) suggest that escalation comes from the interplay 

of changes, real or anticipated, in input costs, perceptions of risk, and perceptions of 

the competition. In some cases it comes from real information, such as actual changes 

in the cost of critical materials like steel and copper. More often than not, it comes from 
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the formation of market opinions, which may or may not have a basis of fact. Olhager 

and Selldin (2007: 1470) indicate that, ultimately, the ability for contractors to raise 

prices depends entirely on the market conditions and the expectation that all bidders 

are increasing their prices. Increased input pricing and increased risk can influence 

that expectation and ultimately increase the prices. Van der Merwe (2008) comments 

on the escalation in price of the construction work at the O.R. Tambo Airport in South 

Africa and how the aforementioned escalation causes also plagued this project. 

 

Hollman and Dysert (2007: EST.01.1) define escalation as changes in price levels 

driven by underlying economic conditions. According to Jackson (2008: INT.S01.1), 

escalation is a pronounced and continued increase in the cost basis of certain, specific 

economic production factors over time. Escalation reflects changes in price-drivers 

such as productivity and technology, as well as changes in market conditions such as 

high demand, labour shortages and profit margins (Graves & Sexton, 2006: 362). 

Escalation also includes the effects of inflation, but differs from inflation which is a 

general change in prices caused by the debasement of the value of the currency 

(Adams, 2004: PM.08.2). From an estimator’s perspective, escalation is a unique “risk” 

cost that must be estimated. To further complicate the issue, price escalation varies for 

different capital components such as office and field labour, bulk materials and 

equipment. It also varies by region and procurement strategy. Labuske and Streb 

(2008: 66) researched the effect of technology on the competitiveness of German 

mechanical engineers in the pre-World War I theatre and how improved technology put 

the Germans in a better position than the engineers of the Allied Forces. 

 

Touran and Lopez (2006: 853) suggest that the more realistic way to estimate 

escalation is to consider the uncertainty in the value of escalation factors. This 

uncertainty is a major contributor to the overall cost uncertainty and can be modelled 

using appropriate probabilistic models. This becomes even more apparent when 

modelling the escalation uncertainty in large multi-year construction projects (Marsh, 

2007: 778). 

 

Probabilistic approaches are the best for estimating escalation. Construction 

professionals are generally poorly equipped to estimate escalation (Scott & Harris, 

2004: 730). This is probably because escalation is driven by macro-economic 

conditions, the study of which is a core skill of economists (Welfe, 2008: 169). 

Butts (2007a: EST.08.1) comments that accurately forecasting escalation rates can 

play an important role in project profitability or viability, especially for large multi-year 
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construction and development projects. The estimator must predict the cost of goods 

or services that must be purchased in the future, perhaps many years from now 

(Wong, Cheung & Hardcastle, 2007: 477). If the prediction is wrong, it will lead to 

equitable adjustments due to contractor cost increases which will cause profitability to 

suffer. 

 

The most difficult part of any cost estimation process is to determine how much 

escalation to apply to the estimate. The South African construction industry recently 

has seen a rapid escalation in prices, leaving estimators wondering whether this is a 

trend that will continue or merely a temporary aberration (Jordaan, 2004: 2). 

 

Hollman and Dysert (2007: EST.01.1) discuss the recent changes in escalation rates 

and indicate in Table 6.2 how commodity prices in America have increased since 

2003.  

 

Commodity items Price increase (06/03) 

to (06/06) 

Diesel fuel 121% 

Iron and steel 60% 

Iron ore 41% 

Non-ferrous metals 85% 

Industrial chemicals 55% 

Cement 32% 

Metal tanks 29% 

Heat exchangers 40% 

Pumps and compressors 15% 

Wire and cable 81% 

Motors and generators 15% 

Process control instruments 7% 

 

Table 6.2: Price increases for selected commodities in the United States 

from 2003 - 2006 

Source: Hollman and Dysert, 2007: EST.01.1 

 

The increase in commodity prices made the owners react by immediately pulling every 

mining metallurgy and oil and gas project proposal off their shelves. Despite the 
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memories of the 1986 oil industry capital spending collapse, engineering of these 

projects added to the backlogs of the engineering and procurement contractors. 

 

During 2004 and 2005, many estimators were at a loss as to how to price project cost 

items. Bid prices from fabricators, suppliers and contractors varied widely but were 

almost always higher than expected (Kashiwagi & Savicky, 2003: 290). Suppliers 

quickly became unwilling to provide fixed price quotations, and those who did, included 

high risk premiums in their prices. Escalation clauses became more standard in 

contracts. Adding to the problem, owners and procurement and contracting 

departments regularly changed their minds about strategies for dealing with the 

situation. Hollmann and Dysert (2008: EST.08.1) point out that in late 2003 and 

throughout 2004, process industry CAPEX investment and prices increased 

dramatically. Increases in Asian demand and limited global supply after years of 

under-investment were the primary causes. 

 

Given the volatility and uncertainty, many estimators threw up their hands and  

prepared their estimates using 2003 prices and put all “price risk” costs in an 

escalation account, and few managers could agree with the appropriateness. Other 

estimators included pricing risk in the contingency account which further muddied this 

already contentious cost account (Kohl & Wulke, 2004: IT.03.1). Aggravating the 

confusion, the costs of many projects-in-progress started to rise and in 2006 news 

reached the press that increases of 50% could be expected (Butts, 2007a: EST.08.1). 

During this time business managers did not know what to believe anymore and fearful 

of escalation increases, they began to lean toward excessive escalation funding 

knowing that project returns (such as the Internal Rate of Return) would still look 

reasonable if they could bring the capacity on-line while sales prices were near their 

peak (Cesarone, 2007: 40). 

 

4.1 The problem in using cost indices 

 

Cost indices are frequently used in predicting escalation. The cost index devised by G. 

R. Carli in the 18th century in Italy compares the cost between periods for a fixed 

quantity of goods or services (Butts, 2007a: EST.08.1). The concept of the index may 

be useful in some industries, but of the many cost indices in use today, no single index 

completely represents the construction industry. These indices have the same problem 

– they are lagging indicators since they measure cost changes that have already 

occurred (Evensmo & Karlsen, 2004: CSC.14.4).  
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In addition, these indices cannot account for the substitution of one product with 

another. For example, contractors may buy aluminum wire when the price of copper 

wire rises dramatically, or when regional shortages cause soaring prices (Rad & Levin, 

2004: PM.07.2). Since cost indices track specific goods or services, if others are 

substituted, the rate of escalation measured by the index will be incorrect. 

 

Hollmann and Dysert ( 2008: EST.08.2) state that periodically in 2005 through 2006 

economists and the press reported that general pricing levels were about to level off or 

decline based on the assumption that asymptotic trends cannot be sustained for long 

(i.e. markets will correct over time). Hollmann and Dysert ( 2008: EST.08.2) point out 

the “short sightedness” of many in the construction industry during the time was 

evident in reports such as “…construction’s inflationary cycle turned the corner during 

2006 and will continue heading downhill through 2007 and 2008”. 

 

Mandel (2007: 23 April) was one of the economists who suggested that escalation will 

occur. In his article, Mandel suggests that the “…antiquated government statistics…” 

be overlooked and that the American economy should revert to consulting capital 

spending overseas. 

 

4.2 Putting CAPEX indices to work 

 

Process plant CAPEX (capital expenditure) is a micro-economy in which many prices 

are disconnected from what the government agencies and economists track (Hollmann 

& Dysert, 2008: EST.08.3). The prices that have become disconnected are for items 

and services whose prices are usually based on competitive bidding (usually with very 

few bidders in a tight market). Economists in general have trouble surveying bid 

pricing, especially where the product is not a constant (Roncaglia & Goodacre, 2008: 

107). These bids include risk premiums, allowance for productivity changes, and other 

markups that are difficult to reliably measure or survey but can be reasonably 

predicted (Hollmann & Dysert, 2008: EST.08.3). 

 

Hollmann and Dysert (2008: EST.08.3) suggest that the approach to the market 

challenge should be to adjust available wage and commodity pricing indices with a 

CAPEX market adjustment factor. For example, if CAPEX increases in a region by a 

drastic percentage in a year, then fabricators and contractors in the region will be able 

to increase their bid prices by a factor that is greater than the percentage increase in 

their underlying wages and commodities. Just how much they can raise their prices 
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depends on their market power. Hollmann and Dysert (2008: EST.08.3) use a simple 

exponent applied to the CAPEX increase. For example, if the underlying wages and 

other costs to a contractor increase by 8% (1,08), the market CAPEX increases by 

25% (1,25), and the CAPEX exponent (or market power) factor is 0,5, then the typical 

price increase in the contractor’s bid is calculated as follows: 

 

Bid price increase = 1,08 x 1,2505 = 1.08 x 1.12 = 1.21 or 21% increase. 

 

The CAPEX exponent or factor may vary from zero (many suppliers just pass through 

costs) to 0,5 or 0,6 (few bidders). Each fabrication, contract, or other type of cost will 

have its own CAPEX factor that must be determined empirically or estimated based on 

experience.  

 

The selection of indices will vary depending on the circumstances. First, the regional 

coverage of the selected CAPEX index must be applicable to the regional nature of the 

cost. Engineering and major equipment items are typically sourced overseas and are 

therefore driven by global CAPEX. Additionally, the CAPEX factor will vary by project 

size. For example, small projects will likely draw more competitive bids than mega-

projects and therefore the CAPEX market factor will be lower for the small projects 

(Huot, 2008: OWN.04.2). 

 

Figure 6.4 illustrates a comparison between how a traditional government based index 

such as the American Chemical Engineering Plant Costs Index - CHEPCI, with and 

without CAPEX adjustment, compares to the IHS CERA index (indicated here in 

annual cost factor format). The method described above requires the input of 

economists to provide base forecasts of traditional indices. 

 

4.3 Construction escalation factors 

 

Escalation or inflation is broadly defined as the change in the cost of a good or service 

over time (Gransberg & Diekmann, 2004: RISK.08.1). From an owner’s perspective 

there is a problem with this definition, since it does not specify whose cost – the 

owner’s or the contractor’s? Most cost indices measure the cost to the contractor over 

a large geographical area and also fail to account for the difference in costing and 

pricing. Pricing is broadly defined as the cost the contractor bids for the project 

(Mochtar & Arditi, 2001: 405). 
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This is why escalation should not be confused with local market conditions or demand 

surge as the insurance industry classifies it (Erasmus, 2004), although they both affect 

cost. Market conditions are generally additives to escalation. Categorised by specific 

local cost drivers like fear factors or opportunity cost increases, market conditions are 

usually limited to a local area or region. For example, market conditions may 

substantially increase local costs after a natural disaster; or during regional booms 

when contractors have more work than they need (Oo, Drew & Lo, 2007: 452;  

Schelling, 2006: 923). 

 

An index is usually expressed as a percent change in price over a given time period, or 

as a representative of the price level at a given time (Hassanein & Khalil, 2006: 18). 

The primary source of historical price indices is government agencies. Economists 

study these historical trends and build econometric models that forecast future price 

index values, generally at a disaggregate level (Skitmore, 1991: 32). The models of 

price change for specific commodities are usually tied to macro-economic models that 

define the underlying economic conditions that drive all prices to some extent (Garratt, 

Koop & Vahey, 2008: 1129).  
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Morris and Wilson (2006: CSC.06.1) discuss a number of factors influencing 

construction cost escalation. They point out that the major drives behind current 

escalation surges are major natural disasters, increase in material cost, bid market 

disruptions, high volume of construction work, and the regulatory climate. Upcoming 

issues which will increase the pressure on cost even further include coherence in the 

global economy, a growing demand for construction work, and a shortage of labour as 

more and more skilled workers retire without new workers replacing them (Buettner & 

Rincke,  2007: 537). 

 

The hurricanes in America in 2005 damaged or destroyed roughly three times as much 

property as during a typical year (Morris & Wilson, 2006: CSC.06.2). This created a 

high demand for construction materials and labour. The total cost of reconstruction is 

in the range of 10 to 15% of the annual construction market in the United States. 

Recognising that reconstruction will take several years, the anticipated annual impact 

on construction activity due to reconstruction work is likely to be in the range of 2 to 

3% per annum. Given that much of the work may not show up as an increase in 

construction volume, but as a displacement of other planned work, the overall impact 

of the hurricanes on construction cost is expected to be relatively small (Swanson, 

2005: 64). 

 

The effect is likely to vary by region within a country. In the gulf region of the United 

States of America, there is a high demand for construction services, leading to market 

increases in the cost of labour and materials and competition between contractors 

(Tirasirichai & Enke, 2007: 368). The effect has been less in other parts of the United 

States, however, most parts of that country can expect to experience shortages of 

labour and material as the reconstruction process ramps up. Touran and Lopez (2006: 

853) proved this statement. 

 

While it is expected that such disruptions are likely to be transient, the uncertainty over 

price and availability as well as the actual delays or difficulty in obtaining necessary 

materials can have a marked effect on schedule and productivity for projects, and thus 

lead to increases in overall project costs (Ciccarelli & Murch, 2008: CDR.04.2; Al-

Gahtani, 2007: RISK.10.1). 

Morris and Wilson (2006: CSC.06.2) point out that in the past few years a number of 

strategic materials like steel, wood, cement, copper, PVC pipe and oil have seen 

significant increases in cost, sometimes more than doubling in less than a year. 

Norrbin, Pipatchaipoom and Bors (2008: 188) also make mention of the cost of natural 
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resources and how this can influence prices. While much of the escalation leading up 

to 2006 had been blamed on these material cost spikes, it is worth noting that even a 

dramatic increase such as the steel price increase in 2004 had a relatively small 

impact in aggregate (Adilov & Smavati, 2009: 51). 

 

The world price for raw steel more than doubled in price in less than a year in 2004, 

rising from around $300/TN to around $600/TN (Mayo & Nuryeva, 2006: EST.06.1). 

Even with the doubling in price, the overall direct impact on total building construction 

cost was actually small (Hagmann, Stoy & Terashima, 2008: INT.07.1). Taking into 

account all the steel in a building (typical American construction of high rise buildings 

include structural steel frames) - the structure, studs, doors, frames, ductwork, pipe 

work, etc. - buildings usually only use about 20 to 30 pounds of steel per gross square 

foot (GSF). For an increase of $300/TN, this translates into an increase of only about 

six dollars per square foot, or roughly 2 to 4% of a typical building. This alone cannot 

be enough to account for the dramatic rise in construction project bids seen during this 

time (Lomax, 2005: 252). 

 

A frequently overlooked escalation factor is changes to code and practice in design 

and construction. Pulaski, Horman and Riley (2006: 84) discuss the correlation 

between design and construction. This includes changes in plant codes, changes in 

regulations, and controlling activities within plants. An example would be the changing 

requirements for bio-safety performance in research facilities and changes in the way 

buildings are used. While these changes can increase and decrease construction cost, 

studies show that these changes typically add only 1% per annum to the cost of 

construction in the long run (Morris & Wilson, 2006: CSC.06.2). Bilec, Ries and 

Matthews (2007: 266) point out the added cost due to green design. 

 

While direct changes in the cost of material and labour have a relatively small impact 

on the cost of construction, the uncertainty over prices has created some disruption in 

the bidding environment (Nutakor, 2007: 10). Traditional bidding approaches place all 

risk of material and labour pricing at the sub-contractor level, where there is very little 

room to accommodate price movements (Acharya, Lee & Im, 2006: 548). Returning to 

the steel price increase in 2004 as an example, while a $300/TN increase created an 

increase of only 2 to 4% on the bottom line cost of construction, it was a 25 to 30% 

increase in cost to reinforcing steel contractors. 
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When material prices are fluctuating wildly, bidders cannot lock in prices at bid time. 

Suppliers are unwilling, or unable, to provide any price assurance for anything other 

than short term orders (Koushki & Kartam, 2004: 127). Delivery schedules are often 

extended because material demand is so high, as a result of high construction volume 

as well as panic-induced stockpiling of materials by contractors (Carbone & Tippett, 

2004: 29). Contractors often have to pay premiums to expedite supplies, but to 

counteract the possibility of shortages or delays some bidders double or triple book 

orders, which only compounds the material shortages. Contractors are understandably 

nervous since typical bidding processes ask them to submit fixed prices for work that 

often may not even start for up to a year or more after the bidding period (Fang, Li, 

Fong & Shen, 2004: 853). Suppliers are sometimes even more nervous since they are 

asked to adhere to prices for materials which may cost more to obtain once 

construction actually starts (Williams, 2007: 343). Volatility therefore makes 

contractors more likely to build risk premiums into their bids to cover potential 

increases in material prices, and suppliers more likely to wrap material quotes with an 

additional premium to ensure that they will still be able to make a profit in case of 

spikes in material cost (Odeyinka, Lowe & Kaka, 2008: 7). These premiums are 

usually higher than the expected increase in overall material cost, making volatility a 

far greater cost inflator (Fang, Fong & Li, 2004: 862). 

 

The current high volume of construction is creating a high demand for skilled 

construction workers (Esposto, 2008: 101). Townssend and Charles (2008: 65 – 65) 

had similar findings in the military sector. In cases where there is a severe shortage, 

there will be a reduction in the skills levels as a result of this. Even where demand for 

labour is not that high, worker availability is affected by the drawing of workers into the 

high demand areas (Srour, Haas & Borcherding, 2006: 1054). The shortages of skilled 

labour increase the contractor’s risk by increasing the likelihood of delay and more 

punch list (snag list) and remedial work (Addison et al., 2008: 116). 

 

Where construction activity is high in a specific area, there usually is a high demand 

for construction services. If similar increased construction activities are experienced in 

neighbouring regions, it makes it difficult to draw contractors into the region from other 

areas. Premiums must then be paid to obtain contractors. These additional costs will 

influence the final cost of any development. 

Hollmann and Dysert (2007: EST01.1) mention some additional factors influencing 

construction escalation: 

 



Chapter 6                                                      Cost Escalation and Contingency Analysis                        

______________________________________________________________________ 

 318 

Global demand –  The global demand for commodities is greater than any other 

time in history (Stein, 2008: IT.02.2). 

Energy costs –  The costs of oil, natural gas, coal and electricity are major 

components of construction cost. Claasen (2008b: 04 July) 

mentions that costs are expected to continue to rise substantially 

as a result of the following: 

 Utility deregulation: Rates, which have been locked at an 

artificial low level for a number of years, are opening up to 

market pricing and large increases are expected. 

 Environmental regulations: Fears of global warming are driving 

retrofits of power plants, use of cleaner fuel, and pollution 

controls on new diesel equipment – all of which are expensive 

(Kulatunga, Amaratunga, Haigh & Rameezdeen, 2006: 60; Hao 

Hills & Huang, 2007: 15). 

Aging infrastructure – Many of the power distribution systems in many countries are 

beyond their life expectancy. Replacement will be expensive 

(Park, Hwang, Seo & Seo, 2003: 27). 

Instability in the Middle East – Crude oil and natural gas are used in the mining, 

production and transportation of many construction materials 

(Ye et al., 2009: 43). 

Security requirements – New security requirements for background checks limit the 

available pool of workers.  

Climatic changes –  Worldwide increases in weather anomalies will consume certain 

regions’ available resources.  The explosion in development 

along the United States coastline can make the effect of a 

hurricane so much worse (Deschenes & Greenstone, 2007: 

355). 

Immigration policies – Illegal immigrants make up a large share of the labour pool 

(especially in America) in the construction industry. If there is a 

decrease in the use of illegal labour for construction, the 

competition for labour from legal sources will drive up costs. 

Large scale expansion – A sudden dramatic increase in construction activities draw 

large portions of the available skilled labour, and will therefore 

drive up costs. 

 

Hollmann and Dysert (2008: EST.08.1) state that escalation reflects changes in pre-

drivers such as productivity and technology as well as changes in market conditions 
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such as high demand, labour shortages, profit margins, etc. Technological progress 

(such as information technology) and the influence it has on the economy change 

market conditions and may have an effect on escalation (Chung, 2007: 63; Jorgenson 

& Vu, 2007: 126). 

 

5.0 MEASURING ESCALATION 

Measuring inflation in an economy requires objective means of differentiating changes 

in nominal prices on a common set of goods and services, and distinguishing them 

from those price shifts resulting from changes in value such as volume, quality, or 

performance (Botti, Conte, Di Cagno & D’Ippoliti, 2008: 3). For example, if the price of 

a 10 oz. can of corn changes from $0.90 to $1.00 over the course of a year, with no 

change in quality, then this price difference represents inflation. This single price 

change would not, however, represent general inflation in an overall economy. To 

measure overall inflation, the price change of a large "basket" of representative goods 

and services is measured (Ball & Petrowski, 2007: EST.09.1). This is the purpose of a 

price index, which is the combined price of a "basket" of many goods and services. The 

combined price is the sum of the weighted average prices of items in the "basket". A 

weighted price is calculated by multiplying the unit price of an item with the number of 

those items the average consumer purchases (Flemming & Koppelman, 2009: 22). 

Weighted pricing is a necessary means to measure the impact of individual unit price 

changes on the economy's overall inflation. The Consumer Price Index (CPI), for 

example, uses data collected by surveying households to determine what proportion of 

the typical consumer's overall spending is spent on specific goods and services, and 

weights the average prices of those items accordingly. Those weighted average prices 

are combined to calculate the overall price (Flemming & Koppelman, 2009: 22). To 

better relate price changes over time, indices typically choose a "base year" price and 

assign it a value of 100. Index prices in subsequent years are then expressed in 

relation to the base year price (Hamood Al-Harthy, 2007: 280).  

Inflation measures are often modified over time, either for the relative weight of goods 

in the basket, or in the way in which goods and services from the present are 

compared with goods and services from the past (Leishman & Watkins, 2002: 40). 

Over time adjustments are made to the type of goods and services selected in order to 

reflect changes in the sorts of goods and services purchased by “typical consumers”. 

New products may be introduced, older products disappear, the quality of existing 

products may change, and consumer preferences can shift. Both the sorts of goods 
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and services which are included in the "basket" and the weighted price used in inflation 

measures will be changed over time in order to keep pace with the changing 

marketplace (Lum, 2004: 32). 

Inflation numbers are often seasonally adjusted in order to differentiate expected 

cyclical cost shifts (Skitmore, Runeson & Chang, 2006: 777). For example, home 

heating costs are expected to rise in colder months, and seasonal adjustments are 

often used when measuring for inflation to compensate for cyclical spikes in energy or 

fuel demand. Inflation numbers may be averaged or otherwise subjected to statistical 

techniques in order to remove statistical noise and volatility of individual prices (Ramey 

& Vine, 2006: 1878). 

Measuring and tracking cost escalation requires a reasonably accurate index based on 

information that is reliable and captures a wide enough spectrum of data that all 

aspects of escalation are covered (Bureau for Economic Research (BER), 2008b: 20 

November 2008). There are several indices that can be used to measure construction 

cost escalation in South Africa. Several of these are specifically for the building 

construction industry and will not be discussed in this study. The indices mostly used 

in the engineering industry in South Africa include the Steel and Engineering Industries 

Federation of South Africa (SEIFSA) indices (SEIFSA, 2009: 06 August 2009). 

 

SEIFSA (2009: 06 August 2009) points out that SEIFSA is the industry’s voice in the 

Trade and Industry Chamber of the National Economic Development and Labour 

Council (NEDLAC). Most companies in the industry do not sell directly to consumers, 

but to national, provincial or local governments, private corporations or other 

companies in the industry, requiring inputs for their own production. Lead times 

between tender, order and delivery can be considerable – often a year or more 

(Hassanein & Khalil, 2008: 20). Therefore, and especially in times of high inflation, it is 

important for tendering companies to have a way of adjusting their contract prices to 

compensate for unforeseen cost increases in the period between tender and delivery 

(Hudson & Hudson, 2004: PM.22.2). 

SEIFSA consults on Contract Price Adjustment (CPA) formulas and escalation 

calculations which allow tenderers to adjust delivery prices in line with unforeseen cost 

increases. This SEIFSA service assists companies to allow for price adjustment 

provisions that are fair and equitable to them as well as their clients. The value of this 
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service to companies is in excess of R7 billion a year in escalation claims on contracts 

(SEIFSA, 2009: 06 August 2009). 

The monthly SEIFSA Price and Index Pages publish 140 indices that measure changes 

in the costs of manufacturing inputs in the industry. By including data from these 

indices in a CPA formula, a company can calculate the average changes in costs of 

labour, steel, transport and other inputs affecting the final cost of manufacture. SEIFSA 

regularly reviews the make-up of the various indices it generates in order to ensure that 

they remain relevant and accurate (SEIFSA, 2009: 06 August 2009). 

Jackson (2008: INT.S01.2) states that the Production Price Index (PPI) data are 

commonly used in escalating purchase and sales contracts. These contracts typically 

denominate specific dollar amounts to be paid at some point in the future. It is often 

desirable to include an escalation clause that accounts for changes in input prices. For 

example, a long-term contract for steel may be escalated for changes in scrap metal 

prices by applying the percent change in the PPI for wheat to the contracted price for 

steel. 

The PPI is a family of indices that measures the average change over time in selling 

prices received by domestic producers of goods and services. PPI’s measure price 

changes from the perspective of the seller (Faig & Jerez, 2006: 4). This contrasts other 

indices, that measure price change from the purchaser’s perspective, such as the 

Consumer Price Index (CPI). Sellers and purchasers’ prices may differ because of 

government subsidies, sales and excise taxes and distribution costs. 

It is important to evaluate cost indices to determine which provide the clearest and 

most consistent method of tracking what is happening to costs. Lomax (2008: 252) 

states that the evaluation criteria to consider include the following: 

• Correspondence with true inflation – does it accurately reflect changes in 

construction cost? 

• Cost to administer – what does the index cost to maintain? 

• Objectivity – is the data free from subjective interpretation? 

• Self-correcting – will the index be correct from year to year? 

• Contribution of costs such as materials, labour, general conditions, market 

conditions, and codes and practices to the total calculated index. 
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Each index should be evaluated not only on the aforementioned criteria, but on how it 

is intended to be used for a particular project or process calculation. Those which 

include input not just from materials and labour prices, but also from general and 

market conditions, and code of practice impacts, can be reasonably expected to be 

more reliable (Jackson, 2008: INT.S01.2). Indices which are based on statistical 

information are more likely to be objective than those based on opinions or views of 

individuals. Saito (2004b: INT.01.2) points out that indices which track larger numbers 

of items or projects can be expected to achieve a greater accuracy and level of 

reliability since it is more likely that they will take into account a wider range of the 

variables that impact cost escalation in the current world market. However, these 

indices are often more complicated and costly to administer (Saito, 2004a: INT.02.3). 

Hollmann and Dysert (2007: EST.01.4) provide the following criteria in selecting and 

developing price indices for use in escalation estimating: 

 

• They should be based on industry or government sources that are generally 

recognised as reliable and are readily available. 

• They should be generally applicable to the subject industry in the primary 

regions where a company performs or will perform capital projects. 

• They should be specific to the major cost types. 

• They must be easily updated, modified and maintained as an ongoing 

reference source. 

In the long run cost escalation is passed on to the end-consumer in the form of higher 

prices and thus ultimately it “bleeds” into inflation and the CPI (Jackson, 2008: 

INT.S01.2). In order to adequately capture project cost information over time and 

ensure comparability among projects, some companies have established proprietary 

projects systems to track costs according to an established Cost Breakdown Structure 

by project type. Figure 6.5 illustrates the developing process of an appropriate index to 

track escalation. 

5.1 Applying price indices to project costs 

 

Elementary level price forecasts are relatively easy in the sense that after choosing the 

correct index, a current index is divided by a base index and then multiplied by the 

base rate (Al-Jibouri, 2003: 146). It is more of a challenge to determine the best way to 
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apply disaggregated indices to elements of the overall plant cost (for which no reliable 

aggregated forecast index is available).  

 

The historical and forecast indices available are usually in a disaggregated format. In 

other words, there are separate indices for each of the major resources that go into or 

make up a project’s cost structure (Musgrove, 2008: EST.07.2). The indices supplied 

by the Steel and Engineering Industries Federation of South Africa (SEIFSA) is a 

typical example. Here the price increases for copper, steel, etc. are shown separately 

in different index tables. 

 

The estimator must then break down the project cost estimate into categories of cost 

of which applicable price indices are available (Ball & Petrowski, 2007: EST.09.3). This 

is not always a straightforward task. For example, a typical process plant has 

significant pipe material cost. Most of the piping material cost is for piping spools from 

the fabricator. The spool price includes for pipe, fittings and shop labour costs. The 

available disaggregated indices do not cover spool prices; therefore the estimator must 

create an aggregate or “proxy” index for the shop fabricated pipe that includes a 

weighted mix of pipe cost, fitting cost and the cost for shop labour (Hassanein & Khalil, 

2006: 183). 

 

Economists can provide hundreds of wage price and other price indices. As the 

estimator builds up weighted indices, or otherwise lines up cost categories with 

indices, there is the risk of going overboard with detail that can complicate the effort 

without adding real value or increased accuracy. For example, there may be wage 

increases for many different crafts, but in general they follow the same trend 

(Hassanein & Khalil, 2006: 183). Using one of these indices as a proxy measure for all 

crafts may be appropriate.  
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Figure 6.5: Index development chart 

Source: Jackson, 2008: INT.S01.2 
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5.2 Required index components 

 

Many escalation models fail either because of lack of appropriate detail and 

applicability to the business case, or too many complex routines for maintaining the 

escalation model (Jackson, 2008: INT.S01.3). In other words, the model needs to 

deliver the appropriate amount of information without becoming a burden and 

overweighing its benefits. Figure 6.6 is taken from several American projects to show 

their relevant cost composition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Jackson (2008: INT.S01.3) identifies about ten distinct project cost types. Each of 

these cost types can be broken down into very specific categories. However, the level 

to which these costs should be broken down must be weighed against the perceived 

benefit that is gained from applying a more detailed set of escalation indices to an 

increasing number of cost types. In fact, several main cost types may actually be 

combined if the nature of their sub-costs suggests strong congruency. 

 

Figure 6.7 illustrates a combination of “installation” and “fabrication” with labour being 

the main common sub-type. Table 6.3 displays the basic sources to arrive at 

 

0% 

10% 

30% 

20% 

40% 

60% 

50% 

70% 

80% 

90% 

100% 
11.7 

10.2 

3.0 

4.9 

6.5 

6.7 

33.8 

21.1 

Pipeline 

20.7 

7.6 

1.3 

6.2 

9.5 

9.3 

25.0 

20.18 

Offshore 

5.5 

13.1 

2.6 

5.7 

10.4 

43.5 

9.9 

9.3 

 

 

Onshore 

 

 

 

 

 

 

 

 

 

Other indirect 

Owners 

PM 

Engineering 

Other directs 

Installation 

Construction/fab 

Materials 

Equipment 

Equip and material 

Figure 6.6: Cost composition by project type 

Source: Jackson, 2008: INT.S01.3 



Chapter 6                                                      Cost Escalation and Contingency Analysis                        

______________________________________________________________________ 

 326 

escalation factors. It is, however, recommended to consider adjustments to this model 

based upon specific requirements. 
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The indices in Table 6.3 are displayed in Figure 6.8. It is noticeable that a significantly 

directional change occurred in 2004 with cost increases in many major cost 

components but most visibly in steel or metal related commodities. The CPI does not 

display a considerable change in the degree of escalation for that particular time 

period, which may be the cause for disproportionate comparative results when 

assessing multiple time periods. 
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5.3 Modelling of a cost escalation factor 

 

Touran and Lopez (2006: 855) define the cost escalation factor as the rate of change 

in the cost escalation indices form year to year and they propose the following formula 

to calculate this rate: 

 

∆I = [(Ii / Ii-1) – 1] x 100% 

 

Where: 

 

∆I  - is the percent of change of period, 

Ii-1 - is the index of the previous period (i – 1), 

 

A positive value of ∆I is an indication of increase in cost. In contrast, if the value of ∆I is 

negative, that is because period (i) has experienced a deflation. They compound the 

average value for ∆ for a given period by using the following formula: 

 

r = [(Ie / Ib)I/n – 1] x 100% 

 

Where: 

 

r - is the average rate of change, 

Ie & Ib - are the index values for the beginning and end periods, and 

N - is the number of periods between e and b. 

 

5.4 The effect of interest rates on escalation indices 

 

Interest rates appear to have an inverse relationship with construction cost increases. 

Figure 6.9 indicates this tendency. When interest rates increase, the cost of financing 

construction rises, and the number of new projects gradually declines (Elizandro & 

Matson, 2007: 99). With less work, there is more competition for the available projects 

and a reduced demand for raw materials. Increases in interest rates generally precede 

a slowdown of the general economy, making companies less likely to fund large capital 

projects. On the other hand, if interest rates are reduced, the cost of financing 

construction is reduced, and the economy is generally poised for an upswing 

(Sanchez, 2008: 46). 
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5.5 The effects of EPC capital markets on cost indices 

 

A challenge not mentioned before which also comes into play and that cost indices do 

not take cognizance of is the micro-economy. For example, the Engineering, 

Procurement and Construction (EPC) form of contracting is a micro-economy where 

the labour prices have increased more than the engineering and construction that the 

government agencies and the economists track. This is because contractors’ prices 

include mark-ups such as risk premiums, productivity factors, etc. (Squires, Reid & 

Jeon, 2008: 82). No one tracks EPC bid prices per se. In the long run, underlying costs 

(such as wages) drive trends, while market strength can be the dominant driver in the 

short run (Hollmann & Dysert, 2007: EST.01.5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hollmann and Dysert (2007: EST.01.5) adopted the method of specific construction 

knowledge to that of the economist’s macro-economic knowledge. They propose the 

adjustment of existing available labour pricing indices with additional factors that reflect 

the relevant level of capital expenditure in the EPC market. For example, if EPC 

investment increases substantially in a year, EPC contractors will be able to exert their 
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market strength and raise bid prices in some proportion to which the rate of capital 

spending increases.  

 

Figure 6.10 illustrates how EPC engineering and construction prices for small and 

large projects tend to vary with the level of capital spending for process plants (which 

is a micro-economy). 

 

Note that small project price trends vary less and EPC pricing level changes tend to 

lag changes in the economy. Hollmann and Dysert (2007: EST.01.05) make the 

following statement: 

 

“There is no doubt that labour pricing is linked to the relative level of 

CAPEX in the process industries (and construction employment).” 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The only uncertainty is the extent to which CAPEX affects labour price on a given 

project in a given region. Furthermore, the CAPEX effect is less on small projects 

using local contractors with long standing relationships. The effect is greatest on large 

projects – particularly those in more isolated areas with smaller labour pools. Hollmann 

and Dysert (2007: EST.01.05) mention Alberta in Canada as an example.  
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Factoring market demands into labour price indices is not yet common practice. 

However, it is necessary that this be done because published indices only cover 

compensation which tends to be fairly stable. They typically do not track the prices 

owners pay. Hollmann and Dysert (2007: EST.01.05), for example, make mention of 

Chemical Engineering magazine’s Plant Cost Indices. These indices have been stable 

since 2000, indicating that labour prices have been more or less constant since 2000. 

In practice, however, this is not the case. Global engineering and construction firms 

have commanded increasing prices since 2003, particularly for large projects. 

 

5.6 Some ideas in the development of an escalation tool 

 

Hollmann and Dysert (2007: EST.01.6) offer the following steps in developing an 

escalation estimating tool: 

 

• Get buy-in on the approach from the engineering and business 

communities. 

• Decide on the cost account breakout to use for escalation estimates 

(preferably based on the standard code of accounts). 

• Obtain the services of an economics firm that can provide the historical and 

forecast indices required. 

• Obtain the up-to-date indices from the economist and develop weighted 

indices for each of the project’s estimate cost accounts. 

• Make adjustment to the weighted indices as needed, particularly for capital 

demand trends. 

• Determine the estimated project cash flow by cost account. 

• Apply the indices appropriately to the cash flow for each cost account. 

• Decide how to handle escalation on contingency fund and escalation risk. 

 

Cost estimators are, however, cautioned not to expect too much accuracy from cost 

indices (Lofton & Coppo, 2007: RISK.05.1). These indices are approximations 

intended to represent the average trends for a large group of projects in a broad 

region. The indices are generic and conceptual in nature and judgment must be 

applied in using them in any given situation. Escalation estimates should always be 

considered a Class 5 estimate. Refer to Chapter 3 of this study for estimate 

classification. 
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6.0 MANAGING ESCALATION 

 

As mentioned previously, cost escalation in the construction market is a cumulative 

effect of a number of different factors (Abi-Karam, 2004a: DEV.04.2). While each of 

them may only contribute a small amount to the overall cost of a project, when 

combined they are a driving force behind the rising costs of constructing a new plant 

(Butts, 2007a: EST.08.1). Because there are so many factors contributing to 

escalation, managing escalation requires a variety of strategies. 

 

The increases of hard prices are a reality. It is worth noting that over a ten year period, 

construction material escalation is broadly in line with the broader measures of 

escalation (Morris & Willson, 2006: CSC.06.1). It should also be realised that as long 

as construction volume remains high and the pool of skilled workers does not grow to 

accommodate the demand, bidders will always have options (O’Mahony et al., 2008: 

14380). Jansen-Rommijn (2008: EST.13.1) and Nassar and Hegab (2006: 556) point 

out that projects which are perceived as difficult, whether for the complexity of the 

design, the level of regulatory requirements, the location of the project, or even the 

reputation of the project owner, are less likely to attract bidders, and those who are 

willing to bid on these projects are more likely to increase their bids to cover their risk. 

 

Noor et al., (2006: OWN.05.2) state that the estimator should realise the volatility of 

bidding. Material prices will continue to fluctuate, although perhaps not to the extent 

seen in recent years (Morris & Willson, 2006: CSC.06.1). Bidder’s interest will continue 

to fluctuate, based on the amount and type of work available at any given time.  

 

Touran and Lopez (2006: 854) reveal that the dominant escalator in the current market 

is poor allocation of risk. Yiu and Tam (2006: 478) state that traditional bidding 

methods place the bulk of the risk on those who are least able to absorb any 

fluctuations in cost. To manage cost escalation and minimise the impact of future cost 

increases or other factors which will arise to put additional pressure on the market, 

project owners need to change how they think about, and handle projects (Hollmann & 

Dysert, 2008: EST.08.2). The party who will have to accept the risk involved in the 

project will charge a premium (Arrow, 2008: RISK.01.2). By passing the risk to the 

contractor, they will put premiums in their bids and by requiring contractors to submit 

hard money bids for long term projects, the risk is passed to the vendors who will also 

build a premium into their bids. Perhaps the best option for project owners to minimise 
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the impact of the volatile construction market is to become partners in the risk (Autiero, 

2000: 52; Babusiaux & Pierru, 2009: 104).  

 

The first step is for project owners to take more responsibility for the risk associated 

with material price fluctuations (Cicmil & Nicholson, 1998: 98). Because the owner is 

more diversified, he is better able to handle the risk. This can be done in a number of 

ways at each level of the design and construct process (Carbone & Tippett, 2004: 29). 

To help and absorb the risk for contractors, project owners can: 

 

• Include fluctuation clauses (Cheng & Yang, 2001: 295) which will allow for 

shifts in material costs; in other words, the owner agrees to cover the cost 

of materials and does not require the contractor to submit a fixed price for 

something they may not be able to purchase for quite some time. 

• Pre-purchase materials to limit the impact of future price fluctuations 

(Formoso, Soibelman, De Cesare & Isotto, 2002: 319). 

• Provide dedicated float for slippage by understanding that, due to current 

market and transient material shortages, some scheduling delays may be 

inevitable (Nassar, Gunnarsson & Hegan, 2005: 1258). 

• Reduce the bid award period to accommodate shorter price locks. 

• Delay the bidding of non-essential packages so that when those items are 

bid, prices can be closer to actual costs at the time they are needed. 

• Negotiate sub-contracts along with the contractor. 

• Use Cost-Plus contracts (Rossetti & McKeeman, 2008: 7). 

 

At all levels of the project, the key aspect for the project owner is to actively manage 

design and cost by ensuring that all participants in the design process are fully aware 

of budgetary constraints as well as the impact of any changes or delays on overall 

project cost (Morris & Willson, 2006: CSC.06.1). This will likely require a departure 

from the usual method of designing and constructing projects and takes committed 

leadership, freedom of action at project level, and most importantly, more work and 

commitment from all members of the project team to meet higher performance 

expectations (Singh, 2003: 316).  

 

A challenge of escalation estimation, by any method, is the reliability or accuracy of the 

forecasts (Vargas, 2004: CSC.16.3). The first step will be to obtain indices from 

economists that correspond to the markets of interest, particularly local wage rates and 
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regional and global CAPEX for the subject industries (Yisa, Ndekugi & Ambrose, 1996: 

52). The advantage of probabilistic methods is that even if the resulting forecast is 

inaccurate, management will have the opportunity to really understand the risks and 

make an informed decision on how to address that risk (Sorenson & Lavelle, 2008: 

43).  

 

As with all estimating, management tends to have unrealistic expectations of 

escalation estimate accuracy (Chen, O’Brien & Herbsma, 2005: 671). It can also be 

expected that the use of CAPEX indices to develop proxy factors will be challenged. 

This methodology has not been covered by extensive literature which might be the 

reason why proxy factors have not been a popular method.  

 

7.0 ESCALATION VERSUS CONTINGENCY FUND 

 

As stated previously, escalation is defined as underlying economics-driven changes in 

price levels. Escalation is not controlled and driven by any company’s management 

(Hollmann & Dysert, 2007: EST.01.3). It is macro-economics driven (Akerlof, 2007: 16) 

and largely out of the control of the estimator. Project cost increases are normally the 

result of poor project practices of which escalation is but one factor (Devine, 2006: 

INT.06.2). Escalation in itself is not doubling or tripling project costs. Poor project 

practices are a well-known cost risk driver that should be addressed by the 

contingency fund, not escalation (Ford, 2002: 30; Sonmez, Ergin & Birgonul, 2007: 

36).  

 

Even the best defined and managed projects will face price increases driven by 

underlying economic conditions (Faig & Jerez, 2006: 4; Waara & Bröchner, 2006: 

799). Poorly defined and poorly managed projects are, however, more likely to be 

affected by increased costs. These increases can be seen as contingency risk and not 

escalation. The contingency fund has a negative connotation, in the sense that 

management believe it to be “fat”, and they are not receptive to the idea that their own 

poor practices is what is causing much of the cost growth (Whiteside, 2007: EST.04.1; 

Rothwell, 2005: EST.18.2). 

 

Another principle to understand is that escalation is not costs that result from the 

manager’s project scope and execution strategies (Robinson, 1996: 8). For example, if 

an owner selects a high price bidder just because he can deliver his equipment first to 

site, the difference in tender prices between this bidder and the second bidder cannot 
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be seen as escalation (Butts, 2007a: EST.08.1). Similarly, choosing to offer 

contractors incentives such as overtime and bonuses is an owner’s management 

choice (Singh, 2003: 315). The portion of the price that is “contractor’s risk premium” is 

affected by owner’s choices. Specifically if the owner chooses to push all risks to the 

contractor by using fixed price contracting, then the higher prices are the result of the 

owner’s choice, not escalation (Singh et al., 2007: 22). 

 

8.0 CONTINGENCY 

 

Contingency project performance is frequently measured in cost, time, and the value of 

the constructed facility (Skitmore & Ng, 2002: 457). Blyth and Kaka (2006: 87) point 

out that a traditional approach to mapping multiple objectives applies a zero-sum-gain 

perspective in which the aggregate performance in these three dimensions is assumed 

to be fixed and trade-off decisions are used to achieve better performance in more 

important dimensions at the cost of poorer performance in less important dimensions. 

 

Accepting increased cost to reduce project duration by paying for overtime is perhaps 

the most common application of a zero-sum-gain approach to managing construction 

projects (Ford, 2002: 30). This approach forces managers to choose among lower cost 

projects, shorter project duration, or better facilities and contrasts sharply with their 

desire to satisfy all three of these project objectives. Strategies are being sought that 

can simultaneously improve project performance in multiple dimensions (Ford, 2002: 

30). 

 

Project budgets are one of the most important and widely used project management 

tools (McDuling, Horak & Cloete, 2004: 2). Project complexity and the inherent 

uncertainty of the financial performance of constructed facilities, development funding, 

and the control of costs and schedules make exact budget needs impossible to 

forecast accurately. These same characteristics also cause projects to deviate from 

plans (Nepal, Park & Son, 2006: 185). Therefore, contingency funds are included in 

development budgets to provide managers with the flexibility required to address 

uncertainties and deviations that threaten achieving objectives (Nima, Abdul-Kadir, 

Jaafar & Alghulami, 2004: 316). The contingency fund is important in realising project 

objectives and can represent a large portion of the project budget (Noor & Tichacek, 

2004: RISK.04.2). The effectiveness of contingency management can therefore have a 

strong influence on project success. Large contingency fund sizes, the challenges of 

managing a contingency fund, and the central role of budget contingency fund in 
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determining project success, make contingency management an important project 

management issue (Ford, 2002: 30). 

 

Bonhomme-Delprato (2008: 13) demonstrates that contingency fund is defined as the 

amount to be added to the competitive base estimate, prepared realistically for the 

known scope assuming typical site/market conditions/oversights/unknows, and is free 

of excessive allowances and mark-ups, as per historical experience so that the final 

project cost estimate has an equal chance of falling above/below the actual cost or the 

initial quantifiable estimate (Prasad, 2008: EST.S02.1). Retief and Ker-Fox (2004: 1) 

suggest that the contingency fund is intended to mitigate the adverse impact of the 

unforeseen events. It is a reserve and hedge against risk for estimate assumptions. 

These risks can include budget estimates, activity durations and sequencing, resource 

requirement, historical benchmarking or database inputs being repetitive, resource 

availability, vendor co-operation, strikes, etc. The risk allowance is not for scope 

growth increase or interest rate changes. Ripley (2004: CSC.08.1) recommends a 

combination of factors to be considered when deciding on a contingency fund. They 

are design definition, estimating method, estimator’s experience, time frame, schedule 

probability, new technology or proto-type engineering, remoteness of job site, 

engineering progress at the time of estimate, and material commitment at the time of 

estimate. It is not a function of changes in the defined scope of a project or the 

unforeseeable circumstances beyond management’s control. Rather it is money that is 

expected to be spent, hence, controlled (Prasad, 2008: EST.S02.1). Figure 6.11 

shows combined cash flow and contingency fund requirements. 

 

8.1 Bid risk and contingency analysis 

 

The exact amount to bid is a taxing decision for the contractor from the viewpoint of 

accuracy, primarily because of the inherent risks involved in projects and work 

packages (Carr, 2005: 1165). These risks, which vary from nearly every item that is a 

project expense, can range from being significant to insignificant, and result in either 

cost overruns or profit opportunity. 
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Project expense items have a range of possible costs. These costs can be optimistic 

enough such that the contractor can afford to either bid low or bid normal and charge 

high profits or else can be pessimistic enough, such that the contractor is compelled to 

bid high and face lower profits (Berends, 2006: 37). However, before contractors 

decide on making an investment, they need to inevitably analyse the risks and 

profitability of the investment if they hope to submit a reliable estimate (Carr, 2005: 

1165). If the risks and profitability do not fulfill the expectations of the contractor after 

analysis, the investment is not likely to be pursued (Lo, Lin & Yan, 2007: 410). 

 

Nutakor (2007: 10) indicates that one of the most common methods of awarding 

construction projects is the lowest bidder system. It is a competitive system through 

which most vendors obtain their work with price being a predominant factor or sole 

criterion (Tebin, 2009: 8). While the awarding of contracts for construction work on the 

basis of competitive bids offers certain advantages to both owners and contractors, it is 

believed that many of the construction industry’s problems can be traced back to 

making price the sole criterion (Kassab, Hipel & Hegazy, 2006: 1045). Furthermore, 

though the lowest bid may be attractive, it may not be the lowest final cost (Lo et al., 

2007: 410). 

 

 

 

 

Figure 6.11: Combined cash flow and contingency requirements 

Source: Retief and Ker-Fox, 2004: 4 
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8.1.1 Data analysis procedures 

 

Table 6.4 demonstrates the extent of possible factors that can influence the bid price 

and will ultimately have an influence on the level of contingency fund (Nutakor, 2007: 

11). Nutakor (2007: 16) further determined that there are seven main contributors to 

cost overruns on projects in the oil and gas construction industry: 

 

• change orders, 

• level of scope definition, 

• bid process, 

• contract risk, 

• market conditions, 

• risk management issues, and 

• performance. 

 

The factors mentioned in Table 6.4 are more influential at the beginning of the project. 

As the project draws to a close, nearing plant commissioning (Bosch, 2004: 9) these 

factors will be less influential or will completely fall away (Noor et al., 2006: OWN.05.2). 

Figure 6.12 illustrates this point. 

 

Primary coding category Secondary coding category 

 

Change orders 

 

- Number and magnitude of changes 
- Change order administration/management 
- Changes in work condition or situation 
- Variation in quantity 

 

 

Level of scope definition 

 

 

- Design or engineering completeness 
- Differences in opinion as to scope 
- Changes in scope of work 
- How well responsibilities are defined 
- Thoroughness of risk analysis on design 
- Inconsistent documentation (quality of bid 

package) 
- Right contractual terms 

 

 

Bid process 

- Time to bid 
- Clarity of request for bids 
- Mistakes in sub-contractor’s bids 
- Omissions by bidder 
- Completeness of bid package 
- Thoroughness of pre-award interview 
- Bid clarification 

 - Higher contract administration costs 
- Litigious nature of owner 
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Contract risks - Litigious nature of sub-contractor 
- Litigious nature of designer/consultant 

 

Market conditions 

- Change in wage rates 
- Change in material prices 
- Quality and availability of work force 

 

 

Risk management items 

- Job location 
- Contractor’s construction management 

expertise 
- Owner’s construction management expertise 
- Risk allocation to the right party 
- Whether bidder has assessed the difficulty of 

the work correctly or not 
 

 

 

Performance 

- Rework (because of quality by contractor or 
sub-contractor) 

- Rework because of late changes by owner or 
designer 

- Failing to meet specifications due to 
interpretation differences 

- Owner’s influence on contractor or sub-
contractor (schedule effect) 

- Effect of site productivity 
- Field supervision costs 

 

Table 6.4: Data coding categories of all cost factors 

Source: Nutakor, 2007: 11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 Time 

Cost uncertainty 

Figure 6.12: Variation of cost uncertainty with project execution/bid timeline 

Source: Noor et al., 2006: OWN.05.2 
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During the process of determining risks, two main tasks are accomplished. The first 

task is the identification of potential risks that may influence the base estimate. This list 

can be obtained from experiences on past projects (Lo et al.,2007: 411). Once the list 

of risks is compiled, the risks are grouped into categories as displayed in Table 6.4. If 

the bidding information is properly compiled, the client/contractor can displace much of 

the risk on the project to the bidder. These risks will be allowed for in the bidder’s 

price/rates.  

 

8.1.1.1 3 Point price estimates 

 

It is customary on projects to obtain three estimates for all material, equipment, labour 

and sub-contractor items (Thomas & Ellis, 2007: 542). In addition, before probabilistic 

cost analysis is performed, there should be no doubt that the scope of work and 

specifications need to be adequately fulfilled. Estimators need to understand the 

methods involved in construction. Getting the three estimates ensures that ups and 

downs are covered and that the price is representative and reliable, enabling the 

contractor to make an informed decision on the final selection. 

 

As the contractor receives more and more estimates for work packages, these 

estimates can be subdivided into three parts – a most likely range, a pessimistic range 

and an optimistic range (Thomas & Ellis, 2007: 543). For the amount of uncertainty and 

risk associated with costs, subdividing into additional ranges beyond the three above is 

unnecessary work that does not yield further information of much value. Considering 

three ranges is simplistic, accurate and representative. 

 

8.1.1.2 Work packages 

 

Construction projects usually have hundreds of thousands of work packages. Singh, 

Shiramizu and Gantam (2007: 20) demonstrate a technique of risk and contingency 

analysis by using only three work packages as an example. They refer to A, B and C, 

which are respectively foundations, civil works and structural works. Overhead costs, 

personnel costs and indirect costs can also form part of these work packages. 

 

Various factors, such as variability in project activities, material and labour costs, will 

influence the probability of cost overrun or under run of the project (Ling, Chan, Chong 

& Ee, 2004: 76). Work packages costs can fluctuate for a large number of reasons, 

including slow worker production rate, lost work days because of sickness, injuries or 
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accidents, material shortages, delays in material arrival, faulty material, compressed 

schedules, rework due to poor quality, weather problems, crisis situations, misleading 

drawings, owner interference, terrain difficulties, poor estimating, lack of equipment 

performance, poor worker morale, etc. 

 

Identifying and understanding risks is important to obtain a reliable estimate (Hannon, 

2005: EST.09.2). However, risk analysis does not simply stop at identification and 

understanding of risks. The identification and understanding needs to be reverted to 

actual costs to get a solid grip on the budget ramifications of risk (Ling et al., 2004: 77).  

 

8.1.1.3 Price probability 

 

Singh et al., (2007: 20) expand on their work package example of A, B and C. Say, for 

example,  that for work package “A” the contractor only gets three prices – $5, $7 and 

$10 (in thousands of dollars). The probability of obtaining a $5, $7 or $10 price on the 

project is therefore 33% each. If the contractor gets two quotes for $5, three quotes for 

$7, and one quote for $10, the probability of achieving $5 on the project is 33%, for $7, 

50%, and for $10, 17%. Such a procedure for evaluating probabilities is valid when one 

has histograms to represent the frequency of prices. 

 

8.1.1.4 Triangular distribution 

 

One approximation that simplifies the analysis of the frequency distribution created 

above, as well as allows a continuous analysis, is the use of the triangular probability 

distribution as a surrogate for normal distribution (Singh et al., 2007: 20). If one 

considers low, medium and high frequency levels, it is possible to obtain triangular 

distributions for commensurate optimistic, most likely and pessimistic prices. 

 

For example, a triangular distribution could be as seen in Figure 6.13. A polyline could 

ensue such as in Figure 6.14 where an extreme price (the pessimistic price in this 

case) is expected to occur with some medium level of frequency. Fundamentally, the 

triangular shape is the expected distribution profile for data within the range of prices.  
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8.1.2 Obtaining prices 

 

Depending on how the pricing is being done, it is not necessary to obtain market prices 

for any particular work item if the estimator has enough experience. Combined with 

some feel for the under run or overrun, he can assign appropriate frequencies to the 

prices and arrive at a triangular or polyline distribution (Williams, 2006: 40). Thus the 

estimator can determine the absolute minimum price of a project as well as the 
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Figure 6.13: Triangular distribution of costs 

Source: Singh et al., 2007: 23 
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absolute maximum cost of as project, with potential prices ranging in between those 

extremes. 

 

Estimators have different ways of determining prices. Whether the rates are based on 

market prices, or on historical data, or calculated from first principles – the bottom line 

is that the prices must be divided into three categories: optimistic, most likely, and 

pessimistic (Yiu & Tam, 2006: 476). 

 

8.1.2.1 Frequency approximation by triangular distribution 

 

Triangular distribution uses graphing, calculating triangular areas under the “curve” 

and probabilities in order to organise contractors’ bids. The basic assumption required 

for using triangular distribution is that the area under the “curve” represents the 

probability of cost. Each work package contains different elements of the project. A 

computer with specific software is recommended when this exercise has to be done on 

a real project, but for discussion purposes the following example can be used. 

 

Singh et al., (2007: 23) point out that if there are three different ranges of bid prices for 

a project consisting of three work packages (WP), namely work packages A, B and C, 

after the basic data has been collected and organised, each work package needs to be 

analysed individually. Figure 6.15 illustrates the triangular distributions for the three 

work packages. The areas under the graph represent the infinite number of 

possibilities that exist for specific work package prices occurring at a specific 

frequency. If an infinite number of bids can be obtained, the distribution plot can be 

approximated to the triangular distribution graph of Figure 6.15. 
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To determine the probability of occurrence of any range of any work package, one 

must find the area under the curves. The areas of the respective triangles under each 

range must be calculated. The total area under the graph represents 100% probability 

of occurrence. Thus for work package A: 

 

Area of Triangle A1 = ½ x 1 x h = 05.h 

 

Area of WP Triangle A2 = ½ x 2 x h = h 

 

Total area of work package A = Area of A1 + Area of A2 = 0.5h + h = 1.5h 

 

Where h is the height of the most likely frequency, the areas for other WP ranges are 

found similarly. These are presented in Table 6.5. 

 

Triangle Area Probability of Occurrence (P) 

A1 0.5 x (4 - 3) x h = 0.5h A1 / (A1 + A2) = 0.5h / 1.5h = 0.33 

A2 0.5 x (6 - 4) x h = 1.0h A2 / (A1 + A2) = 1.0h / 1.5h = 0.67 
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Figure 6.15: Triangular distribution costs of three work packages A, B and C 

Source: Singh et al., 2007: 22 
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B1 0.5 x (7 - 5) x h = 1.0h B1 / (B1 + B2) = 1.0h / 2.0h = 0.50 

B2 0.5 x (9 - 7) x h = 1.0h B2 / (B1 + B2) = 1.0h / 2.0h = 0.50 

C1 0.5 x (9 - 8) x h = 0.5h C1 / (C1 + C2) = 0.5h / 2.0h = 0.25 

C2 0.5 x (12 - 9) x h = 1.5h C2 / (C1 + C2) = 1.5h / 2.0h = 0.75 

 

Table 6.5: Probability of occurrence 

Source: Singh et al., 2007: 24 

 

Subsequently, the probability of occurrence of the zone represented by A1 is: 

 

Prob. (A1) = Area of A1 / Total area of WP A = 0.5h / 1.5h = 0.33 

 

Similarly, the probability of occurrence of the zone represented by A2 is: 

 

Prob. (A2) = Area of A2 / Total area of WP A = h / 1.5h = 0.67 

 

To obtain the probability of the overall costs on the project and to determine the final 

bid price, the individual probabilities of occurrence for the triangles in Table 6.5 need to 

be combined. The target cost is defined as the sum of the most likely costs for each 

work package. Figure 6.16 indicates a confidence of 29% at a value of $20K. The 

contractor might not feel comfortable to bid his work package with this price if he has a 

70% chance of an overrun. This seems to be a risk situation where only the contractor 

can make a decision. A reasonable decision involves ascertaining the confidence limit 

with which the contractor feels satisfied. 

 

Assume the contractor feels safe with either a target price or 80% confidence. Figure 

6.16 indicates that the 80% confidence level represents a price of $22.10K, which is 

higher than the target cost. Should the contractor choose this value, he will be able to 

meet the target price and will be able to set aside a contingency fund. 
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8.1.3 Beyond-contractual reward (BCR) 

 

In the competitive bidding system, price is the decisive criterion so contractors may win 

the bid by tendering an abnormally low bid, accidentally or deliberately (Lo et al., 2007: 

409). When contractors begin construction under an unfavourable condition in terms of 

price, they often adopt some strategies to compensate for the deficit, such as using 

inferior material/labour and bringing up claims against the employer (Oyegoke, 2006: 

98). All compensations gained beyond the contract are called beyond-contractual 

reward (BCR). 

 

In general, contractors tender an abnormally low bid due to insufficient professionalism 

or cursory calculations. Such situations are referred to as “winner’s curse”, by which 

the contractor who wins the bid undertakes the construction at a sacrifice (Lo et al., 

2007: 410). The main factor that might cause serious problems for the construction 

market is contractors’ deliberate low-bidding behaviour. Certain bidders will extensively 

review the bidding documents, noting mistakes and ambiguities that will lead to 

loopholes in the contract and will pave the way for future in-contract claims. These 

bidders can lower their bid prices with the knowledge that they will be able to recover 

any “losses” in future change orders/claims (Yiu & Tam, 2006: 478).  
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Figure 6.16: Confidence limits, bid price, and profit and the project 

Source: Singh et al., 2007: 23 
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Figure 6.17 indicates that a contractor’s bidding price is influenced by interdependent 

variables from two dimensions of cost and market competition. According to the 

aforementioned assumptions, historical award prices and the number of competitors 

are the two fundamental considerations in the dimensions of market competition 

(Struts & Griffis, 2005a: 623). 

 

8.2 Contingency fund calculation 

 

Retief and Ker-Fox (2004: 1) indicate that contingency funds are widely accepted 

budgeting tools for affording projects acceptable levels of cost reliability. However, a 

global contingency pool can be misleading early in the project. Risk associated with 

initial project definition can consume a disproportionate amount of contingency, 

exhausting the available reserve funding prior to project completion. 

 

Prasad (2008: EST.S02.1) points out that the concepts of contingency formulation is 

based primarily on the contract type being fixed fee (lump sum) or cost-plus (where a 

normal contingency fund is applied as required for budget restraints, engineering, etc.). 

Contingency setting remains one of the key areas of concern for a company’s project 

system as the assignment of reliable contingency allowances in project cost estimates 

can make or break a project (Burroughs & Juntima, 2004: EST.03.1). 

 Market competition Cost 

  

Bidding 
prices 

Cost 

Time to improve cost 

Decrease in cost 

Cost improvement factor 

Award price Time to adjust MP 

Market price 

Change in MP 

Effect of competition on price 
Sensitivity of ECP 

Reference number of competitors 

Perceived number of 
competitors 

Allowance factor 

Expected 
market price 

Figure 6.17: Contractor’s pricing without consideration of BCR 

Source: Lo, Lin and Yan, 2007: 411 
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Over the years various contingency setting techniques have been developed in an 

ongoing search for reliable approaches. These techniques vary from simple to 

complex in their development and use, but all have the objective of improving the 

accuracy of the project estimate.  

 

Burroughs and Juntima (2004: EST.03.1) describe contingency as an amount of 

money that experience has demonstrated must be added to the base estimate to 

provide for uncertainties related to (a) project definition and (b) technological 

uncertainty. Contingency is money that is expected to be spent. The contingency 

account is not to provide for changes in the defined scope of a project, or for 

unforeseeable circumstances beyond management’s control. Contingency should also 

not be viewed as a reserve or slush fund that the project team cannot spend without 

upper management’s approval. Likewise, management should not have the 

expectation that if a project team does its job well contingency will not be spent. 

Burroughs and Juntima (2004: EST.03.1) comment on an approach of setting a 

contingency at an amount that achieves a 50% probability of overrun. At a 50% 

probability the project system, on average, is expected to spend its entire contingency. 

 

The previous discussion assumes that the base estimate is a realistic and competitive 

estimate of the known scope and also assumes typical site and market conditions. A 

competitive base estimate is free of excessive allowances and markups for general 

unknowns. Allowances to cover specific, but uncertain items are within the base 

estimate. The competitiveness of the base estimate is a key factor to consider in 

contingency setting (Burroughs & Juntima, 2004: EST.03.1). 

 

The majority of projects set their contingency using techniques that can be grouped 

into one of three categories: predetermined percentage, expert’s judgment, and risk 

analysis.  

 

8.2.1 Predetermined percentage 

 

Burroughs and Juntima (2004: EST.03.1) point out that most companies using this 

form of contingency setting would allow 5 to 10% of their base estimate as a 

contingency. This form of allowance may seem arbitrary, but this allowance is a 

reasonable average for contingency use in the process industry.  
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The advantage of this method is its ease of use and its consistency. Using a consistent 

percentage removes subjectivity from the process. Because of its ease of 

implementation, a fixed contingency percentage is often the technique applied to 

smaller projects. The disadvantage of the method is that it removes specificity and 

subjectivity from the process; it is inflexible to potentially important risk drivers, such as 

process complexity, use of new technology, and level of project definition. Because of 

this, this method tends to under-estimate contingency needs for complex or poorly 

defined projects and to over-estimate for simple or well-defined projects. By failing to 

take project risk drivers into account, the pre-determined percentage method produces 

large variations in the probability of overrun or under run from project to project. 

 

8.2.2 Expert’s judgment 

 

A more advanced and flexible methodology for determining contingency is to use 

educated judgment of experts to assist in setting a contingency level (Unal et al., 2005: 

34). In this technique, skilled estimators and project team members use their 

experience and expertise to assign a level of contingency that they believe is 

appropriate for the project at hand. Unlike the pre-determined percentage method, 

expert judgment considers specific risk factors and base estimate competitiveness. 

 

The degree of structure to this form of contingency setting process varies widely. 

Typically, the experts must consider bounds or norms (formal or informal) for 

contingency outcomes. These bounds may be expressed by using an expanded 

version of the pre-determined contingency approach whereby the experts must select 

from contingency that are pre-determined for discrete risk levels. If the process is more 

highly structured than this, it tends to be classified as a risk analysis (Humphreys, 

2004: 3). 

 

By using specificity and subjectivity in setting each project’s contingency level, a 

project system is more likely to have more accurate estimates (Kasprowicz, 2004: 2). 

However, subjectivity is also the main disadvantage of this method in that the skill, 

knowledge and motivation of the experts may vary widely. Typically, only a few experts 

are available whose understanding of project cost risk and estimate competitiveness 

can be relied on. This experience is not easily transferable, which makes turnovers a 

primary concern (Al-Tabtabai et al., 1997: 283). 
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8.2.3 Risk analysis 

 

Risk analysis techniques examine risk factors in a more structured way than expert 

judgment and apply specific quantitative methods of translating the assessed risk into 

contingency values (Humphreys, 2004: 2). The quantitative methods are usually 

probabilistic and allow the statistical confidence level of cost outcomes to be 

considered (Touran, 2003: 281). 

 

The most commonly used form of risk analysis employs Monte Carlo analysis as the 

quantitative method. In this technique, a probability distribution is assigned to each 

estimate line item or subtotal, and the simulation tool randomly selects a possible 

outcome from each item’s distribution and aggregates the item outcomes into a total 

expected project cost outcome (Vrijland, 2005: DEV.06.1). This process is repeated 

many times to obtain an average total cost. The distribution of the iterative outcomes 

can then be used to select a contingency value that provides the level of statistical 

confidence desired (Whiteside, 2008: EST.04.2).  

 

The main advantage of risk analysis techniques is that they are probabilistic in nature. 

They allow confidence levels to be explicitly considered and they are flexible 

(Hollmann, 2007a: RISK.03.6). Monte Carlo analysis can be applied to any estimate or 

cost analysis that can be totalled or modelled in a spread sheet. 

 

Koller (2005: 3) states that risk analysis techniques have another advantage if the risk 

assessment step is done in a group setting wherein the project team reviews the entire 

estimate from a risk perspective. This is often the only review of the estimate, and the 

outcome of the review is almost always an improved base estimate, as well as a 

probabilistic contingency value. 

 

Kubitscheck (2000: 40) proved that a disadvantage of risk analysis techniques as 

typically applied can be that the estimate items for which probable outcome 

distributions are being assigned are not, in themselves, risk drivers. The distributions 

assigned, therefore, tend to be somewhat meaningless. For example, the typical cost 

model is a spread sheet tabulation of estimate elements such as piping and electrical 

line items. Lapinski, Horman and Riley (2006: 1086) mention that the estimator is 

expected to assign a probability distribution to “piping”. However, if the major risk 

driver is the level of project definition, few estimators will have a really good idea of 

how project definition will affect any particular line item (Kraus, 2008: 3).  
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Risk analysis also requires more time and resources to implement when compared to 

predetermined percentages or expert’s judgment (Lavingia, 2004: PM.09.1). The 

Monte Carlo technique is also deceptively complex (Lin & Shen, 2007: 6). For 

example, it requires that dependencies be established between elements of the cost 

model. The complexity also allows outcomes to be easily manipulated, thus the results 

are often inconsistent. The time and complexity of risk analysis techniques often mean 

that they are reserved primarily for larger projects or projects of increased business 

importance (Garlick, 2007: 3). 

 

8.3 Significance of work breakdown structure in contingency modelling 

 

Zhao (2006: RISK.05.2) suggests an improved contingency management tool by 

breaking the contingency allowance down into the work breakdown structure (WBS) of 

the project. In the qualitative risk assessment process, the risk breakdown structure 

(RBS) offers “a source orientated grouping of project risks that organises and defines 

the total risk exposure of the project” in a hierarchical structure. 

 

Each WBS account bears different types and degrees of risks, therefore the variability 

of uncertainty can be a wide swing between accounts (Verveniotis, 2008: PM.02.2). An 

unbalanced WBS could skew the simulation results because the variations of risks 

could be generalised instead of specific. Zhao (2006: RISK.05.3) states that the main 

advantages of WBS usage to help break down the estimate are the following: 

 

• Future changes can be attributed to the associated WBS accounts. 

• Human errors can be traceable back to appropriate WBS home domains. 

• Responsible individuals can be accountable for respective WBS 

contingency. 

• Potential savings can be recognisable in corresponding risk-free WBS. 

 

The whole process of modelling risks goes to the heart of cost management (Singh, 

Oh, Labi & Sinha, 2007: 220); Cullen, 2004: CSC.01.1). Appropriate allocation of the 

contingency funds to risk-affected WBS accounts also increases the project manager’s 

accountability following the risk allocation principle (Groth & Kinney, 1994: 55). 

Furthermore, the contingency, derived from the simulation process, must be properly 

scaled and dispersed into WBS accounts following the approved project execution 

schedule. Hamilton (2004: CSC.12.3) points out that this dispensation of contingency 
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funds over time is referred to as a contingency drawdown management plan. All 

contingency budgets should be tied to specific risks (Guizhi, 2004: 3). The advantage 

of locking contingency into WBS based risk accounts not only provides project 

managers with certain flexibilities in managing their cost forecasts, but also prevents 

borrowing contingency money from other accounts or advancing from future timeline 

(Zhao, 2006: RISK.05.5). 

 

8.4 Contingency misuse 

 

According to Noor and Tichacek (2004. RISK.04.1), estimates are conducted with 

certain assumptions in mind - resources will be available, vendors will co-operate, 

there will be no strikes and inclement weather, etc. These assumptions can all lead to 

risks. The allowance for such risk is being dealt with by means of a compensation for 

these risks (Lenard, 2004: 2). This funding is referred to as “contingency”. Portions of 

the overall contingency are assigned against specific project activities or work 

packages.  

 

Allowances for specific items or “known committed costs” differ from contingency in the 

sense that they are not risk based or dependent. Allowances are derived from 

elements that are expected to occur, and are within the scope of the project. Should 

the contingency not be utilised for the assigned activities it can lead to the misuse of 

the contingency allowance that might result in cost overruns on the project. 

 

8.5 Contingency management 

 

Construction project performance is frequently measured in cost, time, and value of 

the constructed facility (Ford, 2002: 30). A traditional approach to managing multiple 

objectives applies a zero-sum-gain perspective. The aggregate performance in the 

three dimensions (lower cost, shorter project duration, and better facilities) is assumed 

to be fixed. Trade-off decisions are used to achieve better performance in more 

important dimensions at the cost of poorer performance in more important dimensions 

(Oyegoke, 2004: 2). Accepting increased costs to reduce project durations by paying 

for overtime is perhaps the most common application of a zero-sum-gain approach to 

managing construction projects (Tichacek, 2005: CSC.11.2). This perspective forces 

managers to choose amongst lower cost projects, shorter project durations, or better 

facilities and contrasts with their desire to satisfy all three of these project objectives 

(Barraza & Bueno, 2007: 140). 
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Project budgets are one of the most important and widely used project management 

tools (Verster, 2004: 5). Project complexity and the inherent uncertainty of the financial 

performance of constructed facilities, development funding, and the control of costs 

and schedules make exact budget needs impossible to forecast accurately. These 

same characteristics also cause projects to deviate from plan (Barraza & Bueno, 2007: 

141). Therefore, contingency funds are included in development budgets to provide 

managers with the flexibility required to address uncertainties and deviations that 

threaten achieving objectives (Evensmo & Karlsen, 2006: EVM.06.1). Large 

contingency sizes, the challenges of managing contingency, and the central role of 

budget contingency in determining project success make contingency management an 

important project management issue (Ford, 2002: 30). 

 

Improving contingency management requires an understanding of how managers 

make budget contingency decisions and the impact of those decisions on performance 

(Kadir, Lee, Jaafar, Sapuan & Ali, 2006: 415). Several questions must be answered to 

model and understand contingency management. What cost, time and value 

objectives do managers seek to achieve with budget estimates? 

 

Few formal theories of project budgeting and cost control are available. Kohl and 

Wulke (2004: IT.03.1) state that cost estimating tools facilitate developing budgets but 

do not address the management of budgets for contingency during projects. Most of 

the accounting systems record and report historical costs but do not facilitate 

management by forecasting monetary requirements or directly influencing future 

performance (Barraza & Bueno, 2007: 141). 

 

The primary role of contingency is to counterbalance the risk of spending beyond the 

project’s monetary resources due to deviations from project plans. Ford (2002: 32) 

identifies four contingency management objectives: 

 

• Resolve emergencies: Protect against spending more than the budget by 

providing funds for future required unforeseen expenses. 

• Control the schedule: Assure completion by the project deadline by 

accelerating progress. 

• Improve the facility: Add value to the constructed facility, typically by design 

and scope changes or by adding to marketing or leasing programmes 

beyond minimum project requirements. 
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• Return excess contingency: Return contingency that remains after project is 

completed. 

 

The first two objectives identify many of the risks identified in the literature that 

contingency are used to manage. Objective three directly impacts on the constructed 

facility and reflects the traditional project management performance measures of cost 

to deliver the facility (Mattheys, 2004: 5). In contrast, the fourth objective of 

contingency management is related to managerial performance but not directly to 

project performance.  

 

Ford (2002: 32) mentions that exhausting contingency funds before the project is 

complete is considered a serious and grave condition. The speed at which managers 

are willing to reallocate funds to lower priority uses, and thereby increase the risk of 

exhausting contingency funds, distinguishes contingency management strategies 

(Atkin, Akintoye & Skitmore, 1993: 13). Consistent with the priority of the accounts, 

management efforts early in the project focus on reducing uncertainty by discovering 

the unexpected problems on the project and protecting their ability to meet project 

objectives by preserving contingency funds (Berends & Dhillon, 2004: 329). 

 

Managers respond to decreasing uncertainty as projects progress by decreasing the 

funds considered necessary to address future emergencies (Kharbanda, Stallworthy & 

Williams, 1987: 87). As uncertainty decreases and deadlines approach, a majority of 

managers shift from primarily protecting contingency for later use to a willingness to 

use contingency to assure the timely completion of the project (Burroughs & Juntima, 

2004: EST.03.1). Therefore, funds held to address emergencies decrease but total 

contingency spending increases as projects approach their deadlines. This increases 

the risk of exhausting contingency fund, because the contingency fund remaining is 

shrinking while the rate of contingency use is increasing. 

 

Contingency management strategies are either aggressive or passive (Retief & Ker-

Fox, 2004: 1). An aggressive strategy re-allocates funds quickly, uses contingency 

funds to correct schedules before many emergencies have been discovered and 

resolved, and applies funds early to improve the facility. In contrast, passive strategy 

re-allocates slower, postpones using contingency funds until it must be used to meet 

critical objectives, and uses little funds for improvement until emergency and schedule 

objectives are met. 
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Rowe (2005: CSC.14.1) demonstrates in Figure 6.18 the downward sloping channel 

that represents total project contingency over the construction period of the project. 

Typically, the baseline project budget is set at some point in the project life cycle 

(Alexopoulos, Mourtzis, Papakostas & Chryssolouris, 2007: 1688) and project 

managers must live within that contingency budget. Ideally, the baseline budget should 

not be set until the project manager has a good handle on the remaining project risk 

and can determine a sufficient value of contingency to include in the budget to cover 

that risk (Fang et al., 2004: 855). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

During the construction phase, the estimate at completion of the contract packages 

changes more quickly than at any other phase of the project (Nutakor, 2007: 13). 

Potential contingency shortfalls need to be addressed to either re-deploy contingency, 

or to re-build the contingency allowance. By the start of the construction phase, final 

design should be complete and most, if not all, risk associated with each contract 

should result from change order growth occurring after contract award (Hanna, Camlic, 

Peterson & Nordheim, 2002: 59; Molly, 2007: 12). Since the estimate for a construction 

project is only intended to predict the bid price of the contract (Burrows, Pegg & Martin, 

2005: PS.14.3), contingency fund must be included in the contract budget to account 

for change order growth. 
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Figure 6.18: Project contingency should decrease over the construction period 

Source: Rowe, 2005: CSC.14.2 
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Guidelines should be established to govern the amount of change order contingency to 

be assigned to each contract (Clare, 2008: EST.02.2). A survey of past experience 

with change order growth on completed contracts can provide a good basis for setting 

these guidelines. Doyle, Molnar and Brown (2008: OWN.02.2) state that typically, 

since different types of contracts contain different levels of change order risk, initial 

contingency guidelines should take the contract type into account. Table 6.6 shows an 

example set of guidelines by contract type. 

 

 

 

Contract type 

Initial change order 

contingency (as a % of 

contract cost) 

Procurement only 5% 

Typical construction 10% 

Special construction:  

Tunnels 15% 

Very small contracts 20% 

 

Table 6.6: Guidelines for initial contingency assignment – example 

Source: Rowe, 2005: CSC.14.2 

 

Once construction contracts have been awarded, accurate forecasts are needed to 

track contingency consumption. The forecast should include the original contract price, 

the approved change orders, pending change orders, and all other identified cost 

issues. The cost of quality can be noted here (Abdul-Rahman, 1997: 465; Abdul-

Rahman, Kwan & Woods, 1999: 594) as well as the indirect effect of construction 

delays (Abdul-Rahman, Berawi, Berawi, Mohamed and Yahya, 2006: 128; Aibino and 

Odeyinke, 2006: 667). A well-maintained forecast will change from day to day as 

issues are identified, negotiations are completed, and costs are agreed upon. It will, 

however, be impossible to accurately forecast the end-of-job cost just by allowing the 

known changes (Cheung, Yiu & Yeung, 2006: 807; El-Adaway & Ezeldin, 2007: 365). 

There will always be a certain amount of unknowns/risk items that will have to be 

catered for in the contingency allowance. The tracking of the contingency fund is 

another managerial function. 

 

For simplicity, one could assign retained contingency funds based on the assumption 

that risk drops linearly as a contract is completed and is inversely related to the 

percent complete. As an example, at 80% complete, 20% of initial contingency fund 
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would be retained to account for changes that have not yet been identified. For each 

monthly forecast (F) reading, the Value of Changes Forecast (∆t) at the time was 

calculated by subtracting the Original Contract Amount (C0) (Rowe, 2005: CSC.14.2). 

 

∆t = F - C0  

 

Once each contract is complete, the Final Contract Amount (CF) is known and the 

Final Value of Changes (∆F) can be calculated as follows: 

 

∆F = CF - C0 

 

Rowe (2005: CSC.14.4) indicates that should a graph be drawn based on the actual 

data of historical projects, it will not follow a straight line, but will curve and taper off 

towards the end. Typical historical data for such a graph can be seen in Table 6.7. 

 

Ripley (2004: CSC.08.1) notes the difference between “estimating contingency fund” 

and “management reserve”. The term “contingency” has been previously defined in 

this chapter and can be utilised for the following: 

 

• Quantitative growth over and above the base quantities including the 

allowances in the Bills of Quantities (Diano & Cao, 2004: 2). These are 

associated with design development. 

• Material costs – these are associated with quantitative growth, commodity 

pricing, shop loadings, equipment pricing, and other factors that impact  on 

material cost (Menches & Hanna, 2006: 1286). 

• Mechanical equipment and costs – these would be impacted by the timings 

of freezing the equipment list (Hanna, Camlic, Peterson & Lee, 2004: 765). 

• Craft labour costs – these are associated with craft labour performance, 

quantitative growth, labour environments, craft availability, and other 

elements (Squires, Reid & Jeon, 2008: 85). 

• Other factors that might be considered include items such as indirect field 

costs, home office labour, errors and omissions, schedule slippage, etc. 

(Simon & Sohal, 1995: 14 – 16). 

 

Contingency management is an ongoing process, and a contingency management 

plan should be implemented early on (Barraza & Bueno, 2007: 143). This plan should 
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address how often the contingency fund will be re-evaluated, how the contingency 

fund draw downs will be handled in the intervening period, techniques to be utilised, 

and other issues. A periodical re-evaluation of the contingency fund should be the key 

feature of the process. 

 

 

 

 

 

 

 

 

Table 6.7: Value of the ratio between Value of Changes Forecast and Final Value 

of Changes 

Source: Rowe, 2005: CSC.14.4 

 

Ripley (2004: CSC.08.3) recommends that the contingency fund be distributed across 

the contingent accounts in line with the risk assessment used to set the level of 

contingency fund. He also refers to the use of a draw down curve that relates 

contingency to the amount of activity completed. A similar approach using milestones 

could be used for the management of allowances. 

 

The management reserve can be described as an amount added to an estimate to 

allow for discretionary management purposes outside of the defined scope of the 

project as otherwise estimated, in other words, for additional scope over and above the 

estimated scope. The management reserve is not expected to be spent unless 

management so directs, and is generally not included in all estimates (Ford, 2002: 38). 

 

 

 

Percent complete (P) 

 

Percent of final changes included in 

contract forecast 

10% 8% 

20% 36% 

30% 52% 

40% 63% 

50% 72% 

60% 80% 

70% 86% 

80% 91% 

90% 96% 

100% 100% 
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9.0 SUMMARY 

 

Quantifying the risks associated with an estimate or cost forecast is one of the tasks 

which carries the most uncertainty and which can result in a substantial portion of the 

total construction cost. Mitigating this risk is a task that will necessitate a sound 

knowledge of risk analysis and risk management. Risk should be identified early in the 

project to cater for uncertainty, probability and consequences; allowing sufficient fund 

allocations on each specific risk.  

 

The quantification of risk is done through risk analysis. Estimates are developed 

throughout the stages of the project. There are normally not a lot of project information 

available during the early stages of a project.. With incomplete information comes risk 

and it is this risk that is being addressed in the contingency fund. 

 

Contingency funds are included in development budgets to provide managers with the 

flexibility required to address uncertainties and deviations that threaten achieving 

objectives. The amount of contingency that should be allowed is dependent on the 

level of scope definition, etc. Contingency management requires an understanding of 

how managers make budget contingency decisions and the impact of those decisions 

on performance. A popular method to perform contingency analysis is by means of a 

Monte Carlo analysis. 

 

Monte Carlo analysis is normally used to allow for combinations of distributions. This 

technique is generally used to solve problems for which the definition of specific 

solution equations to calculate a specific answer is either too complex or too 

cumbersome to be practical. The use of Monte Carlo analysis can also be applied to 

escalation analysis. 

 

Escalation comes from the interplay of changes, real or anticipated, in input costs, 

perceptions of risk, and perceptions of the competition. More often than not, it comes 

from the formation of market opinions, which may or may not have a basis of fact.  

Ultimately, the ability for contractors to raise prices depends entirely on the market 

conditions and the expectation that all bidders are increasing their prices. Increased 

input pricing and increased risk can influence that expectation, but cannot on its own 

increase prices.  
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As mentioned, price escalation and the contingency fund can amount to a substantial 

portion of the total cost of the project. The importance of the financial forecast lies in 

the fact that should fairly accurate data be available at the beginning of the project, 

management will be able to steer clear of possible pitfalls in unprofitable projects and 

improve their financial planning. A forecast is only correct if the base assumptions 

continue to exist in the future, however, most people treat the forecasts as nearly 

factual without updating the basis.  

 

The following chapter deals with the development of a cost forecasting model. The 

combination of cost estimating and financial forecasting assists management in 

making purposeful decisions, and to consider important financial management 

decisions. 
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CHAPTER 7 

 

LITERATURE REVIEW ON FINANCIAL FORECASTING MODELS 

 

1.0 INTRODUCTION 

 

Modern construction budgets are getting tighter, and owners and clients are 

demanding and expecting more from the contractor (Bredehoeft, 2004: EST.06.1). The 

importance of financial planning and forecasting cannot be overstressed. Several 

examples of international projects that cannot be considered financial successes are 

available. Broad (1990: The New York Times – June, 10), for instance, commented on 

the United States of America’s Freedom Space Station. The initial budget for this 

project was $8 billion. The estimated final cost in 1990 was $120 billion and counting. 

 

The management of a corporation needs to make financial decisions based on the 

forecasted profit that the business will accumulate on the projects it is currently busy 

with (Brooks & Coleman, 2003: 32). These decisions are deciding to the business’ 

future and cannot be stalled until the project is completed. Most engineering projects 

run over a couple of years, so methods should be derived to properly report all costs on 

the project as well as to forecast possible future costs on the project (Carson, 2007: 

PS.02.1). 

 

Chan, Scott and Chan (2004: 153) mention that there will most likely be time 

constraints in obtaining an estimate for scope changes. In most cases (especially in a 

design-and-construct environment) several designs will have to be tested and cost to 

obtain an optimum design (Cheng & Li, 2006: 831). This, together with constant 

additions and omissions to the current scope will make it almost impossible for the 

estimator to price, if he does not have a special set of skills and tools. These tools 

come in the form of Ratio Conceptual Estimating (RCE) which can be employed quickly 

and effectively (Chung & Skibniewski, 2007: IT.S07.1). 

 

It is therefore important to understand the importance of the time and the influence it 

will have on costs should the project be delayed. Time also plays an important role in 

setting the financial forecast in the sense that the earlier the project team is made 

aware of substantial financial increases or decreases in the estimate final cost, the 

better this situation can be managed (Love et al., 2005: 187). 
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Project planning is therefore crucial in the success of the project. Several project 

scheduling techniques have been developed over the years (Verveniotis, 2008: 

PM.02.2). The project plan is developed in accordance with the phases of a project and 

in similar manner as project costs. These schedules should tie into the budgets and 

should be constantly updated through the life of the project to be able to apply proper 

cost control (Hyari & El-Rayes, 2006: 11). 

 

As part of the cost control that will be necessary to manage the project at a financial 

level, it will also be necessary to create and update a cash flow model for each project 

(Louw, 2002: 218). Park et al., (2005: 172) states that a good cash flow technique 

needs to include both a historical trend-based data method and competent judgments 

based on construction experience. The availability to have access to cash is 

considered by some a luxury and should be obtained as far as possible (Odeyinka et 

al., 2008: 6). 

 

Probably the most important aspect of cash flow analysis is the ability to forecast the 

projected final cost of a project to enable the project team to resource the project 

accordingly. The forecast of the estimated final cost begins during the pre-tender 

period (Skitmore & Drew, 2003: 36). The pre-tender forecast is updated during the 

construction phase of the project as new and improved scope detail surfaces.  

 

A valuable tool when conducting financial forecasts is Ratio Conceptual Estimating 

(RCE). The basic methodology of this form of estimating has been discussed earlier in 

this study. By applying the historical database (Addendum D) one can perform quick 

and fairly accurate estimates of additions and omissions to the scope of work. 

 

2.0 FINANCIAL FORECASTING 

 

2.1 The value of time 

Time is part of the measuring system used to sequence events, to compare the 

durations of events and the intervals between them, and to quantify the motions of 

objects (Duff, Okun & Veneziano, March 2002). Time has been a major subject of 

religion, philosophy and science, but defining it in a non-controversial manner 

applicable to all fields of study has consistently eluded the greatest scholars. 
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In physics as well as in other sciences, time is considered one of the few fundamental 

quantities. Time is used to define other quantities – such as velocity – so defining time 

in terms of such quantities would result in circularity of definition (Heathcote, 2004: 4). 

An operational definition of time, wherein one says that observing a certain number of 

repetitions of one or another standard cyclical event (such as the passage of a free-

swinging pendulum) constitutes one standard unit such as the second, is highly useful 

in the conduct of both advanced experiments and everyday affairs of life (Lim, Huang, 

Puncher & Chen, 2007: 1832). The operational definition leaves aside the question 

whether there is something called time, apart from the counting activity just mentioned, 

that flows and that can be measured. Investigations of a single continuum called space 

time bring questions about space into questions about time, questions that have their 

roots in the works of early students of natural philosophy (Liverpool & Bryant, 2004: 

CDR.09.1). Time is (as in so many other cases) just as important in construction. 

Tompkins (1985: 54) puts the effect of time in construction in the right perspective 

when he states that “…few actually realize and utilize the true meaning of time”. 

Chassiakos and Sakellaropoulos (2005: 1115) point out that construction projects 

typically require time and effort to complete, several resources to be used, and a large 

amount of capital investment to spend. A particular objective for every project team will 

be to optimize the project duration. Gardiner and Stewart (2000: 251) indicate that 

projects are seldom completed in time and on budget. They mention values of “typically 

between 40% and 200%” of construction projects. Delays can have serious financial 

implications and can attract possible penalties, price increases, etc. which the 

contractor did not allow for initially. Figure 7.1 illustrates a typical project time 

management overview. Sappe (2007: 21) provides an example of the positive effects of 

an early finish on a construction project in the savings that were shown when the 

Hartsfield-Jackson Atlanta International Airport was delivered 11 days early and under 

budget by $102 million. The airport handled 976,000 flights and 88 million passengers 

in 2006 alone. It is easy to see the effects that even a one day early operational start 

will have on the income of such a facility.  

Jiao and Tseng (1999: 739) comment on how improved time management can result in 

lowering product costs. Jenkins, Babuk and Mohitpour (2005: PM.13.1) express similar 

views. Zayed (2005: 667) and Zayed and Halpin (2005: 779) point out how increased 

productivity can enhance product value. The influences of productivity on construction 

cost have been discussed earlier in this study 
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PROJECT TIME MANAGEMENT 

 
 
1.  Inputs 

- Work breakdown 
structure (WBS) 
- Scope statement 
- Historical 
information 
- Constraints 
- Assumptions 

2.  Tools and 
Techniques 
     - Decomposition 
     - Templates 
3.  Outputs 
     - Activity list 
     - Supporting detail 
     - WBS update 

Activity Definition  
 
1.  Inputs 

- Activity list 
- Product description 
- Mandatory 

dependencies 
- Discretionary 

dependencies 
- External dependencies 
- Constraints 
- Assumptions 

2.  Tools and Techniques 
     - Precedence 

diagramming method 
(PDM)  

     -  Arrow diagram method 
(ADM) 

 - Conditional 
diagramming methods 

3.  Outputs 
     - Project network 

diagram 
     -  Activity list updates 

 
 
 
 
1.  Inputs 

- Activity list 
- Constraints 
- Assumptions 
- Resource requirements 
- Resource capabilities 
- Historical information 

2.  Tools and Techniques 
     - Expert judgment 
     - Analogous estimating 

 - Simulation 
3.  Outputs 
     - Activity duration 

estimates 
- Basis of estimates 
- Activity list updates 
 

Activity Sequencing Activity Duration 
Estimation 

 
 
 
1.  Inputs 

- Project network 
diagram 
- Activity duration 
estimates 
- Resource 
requirements 
- Resource pool 
description 
- Calendars 
- Assumptions 
- Leads and lags 

2.  Tools and 
Techniques 

  - Mathematical 
analysis 

- Duration compression 
- Simulation 
- Resource leveling 

heuristics 
- Project management 

software 
3.  Outputs 
     - Project schedule 

- Supporting data 
- Schedule 

management plan 
- Resource 
requirements 

 

 
 
1.  Inputs 

- Project schedule 
- Performance reports 
- Change requests 
- Schedule 

management plan 
2.  Tools and 
Techniques 
     - Schedule change 

control system 
 - Performance 

measurement 
 - Additional planning  
 - Project management 

software 
3.  Outputs 
     - Schedule updates 
     - Corrective action 

 - Lessons learned 

Schedule 
Development 

Schedule Control 

Figure 7.1: Project time management overview 

Source: PMI , 1996: 60 
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Kim and De la Garza (2003: 510) state that the impact of time on construction cost 

necessitate good time management on the project and all necessary steps should be in 

place to capture any costs pertaining to extension of time (construction program) and 

acceleration. Farrow (2004: 1) and Farrow (2007: 218) demonstrate the importance of 

dealing with the cost implications for extension of time, and Singh (2003: 312) refers to 

the effect of acceleration due to efficiency losses either due to non-productivity or 

under-manning. 

 

2.2 Time-cost optimization 

 

Love et al., (2005: 187) point out that cost has proven to be the most significant 

predictor of construction time. They recommend a simple equation which can be used 

to determine construction time. The equation proposed can be described as follows: 

 

T = KCb 

 

Where: 

 

T = duration of construction period from date of site possession to practical 

completion in working days 

K = a constant describing the general level of time performance for a $1 million 

project 

C = final cost of structure in millions of dollars adjusted to constant labour and 

material prices 

b = a constant describing how the time performance is effected by project size as 

measure by cost 

 

Horman and Kenley (2005: 52) describe the effect of wasted time in construction and 

Mazouk and Moselhi (2004: 878) comment on the effect of travel time for material and 

labour in construction. These are just some examples of what influence time has on 

construction cost. 

 

With the rapid proliferation of the use of alternative project delivery systems, 

construction stakeholders are no longer focusing merely on minimizing cost alone, 

since time could also be a crucial variable in the bid evaluation and construction 

processes (Zheng et al., 2005: 81). Compression in project duration would inevitably 

result in direct cost escalation, as extra labour and plant resources would be required 
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to expedite the works (Mitchell & Klastorin, 2007: 960). Time-cost optimization is a 

process to identify suitable construction activities for speeding up, and for deciding “by 

how much” so as to attain the best possible savings in both time and cost. 

 

Hastak, Gokhale, Goyami, Hong and Safi (2007: 435) point out that since there is a 

hidden trade-off relationship between project time and cost, it might be difficult to 

predict whether the total cost (i.e. the direct and indirect costs) would increase or 

decrease as a result of the schedule compression. In reality, although the direct cost 

would increase as the project duration reduces, the indirect (overhead) cost, being a 

fixed daily cost, could fall. Zheng et al,, (2005: 81) hereby imply that there is a 

possibility that the lowest cost and the shortest time can be located synchronically. 

 

2.3 Schedule forecasting and earned schedule analysis 

 

Tompkins (1985: 54) refers to the generalized usage of the phrase “time is money”, 

which is very relevant in construction. Since the cost of project time in the later phase 

of a project (e.g. the construction phase) is far greater than during the initial 

construction phase (e.g. the design phase), it is important to project cost success to 

have thorough planning at the beginning (Checkley, 1994: 21). He indicates that some 

project analysts have estimated the completion/start project time-cost ratio to be as 

much as 300 to 1. This ratio indicates that the time spent at the end of a project is 

approximately 300 times more expensive than time spent at the beginning of a project. 

 

Changes later on during the project’s life, impacts a greater number of personnel and 

also a greater number of hardware characteristics that may have already been 

designed, manufactured and/or fabricated (Kaka, Lewis & Petros, 2003: 16). The cost 

of design change has been discussed previously in this study. Tompkins (1985: 55) 

indicates that an equitable balance in initial planning and a healthy initial project inertia 

resulting from a quick start will achieve optimum project cost results. Figure 7.2 

illustrates the process flow of a project and indicates how activities overlap to optimize 

project schedule. 
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Several project programming and scheduling techniques have been developed. Some 

are simple, such as the bar chart, and have been in use for the last century 

(Verveniotis, 2008: PM.02.2). While the more sophisticated methods were developed in 

the 1950s in America as a result of the advent of larger, more sophisticated industrial 

projects and the acceptance of computers. Consequently, present day management 

has several planning and scheduling techniques from which to choose (Winter & 

Calvey, 2008: PS.03.2). This, in itself, is a problem in that each technique has an 

optimum and it is possible to waste much of the project’s budget in selecting and 

applying an inappropriate technique. Table 7.1 compares these techniques in the 

sequence they evolved. 

 

Suggested plan / 

schedule 

technique 

Primary 

characteristics 

Advantages / 

disadvantages 

Example 

optimum 

application 

Bar chart Use of graphically 

illustrated bars to 

control task time 

- Project planning 

and scheduling 

and progress are 

graphically shown 

together making a 

Repetitive type 

projects with 

low engineering 

contents or 

smaller one-of-

L
e

v
e

l 
o

f 
A

c
ti
v
it
y
 

Phase start Time  Phase finish 

Figure 7.2: Overlap of activities in a project 

Source: PMI, 1996: 29 

 

Initiating 
process 

Planning 
process 

Executing 
process 

Closing 
process 
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Suggested plan / 

schedule 

technique 

Primary 

characteristics 

Advantages / 

disadvantages 

Example 

optimum 

application 

clear, simple 

account of the 

project. 

- Cannot show 

sufficient detail on 

long duration tasks 

to avoid schedule 

slippage 

- Task dependency 

relationships 

cannot be clearly 

shown 

- Manually updated 

a -kind projects 

Arrow diagram 

(activity-on-arrow) 

Use of arrows to 

represent project 

tasks (activities) 

arranged so as to 

show task inter-

dependency 

- Project planning 

may be separate 

from scheduling 

unless the network 

is illustrated on a 

time scale 

- Greater project 

task detail 

available than bar 

chart 

- Clearly shows task 

interdependency 

- Changes in the 

duration of one 

task may require 

movement of 

following tasks on 

a time scale, 

thereby causing 

significant 

Production 

planning or 

other 

applications 

where clarity of 

conflicting 

requirements is 

of primary 

importance; or 

projects of an 

intermediate 

size 
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Suggested plan / 

schedule 

technique 

Primary 

characteristics 

Advantages / 

disadvantages 

Example 

optimum 

application 

redrawing time 

- Simpler than the 

precedence 

diagram 

Node diagram 

(activity-on-node) 

Use of nodes to 

represent project 

tasks 

interconnected by 

arrows; reverse of 

the arrow 

diagram 

- Eliminate the need 

for dummy arrows 

in the arrow 

diagram to connect 

false 

dependencies 

- More efficient and 

compact than the 

arrow diagram and 

easier to learn 

- More involved 

computational 

procedure than 

arrow diagram 

Production 

planning or 

other 

applications 

where clarity of 

conflicting 

requirements is 

of primary 

importance; 

considered 

secondary in 

preference  to 

the arrow 

diagram except 

when used on 

construction 

type projects 

where many 

activities are 

concurrent 

Preceding diagram 

(Extension of 

Activity-on-node or 

Node Diagram) 

Extension of the 

node diagram; 

Addition of 

elements such as 

lead / lag times 

- Same as node 

diagram 

- Modifications 

provide greater 

flexibility and use 

than the node 

diagram 

Production 

planning or 

other 

applications 

where clarity of 

conflicting 

requirements is 

of primary 

importance; 
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Suggested plan / 

schedule 

technique 

Primary 

characteristics 

Advantages / 

disadvantages 

Example 

optimum 

application 

considered 

secondary in 

preference to 

the arrow 

diagram 

Project evaluation 

and review 

technique (PERT) 

Description of 

project event 

sequence and 

interdependency 

allowing 

determination of 

probability of 

meeting schedule 

- Requires 

establishing 

project objectives 

and a method for 

determining how to 

achieve these 

reducing the risk of 

oversights 

- Provides clear 

documentation for 

communicating 

project plans and 

progress 

- Establishes interim 

objectives 

- Emphasizes the 

concept of 

management by 

exception 

- Allows 

determination of 

numerical 

probabilities 

associated with 

variances in 

project completion 

times 

Applied 

research and 

development 

projects or 

other projects 

compromised 

primarily of 

activities whose 

duration times 

are subject to 

considerable 

variation 

Critical path Description of - Similar to those Design and 
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Suggested plan / 

schedule 

technique 

Primary 

characteristics 

Advantages / 

disadvantages 

Example 

optimum 

application 

method (CPM) project event 

sequence and 

interdependency 

allowing 

determination of 

project time-cost 

tradeoff’s 

listed for PERT 

since both are 

considered critical 

path techniques 

- Allows 

determination of 

project task 

completion times 

which minimize 

total project cost 

construction 

projects and 

maintenance 

programs 

Graphical 

evaluation and 

review techniques 

(GERT) 

A generalized 

arrow diagram 

incorporates 

techniques for 

network 

branching and 

looping 

- Same as arrow 

diagram 

- Allows the 

evaluation of 

alternatives 

Projects such 

as research 

which involves 

testing and 

recycling if 

testing results 

in failure; 

maybe used for 

project startup 

where rework 

may be 

necessary 

 

Table 7.1: Comparison of scheduling techniques in sequence of evolvement 

Source: Tompkins, 1985: 56 

 

The project plan and schedule are developed in accordance with the phases of a 

project and in a similar manner as project costs. Initial project planning and estimating 

may be as coarse or as detailed as time permits during proposal development in 

accordance with the level of risk acceptable to management (Van der Horst, nd: 41). 

Project schedules and budgets developed later in the project must be detailed and 

thorough in order to succeed in project cost control (Stoy, Dreier & Schakher, 2007: 

55). Figure 7.3 illustrates the logical evolution of project schedules and costs. 
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3.0 HUMAN FACTORS IN FINANCIAL FORECASTING 

 

Forecaster experience has long been believed to have a significant effect on the 

accuracy of construction contract price forecasts, and, therefore, on the development of 

the expertise that underlies professional judgment (Lowe & Skitmore, 2001: 485). Lowe 

and Skitmore (2001: 485) found that experience and expertise in price forecasting were 

perceived to be related to: 

 

• The ability to select relevant price/cost data 

• The ability to establish price/cost relationships and design parameters 

• Intuitive abilities necessary for adjusting rates acquired through familiarity 

with projects 

 

There exist a clear link between forecasting accuracy and the number of previous 

similar forecasts made by the forecaster (Burlton, 2001: 213). There is a relationship 

between several attitudinal variables and measures of forecasting bias, consistency 

and accuracy when performing forecasts. 

 
Project phases Schedule development Cost development 

Figure 7.3: Project plan/schedule and estimate/budget development 

Source: Tompkins, 1985: 59 

Sale (including 
proposal 
preparation) 

Project 
management 
(including 
Engineering 
Procurement 
and 
Construction) 

Proposal schedule 
(major milestone 
primarily) 

Initial master 
schedule 
(completely 
detailed by activity) 

Current master 
schedule (includes 
approved 
customer orders) 

Project estimate 
(major items and 
category costs 
primarily) two types: 
Order of Magnitude 
estimate, or 
preliminary estimate 

Initial control 
budget (completely 
detailed by line 
item) 

Current control 
budget (Includes 
approved 
customer change 
orders) 
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Lowe and Skitmore (2001: 485) mention that when considering the possibilities for 

developing an expert system for price forecasting, there should be a clear link between 

forecaster experience, professional expertise and professional judgment. They also 

state that the “expert” is to use imagination, knowledge and experience to “fill in the 

gaps” within incomplete project information. Love, Ghoneim and Irani (2004: 312) 

indicate that in modern construction the availability of detailed project information 

(especially during the early stages of a project) is fast becoming a luxury. This puts 

increasing strain on the forecaster to rely more and more on his experience rather than 

project information to produce a reliable cost forecast (Rad, 2008: TCM.S01.2). 

 

4.0 CASH FLOW FORECAST 

 

Louw (2002: 218) states that the only way to properly perform cost control on a project 

is by means of a cash flow forecast. This is done as early as the first cost estimate and 

it is a natural action following cost estimating and project planning. The cash flow 

forecast will assist management to make important financial decisions should there be 

an indication of limitations to the periodic cash flow available (Le Roux & Cloete, 2007: 

1; Checkley, 1994: 22). It may be necessary to revise the time schedule as a 

consequence of this or to increase the amount of period funding available. Chen (2007: 

PM.02.1) indicates that cash flow is where project costs meets the schedule. Cash flow 

models should be updated as soon as new/improved information becomes available. 

 

As previously mentioned in this study, cost control should start as early in the project 

as possible. Louw (2002: 218) makes an important statement when he state that one is 

only able to control funds that have not yet been committed, thus it is clear that cost 

control should start during the conceptual design. This is because many of the costliest 

components of most projects are decided upon during the earliest stages of design 

(Brigham, Gapenski & Daves, 1999: 243).  

 

The basis of the cost estimate should be critically examined by the project team for 

overdesign, excessive scope, duplications and omissions, and over- or under-

estimation of contingency. Brigham et al., (1999: 244) indicate that this process of 

checking by the project team is sometimes referred to as ”squad checking”, and at the 

same times serves to communicate the scope of work as well as the basic philosophy 

about the project to the team members. 
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4.1 Cash flow models 

 

Park et al., (2005: 172) state that essentially, a good forecasting technique needs to 

include both a historical trend-based data supported method and competent judgments 

based on construction experience. Park et al. (2005: 164) mention that cash is the 

most important resource in any construction business. More construction companies 

fail due to a lack of liquidity to support their daily activities than because of inadequate 

management of other resources (Chen et al., 2005: 669).  

 

Different opinions on cash flow forecasting exist. It is better to engage in financial 

forecasting, even in the early stages of the project. There are many factors that exist 

during construction that may affect the cash flow including time delays, cost overruns, 

unconfirmed earned values, change orders and changes of cost plan elements. 

Odeyinka et al., (2008: 6) point out that the key points of cash flow forecasts lie in how 

accurate, flexible and comprehensive they are to be calculated and how effectively they 

consider uncertain factors such as time delay, cost overrun, variation of cost, and 

earned value between plan and actual. Even when construction is in progress, cash 

flow forecasts cannot be determined precisely. As a result, most models and 

techniques are found to have the following problems: 

 

• they are not based on the construction stage, but rather on the planning or 

preliminary stages in the project delivery process; 

• they do not consider time lags for the costs and earned values in forecasting 

cash flow, and; 

• with regards to integration of cost items and activities, they are not 

compatible with each item and are rather complicated depending on when 

change factors occur in the subsequent construction stage. 

 

4.2 Typical cash flow of a general contractor 

 

Most construction projects are individual profit centres, each with its own cash cycle 

based on the costs of activities related to the project and on payments from a client, 

both of which are prescribed by a contract (Carlos & Formoso, 2006: 76). Typical cash 

flow on a construction project consists of: 
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• cash out - such as bid costs, preconstruction costs (engineering, design, 

mobilization, etc.), materials and supplies, equipment and equipment 

rentals, payments of subcontractors, labour and overhead, and; 

• cash in - such as billings (less retention), claims and change orders. 

 

Chen (2007: PM.02.1) illustrates in Figure 7.4 the difference between cumulative 

expenses and cumulative income. Chen describes the basic process of cash flow for a 

contractor in that the contractor takes time to put forward an invoice with the 

appropriate backup. The client will have to assess this invoice and certify payment. In 

the meantime, the contractor has to finance the project and interest is payable. This 

interest is normally recovered through overheads, fees or large upfront mobilisation 

charges. 

 

The factors that affect cash flows are the duration of the project, the retention 

conditions, the times for receiving payments from the client, credit arrangements with 

suppliers or vendors, equipment rentals, and times of payments to subcontractors. The 

increasing difficulty to obtain credit is stressed by Beech (2006: 18). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Park et al., (2005: 165) indicate that cash flow at project level consists of a complete 

history of all cash disbursements and all earnings received as a result of project 

execution. Many construction projects have a negative net cash flow until the very end 

 

Month 

Cumulative 
income 

Cumulative 
expenses 

Financing area – 
interest is charged 

Cost 
($) 

Figure 7.4: Contractor’s project cash flow 

Source: Chen, 2007: PM.02.1 
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of construction when the final payment is received or advanced payment is received 

before starting the project. This is a typical situation when the final payment consists of 

retention money and the retention percentage is greater than the profit percentage of 

the project. 

 

Probably the most important aspect of cash flow forecasting is to have the ability to 

determine or project the Estimated Final Cost (EFC) of the project. There are several 

variables affecting the EFC, such as time extension, etc. Chen (2007: PM.02.2) 

demonstrates how a typical man-loading on a petrochemical project will look. This 

situation is illustrated in Figure 7.5. The involvement of people on the project can 

clearly be seen in this graph. The trapezoidal approximation can be applied to most 

projects, except shutdown turnaround projects. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.0 DEVELOPMENT OF A PRICE FORECASTING MODEL 

 

Newnan et al., (2004: 39) point out that estimating or price forecasting is difficult 

because the future is unknown. It is sometimes impossible to forecast future economic 

trends and consequences of political actions or environmental occurrences. There also 

 

Total construction 

Total project duration 

Construction 

Engineering 

No of 
people 

Time 

Figure 7.5: Engineering and construction resource profile approximation 

Source: Chen, 2007: PM.02.2 
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exists a fine line between the trade-off between the costs of producing an estimate 

versus the accuracy of the estimate. Figure 7.6 illustrates this point. 

 

Estimated parameters can be one-of-a-kind or first-run projects. The first time 

something is done, it is difficult to estimate costs required to design, produce and 

maintain a product over its life cycle. Newnan et al., (2004: 40) refer to projected cost 

estimates that were developed for the first National Aeronautics and Space 

Administration (NASA) missions. Initially the US space program had no experience with 

human flight in outer space; thus the development of the cost estimates for design, 

production, launch, and recovery of the astronauts, flight hardware and payloads was a 

“first-time experience”. There are, however, few one-of-a-kind estimates to be made in 

engineering design and analysis. Nearly all new technologies, products and processes 

have been derived from similar concepts which led to their development.  

 

 

The ability to develop engineering estimates is constrained by time and personnel 

availability (Figure 7.6). To optimize the tendering procedure and maintain an 

acceptable strike rate when bidding on new work, the method of tendering or 

estimating should be such that all of the mentioned constraints are kept in mind. A 

similar chain of thought is applicable when dealing with projects that are currently being 

constructed should one need to determine the EFC of such a project. 

 

Newnan et al., (2004: 40) used the axiom “the past is our greatest teacher…” when 

referring to the estimator’s experience. This phrase is especially true when considering 
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Figure 7.6: Accuracy versus cost trade-off in estimating 

Source: Newnan et al., 2004: 39 
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ratio conceptual estimating which is based on historical data derived from completed 

projects. Throughout the financial forecasting process one would continually update the 

EFC to represent the latest available information. The use of the estimating principles, 

as set out in this study, must be employed here as well as when tendering on new 

work.  

 

5.1 Pre-tender construction price forecasting 

 

Skitmore and Drew (2003: 36) point out that pre-tender construction price forecasting 

refers to price estimating. Thus far, the bulk of this study has been dedicated to the 

principles of construction estimating (price forecasting) and the influences on estimate 

accuracy. The focus of this study is more towards conceptual price forecasting 

(estimating) and how this form of forecasting can be implemented, not only at inception 

of a project, but also during the course of the project’s life. 

 

Addendum E depicts a proposed format for a basic financial forecast on a specific 

contract within a project. This summary of costs on a dummy contract can be initiated 

even in the conceptual stages of the project. The estimated costs will then be listed and 

will be updated as the project evolves. The pre-tender construction price forecasting 

will therefore be represented by the estimating document. Firstly, the conceptual 

estimate and then at a later stage the detailed estimate will be used in this forecast. 

 

5.2 Construction price forecasting 

 

Construction price forecasting can commence as soon as the contract for the specific 

scope of work has been agreed on with the sub-contractor in question. This is normally 

when the contract with the sub-contractor has been signed. Price forecasting before 

this point in time would have been done, but it would be based on estimates. These 

estimated costs will be replaced during the construction period with actual contract 

amounts and other relevant increases. The following possible increases to the contract 

amount can occur: 

 

• Contractual scope of work – Referred to in Addendum E as “measured 

work” is the amount for which the contract is signed and for which the 

contractor has agreed to conduct the scope as set out in the works 

information of the contract. In the case of a re-measureable contract, the 
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value of this work can increase or decrease depending on the extent of the 

remeasure. The remeasure gets done as the contract progresses. 

• Extras – The example shown in Addendum E specifically refers to the New 

Engineering Contract (NEC) as this contract gets used more often in the 

engineering field. Terminology such as “Early Warnings” and 

“Compensation Events” is used in the NEC. These references are similar to 

the traditional variation orders. All these specific extras to the contract are 

listed and a cost is allocated against the item. All the costs add up and the 

total gets added to the overall total. 

• Known Committed Costs (KCC) – KCC allowances are made in cases 

where no specific instruction has been given, but there is a likelihood that an 

event which might result in additional (or less) cost, can occur. Estimates 

are made, listed and added to the total. 

• Contingency – Contingency analysis has been discussed in Chapter 6 of 

this study. The contingency will be added to the EFC to allow for unforeseen 

costs. This amount will be increased or decreased as the contract 

progresses, depending on the risk associated with the contract at a given 

point in time. 

• Payment assessments – Addendum E shows the chronological sequence of 

the payment assessments and also depicts the percentage change between 

progressive payments and the original contract value, as well as the 

extended contract value. 

• Contract status – Shows a summary of the aforementioned, briefly 

summarizing the EFC breakdown. 

 

Detail of all the events is logged and the status of each event is indicated. When using 

modern spreadsheet software, formulas can be inserted to group all events according 

to status (Butts, 2007b: IT.07.1). By doing this, the “approved” extras can be added to 

the original contract value to calculate the extended contract value. The “pending” 

extras and the KCC’s will be added together and be seen as future costs. 

 

By adding the data for the previous report, one could determine the movement for the 

current report. There will always be the possibility that certain work should be back 

charged to another party. The back charge might have resulted due to mistakes made 

by the contractor in question due to incompetence or misinterpretation of the scope of 

work. These back charges are also logged on the summary sheet (as indicated in 
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Addendum E). Back charges are then reimbursed by deducting money from the total 

EFC for the specific contract. 

 

6.0 RATIO CONCEPTUAL ESTIMATING IN FINANCIAL FORECASTING 

 

The importance of continuously updating the EFC on the project has already been 

discussed.  The emphasis of this study is to demonstrate the use of ratio conceptual 

cost estimating in the financial forecasting process. It is the very purpose of ratio 

conceptual cost estimating to provide early cost data, based on limited scope (Cheung 

& Skitmore, 2005: EST.14.1). 

 

The first estimated final cost of the project will therefore be based on a ratio conceptual 

estimate. Thereafter it will evolve into a more detailed estimate and finally into a full 

detailed estimate. The process of estimating has been described earlier in this study. 

 

Ratio conceptual estimating (RCE) also can be very useful during the course of a 

project to determine the EFC. There are several instances during the life of a project 

where certain scope has to be omitted or added, and in most cases the information 

available for this scope is limited.  Should RCE be employed in these cases, the project 

team will be able to have an early benchmark which will allow them to improve their 

financial planning. 

 

As previously stated in this study (Chapter 3), probably the most important aspect of 

cost estimating in any form is the scope definition of the work that needs to be 

estimated. To ensure that the correct scope is assessed in the RCE it is essential to 

make sure that all stakeholders are in agreement with the proposed scope of work.  

Addendum H illustrates a typical scope definition breakdown of a portion of a specific 

project. The basis of this breakdown is drawn from Addendum A and will be adjusted 

from project to project depending on the specific project requirements. Addendum I 

provides a simple estimate stakeholder scope agreement which needs to be signed off 

by all the relevant stakeholders to ensure that the complete scope as set out in 

Addendum H has been covered. 

 

Chapter 5 of this study described the data collection process in petrochemical 

construction projects. If there is a proper database of relevant data on which RCE 

calculations can be based upon, this method of estimating can be used with good 

results, whether complete comprehensive additions are added to the plant (such as a 
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new sub-station building), or only relative small changes such as an additional gas line. 

Addendum D can prove as an example of such a database. 

 

A petrochemical project is normally split into several major sections to divide the scope 

of work in manageable portions and to allow different contractors to tender on the work. 

A typical breakdown might look as follow: civil works, structural steelwork, mechanical 

and piping, electrical and instrumentation, and painting and insulation. Together with 

these smaller contracts there might also be things like MV switchgear, hazardous area 

classification, etc. as well as some professional services contracts.  

 

Addendum F illustrates the use of RCE at the inception stage of a project. In this 

particular case only the civil works are detailed. 

 

Even though the abovementioned breakdown of the RCE will serve as the basis for the 

EFC during the early stages of a project, it will be regularly updated as better 

information becomes available. During the course of the project, individual RCE’s are 

done to determine the cost of possible additions or omissions. Figure 7.7 indicates how 

a fairly accurate estimate can be done in a matter of minutes, based on ratios and 

historical project data. This specific estimate is for an additional steel support structure. 

 

RATIO CONCEPTUAL ESTIMATE – STRUCTURAL STEEL – REACTOR SUPPORT 

Project name: XYZ Refinery 

Location: Gauteng – South Africa 

Client: ABC Petroleum Date: 06-02-2010 

       

Project detail:      

      

 Structural steel volume 4500 M3 

       

 STRUCTURAL STEEL COST   11,764,939.13 

       

 STRUCTURAL STEEL - COMPLEX STRUCTURES 8,403,527.95  

    

 Preliminaries and General 40% 3,361,411.18  

       

 Description Unit Quantity Rate Cost Total 

A STRUCTURAL STEEL - COMPLEX 
STRUCTURES 

    8,403,527.95 

       

 Structural steel – supply T 133.02 32,608.70 4,337,609.27  

 Structural steel – erect T 133.02 12,391.30 1,648,290.73  

 Handrail – supply M 554.25 911.30 505,088.03  

 Handrail – erect M 554.25 772.03 427,897.63  
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 Grating – supply M2 532.08 1,385.24 737,058.50  

 Grating – erect M2 532.08 317.72 169,052.46  

 Cat ladder – supply M 35.57 2,431.67 86,494.02  

 Cat ladder – erect M 35.57 681.14 24,228.15  

 Stair treads – supply No 166 435.48 73,160.64  

 Stair tread – erect No 166 100.35 16,858.80  

 Kick plates – supply M 492.60 336.07 165,548.08  

 Kick plates - erect M 492.60 430.86 212,241.64  

 

Figure 7.7: Summary of Ratio Conceptual Estimate (RCE) for an addition to existing 

scope of a complex steel structure on a typical petrochemical project 

 

In both cases depicted in Addendum F and Figure 7.7, the estimator only needs to 

complete the “Project detail” portion and the rest of the estimate will be computed 

automatically, based on the ratios as set out in Addendum D.  

 

In this example, the only quantity that needs to be taken off the drawings will be the 

volume of the steel structure (4,500m³). The rest of the quantities are calculated by 

means of applying the ratios determined in this study. Similar estimates, as shown in 

Figure 7.7, can be done for any addition or omission to the scope. All the relevant 

ratios are set out in Addendum D. The application of the ratios and how quantities are 

derived from it is set out in detail in Chapter 8. 

 

To determine the rates for the individual items a rate calculation can be done. This 

calculation is based on base rates (refer to Figure 7.8) and various independent 

influencing factors such as escalation. The adjusted base rate then is manipulated by 

using cost factors to calculate the required rate. The influencing factors are adjusted 

based on the facts and findings earlier in this study relating to these issues. 

 

The information contained within Figure 7.8 will be adjusted on a regular basis as base 

rates change. This figure is similar to the one used in Chapter 5, but with the difference 

that this calculator is utilised to adjust base rates that will suffice under normal 

circumstances to suit the needs of the specific project in question. A complete example 

of how a RCE will be conducted and integrated into the financial forecasting system will 

be demonstrated in Chapter 8 of this study. 
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Base rate calculator - Ratio Conceptual Estimate (RCE) Date Jan-10

Escalation factor A

Size-of-the-project factor B

Market conditions factor C

Location factor D

Complexity factor E

Productivity factor F Labour only

Description Unit Base rate A B C D E F Total

% % % % % %

Site clearance m2
5.00R            0% 3% 0% 5% 2% 5% 5.75R           

Demolish concrete m3
1,200.00R     0% 3% 0% 5% 2% 5% 1,380.00R    

Bulk excavation m3
70.00R          0% 3% 0% 5% 2% 5% 80.50R         

Excavation m3
100.00R        0% 3% 0% 5% 2% 5% 115.00R       

Imported backfill and compact m3
300.00R        0% 3% 0% 5% 2% 2% 336.00R       

High tensile rod reinforcement t 8,650.00R     0% 3% 0% 5% 2% 1% 9,601.50R    

Concrete - supply and place m3
1,150.00R     0% 3% 0% 5% 2% 1% 1,276.50R    

Pile augering m 1,750.00R     0% 3% 0% 5% 2% 5% 2,012.50R    

80mm Concrete interlocking 

block paving m2
200.00R        0% 3% 0% 5% 2% 2% 224.00R       

Brickwork m2
550.00R        0% 3% 0% 5% 2% 1% 610.50R       

 

Figure 7.8: Civil base rate calculator 

 

7.0 SUMMARY 

 

The importance of time and the effect it has on society is evident in our daily lives. A 

construction project is similarly bound to the effects of time, especially from a financial 

point of view. The quicker the contractor can get off site and still maintain a good 

quality standard, the better for him. He will be better off financially in the sense that he 

does not have to keep on applying his resources to the project he is currently busy 

with, and he will be able to utilise the same resources on another project. Turnaround 

time is therefore important for any contractor. Proper planning, project management, 

quality control, etc. are all important aspects that should be kept in mind in order to 

reduce the time spent on site to complete the project. A further aspect which might 

come into play when delays are experienced on a construction site is the possibility of 

paying penalties. Such penalties are especially severe in the case of a plant that forms 

part of a critical chain of processes, or that is of environmental importance (Yang, 

2007: 26). 

 

The only way to keep track of the financial progress on a project is by means of a 

proper financial forecast and part of this forecast is the cash flow analysis. The 
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standard cash flow model reports on the in- and out flow of money for the project in 

question. The contractor should realize that on most projects he will operate on a 

negative cash flow, since the cumulative income will always be less than the 

cumulative expenses and he will only reverse this situation close to the end of the 

project. Negative cash flow is expensive as the contractor will have to finance the 

project to some extent. 

 

An integral part of the financial forecast is the plotting of an estimated final cost. This 

cost represents the projected final account value. In many cases this is a complicated 

exercise because of the non-availability of scope detail. Fast track turn-key projects 

force the contractor to adopt methods that lend themselves to minimum scope 

definition and still produce a reliable financial forecast. One such method, Ratio 

Conceptual Estimating (RCE), is a method which, if applied correctly, can produce 

quick and fairly accurate estimates which can be used in calculating the estimated final 

cost of a project. 

 

To apply Ratio Conceptual Estimating (RCE) it is required to make use of reliable ratios 

which are based on a database. The development of such ratios and the application 

thereof in the estimate gets discussed in the next chapter. 
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CHAPTER 8 

 

PRACTICAL APPLICATION OF RATIO CONCEPTUAL COST ESTIMATING 

 

1.0 INTRODUCTION 

 

Ratio Conceptual Estimating (RCE) is a quick form of cost estimating based on a 

historical database and ratios derived from this database. The better the quality of the 

database, the better the end result of the estimate. 

 

It is however not only at the beginning of a project where RCE is utilised to conduct 

estimates. There are many instances during the course of a project where RCE can be 

used to conduct estimates to check budgets or to determine budgets for certain 

additions to the project. The use of RCE in the financial forecast is one such example. 

The purpose of the financial forecast is to report to management the forecasted 

financial commitments for each project. New scope should therefore be cost in such a 

way that it is quick, but also accurate enough to fall in line with a Level 4 estimate (refer 

to Chapter 2 of this study). 

 

As mentioned previously, RCE can only be done if a proper database exists. To proof 

the value of RCE in the petrochemical industry, a database has been developed and 

included in this study. Refer to Addendum D. It is however necessary to analise this 

data and to put it in such a format that can be used in RCE. The practical application of 

RCE can be much enhanced by the use of computer software and if based on a proper 

database, can provide fairly accurate estimates quickly. 

 

2.0 FINANCIAL FORECASTING AND RATIO CONCEPTUAL COST ESTIMATING 

(RCE) 

 

It is clear from theory discussed in Chapter 2 that proper cost control during the course 

of a project is not a “nice to have” but a necessity. Project profit forecasting is, 

however, an important management function that needs to be performed to guide the 

project team as to what returns may be expected from the project in question. Profit 

forecasting begins at project level where historical project expenditures and predicted 

future commitments are scheduled. It will be the general aim of such a forecast to strive 
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towards predicting the final account value of each individual contract, and to attempt to 

get these values as accurate as possible. 

 

The layout of a typical financial forecasting summary is set out in Addendum E where 

project progress can be followed through current expenditures. Minimisation of cost 

overruns can be done through early detection and redirection. Chapter 7 demonstrates 

the use of financial forecasting. The use of Ratio Conceptual Estimating (RCE) in 

financial forecasting is unavoidable since the speed of the financial forecasting process 

does not allow for more detailed estimating methods. 

 

2.1 Improving the financial forecast by applying RCE 

 

Scope definition is considered to be the most important aspect when doing any cost 

estimate. It is essential that the estimator is well aware of the scope of work, in other 

words what needs to be allowed for in the cost estimate. Addendum A has been 

included in this study to demonstrate what a typical generic scope breakdown would 

look like. The information contained within Addendum A was gathered over many years 

and will serve as a good guide for any estimator working specifically in the 

petrochemical industry. 

 

The use of Addendum A and additions to this document will to a large degree eliminate 

some problems that might arise during scope definition. Grey areas and interfacing 

between certain portions of the plant will be minimised. Most importantly, incomplete 

scope definition due to overlooked elements of the scope will be reduced to such an 

extent that should there be any items that have been omitted during scope definition, 

the cost impact of those items should be minimal. Furthermore, Addendum A will also 

be helpful in the case of scope expansion or scope changes which occur in every 

project. 

 

Ratio Conceptual Estimating (RCE) can be used throughout the lifespan of the 

construction project. Even smallish scope adjustments can be included by means of 

micro RCE’s where portions of the database get applied. The size of the estimate does 

however not dictate the process of the estimate. The basic process of this form of cost 

estimate remains the same irrespective of the application thereof. The next portion of 

this chapter deals with the practical use of this form of cost estimation. 
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3.0 RATIO CONCEPTUAL COST ESTIMATING – THE PRACTICAL 

APPLICATION 

 

Chapter 5 of this study refers to the collection of data and how to build a data base that 

can be used as a basis of a RCE. Addendum D contains the quantity and cost data of 

45 projects in the petrochemical industry. 

 

3.1 Discussion on data as contained in Addendum D 

 

Addendum D contains the raw data taken from 45 actual projects’ final accounts. 

These projects have been chosen as typical petrochemical construction projects and 

represent the norm throughout the petrochemical industry. Due to secrecy agreements, 

the detail of these projects (names, whereabouts, clients, etc) can not be revealed. 

 

The bulk of Addendum D contains summaries of the quantities and rates for 45 

different projects. Each project’s detail has been listed in a similar fashion starting with 

“Bulk earthworks” and ending with “Electrical and Instrumentation”. The quantities and 

rates used were taken from the individual agreed final accounts of each contract. 

 

Also shown in each Project Summary are the ratios which have been calculated. These 

ratios can either be “quantity ratios” or “rate ratios”. Each individual ratio has been 

given a specific name and this name is the same for all 45 projects. If one for instance 

refer to Project 1 (Addendum D – page D24), the ratio “AB-Q1” has a value of 1,35 and 

refers to the quantity ratio between “Bulk excavation” and “Trimming of sides”. In other 

words; item “AB1.1” and “AB1.2”. The simple formula for this calculation is shown on 

the right hand side of each ratio. The answer (ratio) has been rounded off to the 

second decimal place. All ratios for each project have been calculated in this fashion. 

 

The ratios calculated in the individual project summaries as described above, have 

been transferred to a summary which is shown on page D1 to D22 of Addendum D. 

These quantities have been derived from the raw data and will be statistically adjusted 

for inclusion in the actual ratio database. Please refer to this adjustment process 

elsewhere in this chapter. 

 

Page D23 of Addendum D is a summary of the variable conditions on each of the 45 

projects from which data has been collected. Fourteen variables had been chosen 

based on the theory contained in earlier chapters of this study. They are as follow: 
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• Material (Type of material used) 

• Labour (Availability of labour and skills at the time of construction) 

• Engineering design (Complexity of the engineering design) 

• Current economic conditions (Current economic conditions at the time of 

construction) 

• Current economic factors (Current economic factors at the time of 

construction) 

• Scope definition (Level of scope definition at the time of construction) 

• Rework (Amount of rework that was done on the project) 

• Scope change (Level of scope change that occurred on the project) 

• Weather (General weather conditions at the time of construction) 

• Access (Access to the site when the project was executed) 

• Project size (Size of the project) 

• Project conditions (General project conditions at the time of construction) 

• Complexity (Complexity of the project in general) 

• Repetition (Level of repetitive work that occurred) 

 

The summary on page D23 lists the variables on all 45 projects. Each variable has 

three categories in which a project can fall. The decision of category allocation per 

variable and per project was made by the relevant project managers and site managers 

that worked on each of these projects. No scientific methodology was followed to 

allocate positions on this scale. Interviews with the various roll players revealed the 

situation as depicted on page D23. 

 

3.2 Statistical analysis of raw data 

 

Pages G3 to G32 contain the statistically altered ratios that were used to perform the 

RCE’s on the target or sample projects (10 in total). The application of these ratios will 

be discussed later in this chapter. What is of importance here is to note that these 

ratios are not the same as the ones derived in Addendum D. The ratios calculated in 

Addendum D are the actual ratios based on historical data. The ratios on pages G3 to 

G32 are the statistically adjusted ratios which have been used to do RCE’s for the ten 

sample projects (Addendum G). The process of deriving at the ratios set out on pages 

G3 to G32 need however to be discussed. 
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3.2.1 The research process 

 

The role of statistics in research projects is set out in Figure 8.1. The steps in the 

process where statistics plays a role are marked with a dark out line. The process can 

be divided into five steps. 

 

3.2.1.1 Planning 

 

Steyn, Smit, Du Toit and Strasheim (1994: 3) pointed out that no research project of 

any significance can be conducted without proper planning. In the planning stage it is 

firstly important to formulate the purpose of the study as good as possible.  To be able 

to reach this goal, it is important to extract certain information from a source. It is 

important however only to obtain the relevant information that is needed to fulfill the 

study’s requirements.  

 

3.2.1.2 Data collection 

 

Physical data collection will not pose to be a problem if the planning has been done 

properly. The availability of data is dependant on the type of research conducted. More 

information on data collection is provided in Chapter 5 of this study. 

 

3.2.1.3 Data normalisation and coding 

 

Chapter 5 also contains information on data normalisation and how this can be done in 

the petrochemical construction industry. 

 

3.2.1.4 Analysis 

 

During this part of the investigation, statistical methodology are utilised to analise the 

gathered information. The first step in this process is called “descriptive statistics”. 

Graziano and Raulin (1993: 90) describe three important groups of descriptive 

statistics; frequency counts and frequency distributions, graphical representations of 

data and summary statistics. Steyn, et al (1994: 5) expresses their view on descriptive 

statistics as follows: 

 

“Descriptive statistics refer to the arrangement and summary of data 

by means of tabulating graphical presentation and the calculation of 
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descriptive measures. By doing this, the inherent tendencies and 

properties of the gathered data can be shown.” 

 

The second step in the investigation is referred to as “statistical intervention”. Steyn, et 

al (1994: 5) refers to it as follows: 

 

“Statistical intervention forms assumptions pertaining to the 

population from which the data has been drawn by utilising the 

descriptive measures that have been calculated.” 

 

3.2.1.5 Conclusions 

 

Once the statistical analysis has been conducted, important conclusions can be drawn 

in the form of a report. In this report it is important to answer as many of the questions 

that have been mentioned in the problem statement of the study. This step normally 

leads to further research. 

 

3.2.2 What methodology to use? 

 

Coetzee (personal interview: 01-09-2011) pointed out that the data pool of this study is 

too small (only 45 projects – refer to Addendum D) to apply significant statistical 

analysis. Although this number of projects (from a South African perspective) seems to 

be very few, it nevertheless represents the bulk of the petrochemical projects that were 

constructed in the past number of years. Bellamy (2011: 11) also stressed that for 

certain types of statistical analysis one require more data sources to establish 

meaningful results or to be of statistical significance. 
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Graziano and Raulin (1993: 97) pointed out that the measures of central tendency 

describe the typical or average score. They are called measures of central tendency 

because they provide an indication of the centre of the distribution where most of the 

scores tend to cluster. There are three measures of central tendency used to describe 

data; the mode, the mean and the median. The mode being the most frequently 

occurring score in the data field. The mode has the advantage of being simple to 

determine, but the disadvantage of being easily influenced by the change in one or two 

scores. Coetzee (personal interview: 01-09-2011) indicated that the use of the mode in 

this study is questionable seeing that the data field is too small. 

 

Which information will be needed? 
 

Taking a sample Purpose of 
investigation 
 

Planning 
 

Conclusions 
 

Data 
collection 

 

Data 
analysis 

 

Data 
normalisation 
 

Statistical 
intervention 

 

Descriptive 
methods 

 

Figure 8.1:  The role of statistics in research projects 

Source: Steyn, et al (1994: 4) 
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To apply basic statistical analysis to the raw data it will be necessary to understand 

what the implication of certain formulas will be and how these formulas are being 

derived at.  

 

3.2.2.1 Arithmetical mean 

 

Graziano and Raulin (1993: 98) describe the mean as the “arithmetical average” of a 

particular set of scores. Steyn, et al (1994: 101) pointed out that this form of statistical 

indication is the most common form in use to indicate central tendency. The formula to 

determine the arithmetical mean is as follows: 

 

 

 

 

The addition of extra information into the data set will not have a significant influence 

on the value of µ. The smaller the data set, the greater the effect will be on µ, should 

there be any changes to the data set. 

 

When the data set as set out in Addendum D is considered, the calculation for quantity 

ratio AB-Q1 (page G3) will be as follows: 

 

 

 

 

The above calculation had been done to obtain all the “means” for the all the applicable 

ratios. The answers can be viewed on pages G3 to G32 Addendum G in the column 

headed “Project Ratio Mean”. The raw data can be obtained in the ratio summary of 

Addendum D. 

 

3.2.2.2 Median 

 

The median can be described as the fiftieth percentile of a data set. In other words, 

50% of the values will be lower than the median and 50% will be higher. To determine 

the median, the values of a particular data set must be arranged from the lowest to the 

highest value. The value in the middle will then be the median. Steyn, et al (1994: 103) 

propose the following formula to calculate the median: 

 

 

       Σ x 

µ = ------- 

        N 

 

       Σ x 

µ = ------- 

        N 

 

       98,21 
µ = -------- 

         45 

 

        

µ = 2,18 

         

   

therefore  

         

   

therefore  
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When considering the data in Addendum D, one can for instance (by applying the 

above formula) determine the median if all the data inputs are arranged from the lowest 

to the highest value. If the same ratio (AB-Q1 on page G3) is considered, the median 

will be 2,20. All the medians from the data of the 45 projects discussed in Addendum 

D, have been tabulated in Addendum G (page G3 to G32) under the heading “Project 

Ratio Median”. All these medians had been calculated in the manner described above. 

 

3.2.3 Applying the effects of the fourteen variables 

 

The study of the theory pertaining to conceptual estimating (as described in Chapters 2 

to 7 of this study) has revealed some factors that might influence the ratios calculated 

in Addendum D. These influences or variables have been summarised in Addendum D 

on page D23. There are fourteen in total. 

 

Discussions have been held with several people that were involved in the 45 subject 

projects from which data had been drawn. Based on these discussions and a study of 

each project’s detail, a position on the chart (page D23) had been allocated. These 

positions have not been calculated scientifically and were merely allocated based on 

what the project team and the project data revealed. 

 

The summary of all the means and medians (pages G3 to G32) in Addendum G has 

been divided into fourteen major groups, based on the fourteen variables stated on 

page D23. Each group has been divided into three sub-groups ranging from “easy / 

little” to “normal” and finally to “complex / volatile, etc”. Please refer to Addendum G to 

study the relevant column headings. Each sub-heading has again been divided into two 

separate columns named “mean” and “median”. 

 

To demonstrate how these values have been calculated, ratio AB-Q1 can be 

considered. Addendum D (page D23) reveals that the “material” variable can be spread 

as follows: 

 

 

 

 

                   n + 1 

Median = -----------  th value 

                      2 
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Of the 45 subject projects there were 9 projects which material supply was considered 

to be “simple”; 28 projects had “normal” material supply constraints and 8 projects had 

rather “complex” material supply constraints. To determine the means and medians for 

the 9 projects which had few material supply constraints, the 9 projects had to be 

identified (page D23) and only their data had to be considered. The values of AB-Q1 in 

these 9 projects with “simple” material constraints were: 

 

 

 

 

 

 

 

 

 

 

 

If the formulas described above are applied, the mean and median for this data set can 

be calculated. The mean for ratio AB-Q1 for the nine projects stated above is therefore 

2,25 and the median is 2,21. These values have been entered into the ratio summary 

(page G3 to G32) of Addendum G under the “Material” heading, with a “Simple” 

constraint level. The rest of the ratios for variable changes have been calculated in a 

similar fashion.  

 

3.3 Application of data on real life projects 

 

To test the integrity of the data that is expressed in Addendum D and reworked and 

tabled in Addendum G, it will have to be applied to actual projects. The end results will 

then have to be compared to the actual costs (final account values) of these projects. 

The difference between these values will be an indication of just how applicable the 

data will be when employed in RCE. Again, the detail of the target projects can not be 

revealed due to secrecy agreements. 

 

Material – Simple -  9 Projects 

Material – Normal - 28 Projects 

Material – Complex - 8 Projects 

Project 3 - AB-Q1 = 2,83 

Project 9 - AB-Q1 = 2,03 

Project 17 - AB-Q1 = 2,36 

Project 23 - AB-Q1 = 2,29 

Project 24 - AB-Q1 = 2,14 

Project 29 - AB-Q1 = 2,37 

Project 30 - AB-Q1 = 2,21 

Project 31 - AB-Q1 = 2,06 

Project 40 - AB-Q1 = 1,98 
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Ten typical petrochemical projects have been chosen and cost estimates for these 

projects had been done for these projects. The estimate method utilised was Ratio 

Conceptual Estimating (RCE). The variable characteristics of each project were 

tabulated and can be viewed in Addendum G on page G2. The quantities and rates 

applicable to these projects have then been calculated to form the basis of the 

estimate. 

 

3.3.1 Discussion on the application of Addendum G 

 

The detail of the ten target projects has all been listed in Addendum G from Project A 

to Project I. Once the ten chosen projects had been identified and their variable 

characteristics tabulated (refer to page G2), some basic quantities were taken off. 

These quantities were measured from conceptual design drawings and were then 

entered into a computer spread sheet as can be seen on page G-A1. The base rates 

utilised, were market related when considering the specific target project in question. 

 

A breakdown of all the quantities for each of the ten projects had been prepared. The 

breakdown of Project A, for instance, can be found on pages G-A3 to G-A28. This 

breakdown is summarised on page G-A2. The same process was followed for all of the 

ten projects. 

 

The spread sheet was developed in such a way that it is completely formula driven. 

The breakdown of the quantities, rates and totals on pages G-A3 to G-A28 have all 

either been calculated by means of formulas or were drawn from the information page 

which in the case of Project A, can be found on page G-A1. The shaded cells in the 

breakdown (pages G-A3 to G-A28) indicate quantities and rates that have been drawn 

from the information page (page G-A1 in the case of Project A). For instance, the “Site 

clearance” for Project A of 16,500 m² (shaded cell on the top of page G-A3) was 

directly taken from the information page (page G-A1). This quantity has in other words 

been measured off drawings and entered (by hand) into the information page. 

 

The population of the information page is done by entering gathered information which 

then get utilised in the formulas throughout the spread sheet. The rates in the 

information page are the market related rates at that given point in time. The ten 

projects in question had been completed at different times; therefore different rates 

were used. The population of the break down for Project A (as shown on page G-A3 to 

G-A28) happen by means of formulas which utilise the information on the information 
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page as well as the statistically altered ratios (refer to the appropriate section in this 

chapter). 

 

When the “Trimming of sides” for instance on Project A gets calculated; the ratio 

named AB-Q1 with a value of 2,18 had been used. In this case, both the “quantity ratio” 

and the “rate ratio” are the statistical “mean”. The relevant ratio to use can also be 

chosen on the information page of the estimate. In this case it is page G-A1. 

Depending on the choice made by the estimator (at the bottom of page G-A1), the 

computer will automatically apply the correct ratios (according to the table in 

Addendum G) to the measured quantities and rates also inserted on the information 

page, which will then (by means of formulas) populate the estimate break down (pages 

G-A3 to G-A28). All the un-shaded areas in each of the projects’ break downs 

represent a value which has been calculated by applying the appropriate ratio to 

another quantity or rate. How these ratios have been calculated can be viewed in 

Addendum D. 

 

3.3.2 Outcome of application of statistically altered data 

 

As previously mentioned, the variables for each of the ten target projects have been 

shown on page G2. These variables have been utilised to make adjustments to the 

data utilised in calculating each end cost. The cost summary of the sample projects is 

shown on page G1 of this study. 

 

The summary on page G1 indicate the outcome of a RCE that was conducted on each 

of the ten sample projects utilising the “mean” and “median” ratios as well as the 

“mean” and “median” variable ratios. 

 

Table 3.4 in Chapter 3 indicates the typical accuracy range for the different estimate 

classes. If this table is compared to the results on page G1, it will be found that most of 

the ten projects’ results fall well within the Class 3 and Class 4 accuracy range. The 

application of RCE based on the data set-out in Addendum D can therefore deliver cost 

estimates with the average accuracy as set out in the small table at the bottom of page 

G1. These results are in line with the requirements for a conceptual cost estimate as 

previously set out in this study. Refer to Chapter 3 for more information. 

 

If the “average accuracy findings” (bottom of page G1) is studied, it will be noticed that 

the ratio with the best results (fluctuating the least) is the “variable median”. With an 
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average estimate value of 0,7% more than the final account value. This value is 

however only an average and to get a better understanding of the actual values 

obtained, one should study each project summary (page G1). 

 

The difference in results between the “mean”, “median”, “variable – mean” and 

“variable – median” is so small (page G1), that it can hardly be considered as 

meaningful. The allocation of variable classification as set out on page G2 is also done 

in a non-scientific manner and is based on the experience of the team involved. By 

allocating the incorrect variable classification to the variable in question, will influence 

the end-result of the estimate. Seeing that the difference between the “mean” and the 

“variable – mean” as well as the “median” and the “variable – median” is so small,  the 

implication of “variables” remains questionable and it seems that in this case, the 

application thereof is not necessary. 

 

From the results stated on the summary page (page G1) it is clear that the “median” 

ratios provided better results than the “mean” ratios. The average difference between 

the final account values and the estimated values, when using the “median”, is 3,20%. 

This means that the application of RCE (using “median” ratios) resulted in a 3,20% 

higher estimated final cost, while the application of the “mean” ratios resulted in an 

average 5,46% lower cost. Although both sets of data provided good results, it seems 

that by making use of the “median” ratios will result in slightly higher end results, which 

for estimating, is beneficial. 

 

4.0 SUMMARY 

 

The practical application of Ratio Conceptual Estimating (RCE), if based on a properly 

developed database, can be successfully incorporated into the estimating process on a 

petrochemical project. This can either be done at tendering stage or it can be used as a 

management tool to forecast costs for additional scope. This is particularly of 

importance when conducting the financial forecast on the project. 

 

In this study a subject project list of 45 projects have been used to create a database 

from which quantity ratios and rate ratios have been derived. Refer to Addendum D. 

Statistical analysis of these ratios provided a set of ratios (based on “means” and 

“medians”) which have been summarised and used to conduct actual estimates of ten 

projects. The results have been compared and found to be fairly accurate, which is well 

in line with the requirements of a conceptual cost estimate. 
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CHAPTER 9 

 

CONCLUSIONS, LIMITATIONS AND FUTURE RECOMMENDATIONS 

 

1.0 INTRODUCTION 

 

The purpose of this chapter is to draw conclusions from the application of the data 

based on the theory basis provided in Chapters 2 to 7. Conclusions are drawn in 

accordance with the research objectives. Furthermore, limitations of this study are 

discussed and recommendations are made for the petrochemical construction industry. 

Finally, research opportunities that emanate from this research are presented. 

 

2.0 CONCLUSIONS 

 

Next, the conclusions of the empirical studies are drawn.  

 

An abbreviated synopsis of the main points drawn from the study can be listed as 

follows: 

 

• Cost control on construction projects is essential for the success of the 

project and monitoring of cost should be done throughout the life cycle of 

the construction project. 

• Good cost estimating procedures will provide a solid base for the 

construction budget and a reasonable target by which the project can be 

controlled from a financial point of view. 

• Scope definition is probably the most significant factor when any cost 

estimate is made. 

• If conceptual cost estimates are conducted properly and if it is based on 

reliable databases, it can be a very useful tool in project cost control. 

• Although conceptual estimates are considered to be a quick form of 

estimating, its success is largely based upon the quality of the database 

from which information is drawn. Setting-up a quality database takes a lot of 

time, but the dividends of this exercise will be realised in future estimates. 

• Cost escalation and contingency analysis form an integral part of the 

estimating process and special emphasis should be put on these factors 

when the risk associated with the project is high. 
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• Financial forecasting is essential for the success of the project as it provides 

a monetary target that can be used to by management to measure the profit 

/ loss forecast on the project and to report accordingly. 

 

The primary objective of this study was to prove the effectiveness of Ratio Conceptual 

Cost Estimating (RCE) in the South African petrochemical construction industry.  

 

Today, much more than ever before, financial success of any construction project, 

becomes more and more a result of scientific and precise evaluation of imposing 

factors and management thereof, than just informal decisions by management. Much 

creative thought should be put into the process of mitigating financial risks. It will be the 

contractor which excels in this, that will eventually be successful. Competition in the 

market is tough and work in the petrochemical construction industry is scarce. 

 

To reach the goal mentioned in the previous paragraph, certain tools should be used to 

firstly allow management to get reliable answers and secondly to provide these 

answers at a reasonable level of accuracy. The time available to provide these 

answers is limited and to keep within the set program, the construction team on a given 

project should revert to methods which are economical when considering the time that 

they have at their disposal. 

 

One such method that can be employed in financial forecasting is Ratio Conceptual 

Cost Estimating (RCE). RCE is a quick form of cost estimating and can be done fairly 

accurately. The purpose for which it is intended is to provide “check” estimates or basic 

estimates to adjust financial forecasting or to allow management to react to certain 

costs pertaining to scope adjustments on a project. RCE will however only be 

successful if it is based on a proper database which will take a considerable amount of 

time to establish, but once this is done, it will serve its purpose for a long time. 

Additions and adjustments to the databases can be made on an ongoing basis. 

 

The petrochemical construction industry is no exception when it comes to dealing with 

cost forecasts. The results indicated in Chapter 8 of this study, showing the comparison 

between the ten target projects and the actual final account values of these projects, 

demonstrate that: 

 

• firstly, the process of RCE can successfully be employed in the South 

African petrochemical industry, and 
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• secondly, the databases of 45 projects from which data has been drawn to 

derive at the ratios used in the RCE process, can be considered to be 

reliable. 

 

Considering the above and especially taking into account the above bullet points, it is 

considered that researcher has reached the primary objective of the study and proved 

that RCE can successfully be utilised in the South African petrochemical construction 

industry. 

 

The Secondary Objective of the study was to proof the value of Ratio Conceptual Cost 

Estimating (RCE) during the financial forecasting process. 

 

Research mentioned in Chapter 7 of this study indicated the importance of financial 

forecasting. A study of the methodology of financial forecasting will reveal that the 

process of putting a future value to a particular scope of work, is nothing more than a 

range of small, medium and large cost estimates, combined into one exercise. 

 

The time in which these estimates can be done is normally very limited as the financial 

forecast is done during the course of a project’s life cycle. The scope is normally not 

well defined as the engineering of it is still in process. The limited level of scope 

definition together with the short duration in which these estimates can be done, makes 

the use of conceptual type estimates essential. RCE is one such method that can be 

used.  

 

The nature of petrochemical plants is such that the lay-out and design criteria for most 

of these plants are similar. Taking this into consideration, it makes sense to make use 

of a system where ratios derived from previous projects, are used. RCE lends itself to 

this form of estimating and with a low level of available information; fairly accurate 

estimates can be compiled and included in the financial forecast. 

 

Considering the fact that the Primary Objective of the study has been reached and that 

the contribution that RCE can have in the South African petrochemical construction 

industry, have been highlighted; conclusions can also be drawn regarding the use of 

RCE in financial forecasting. If RCE can be positively employed in conducting cost 

estimates for new petrochemical plants and the accuracy of these estimates is 

satisfactory (refer to Chapter 8), this form of cost estimating can also be used in the 
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costing of smaller portions of work. This has however not been proved in this study and 

remain open for discussion or for future research. 

 

3.0 TESTING THE HYPOTHESES 

 

This study researched, in particular, the use of Ratio Conceptual Cost Estimating 

(RCE) in the South African petrochemical construction industry. The Primary 

Hypothesis was mentioned in Chapter 1 as: 

 

It is possible to apply Ratio Conceptual Cost Estimating (RCE) in the South African 

petrochemical construction industry. 

 

From the interpretation and application of the theory of Chapters 2 to 7, Chapter 8 has 

been developed. In this chapter the process of RCE had been applied to ten typical 

petrochemical target projects. This process of RCE was based on a database derived 

from 45 historical projects (Addendum D). The results for the application of RCE in this 

instance are described in Chapter 8. When considering previous research, the 

international accepted level of accuracy for conceptual cost estimates is approximately 

15% within the actual cost of the project. 

 

The results obtained and described in Chapter 8 are well within this range of accuracy. 

Refer to Addendum G (page G1) for more information. Taking this into consideration, 

the primary hypothesis is supported. 

 

The Secondary Hypothesis stated in Chapter 1, read: 

 

The use of Ratio Conceptual Cost Estimating (RCE) in the construction of South 

African petrochemical projects will lead to improved cost forecasting. 

 

The essence of cost forecasting lies in the timely prediction of future costs on a 

construction project. The purpose of cost forecasting in itself is to forewarn 

management of shifts in the projected cash flow to enable budget shifts or re-

application of funds. 

 

A cost estimate is nothing more than a prediction of what a particular exercise will cost 

at some point in time. A series of estimates of various sizes will be required throughout 

the lifespan of a construction project. The availability of engineering data and the 
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limited time available will necessitate a quick form of cost estimating. RCE does lend 

itself to these characteristics. Although the value of RCE in the South African 

petrochemical industry has been proved in this study, the specific application in 

smallish estimates (which normally forms part of the financial forecasting process) has 

not been tested. The secondary hypothesis is therefore not supported. 

 

4.0 LIMITATIONS 

 

Although the data pool seems to be quite comprehensive, it is actually not big enough 

to draw meaningful statistical analysis from. It will be many years before enough data 

sets exist for such analysis to be conducted. Competitive tendering procedures in the 

open market enhance this problem, seeing that many competitors do not want to 

surrender any information as they feel that this might compromise their position in the 

market place. 

 

The size of the data pool of South African petrochemical projects poses to be the single 

most significant draw back of the use of RCE. This situation will improve over time as 

more projects are being constructed. 

 

5.0 FUTURE RECOMMENDATIONS 

 

Although the Primary Hypothesis has been supported, there are still areas where future 

research will add value. These areas can be summarised as follow: 

 

• Although the use of RCE in South African petrochemical construction 

projects has proved to be successful when determining the cost of new 

plants, it has not been applied to small portions of scope additions / 

omissions. Future study may prove that similar databases (as stated in 

Addendum D) can be utilised to perform localised estimates. 

• The current form of the database only caters for “installation” of items such 

as piping and mechanical equipment. Should the database be further 

developed, the “supply” of these items can also be included in the estimate. 

• The development of locational factors which might be brought into the 

calculation might also be considered. The frequency of plants constructed in 

areas other than the traditional locations in South Africa, is however limited 

and the researcher will struggle to obtain a sufficient data pool. 
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