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Abstract 

The company’s pricing is often highly impacted by the estimation of 
competitors’ project costs, which also is the main scope in this degree project. 
The purpose is to develop a pricing model dealing with uncertainties, since 
this is a main issue in the current pricing process. A pre-study has been 
performed, followed by a model implementation. An analysis of the model 
was then made, before conclusions were drawn. 

Project cost estimation foremost, but also probability distribution functions 
and pricing as a general concept, were investigated in the mainly literary pre-
study. Two suitable methods for project cost estimation were identified; 
Monte Carlo simulation and Hierarchy Probability Cost Analysis. These lead 
to a theoretical project cost estimation model. 

A model was implemented in Matlab. It treats project cost estimation, but no 
other pricing aspects. The model was developed based on the theoretical one 
to the extent possible. Project costs were broken down in sub costs which 
were included in a Monte Carlo simulation. Competitors’ project costs were 
estimated using this technique. 

To analyse the model’s accuracy was difficult. It differs from the theoretical 
one in terms of how probability distribution functions and correlations are 
estimated. These problems depend on projects with shifting characteristics 
and limited data and time. A solid framework has been created though. 
Improvement possibilities exist, e.g. more accurate estimates and a model 
handling other pricing aspects. The major threat is that nobody maintains the 
model. Anyway, estimates are not more than just estimates. The model should 
therefore be viewed as a helpful tool, not an answer. 

Keywords:  

Project cost estimation, Pricing, Probability distribution function, Monte 
Carlo simulation, Cost breakdown.  
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Sammanfattning 

Företagets prissättning påverkas ofta till stor del av estimeringen av 
konkurrenters projektkostnader, vilket också är huvudområdet i detta 
examensarbete. Syftet är att utveckla en prissättningsmodell som hanterar 
osäkerheter, då detta är ett stort problem i rådande prissättningsprocess. En 
förstudie har utförts, följt av en modellimplementation. En analys av modellen 
gjordes sedan, innan slutsatser drogs. 

Projektkostnadsestimering främst, men även sannolikhetsfunktioner och 
prissättning som ett allmänt koncept, undersöktes i den i huvudsak litterära 
förstudien. Två lämpliga metoder för projektkostnadsestimering 
identifierades; Monte Carlo-simulering och Hierarchy Probability Cost 
Analysis. Dessa ledde till en teoretisk modell för projektkostnadsestimering. 

En modell implementerades i Matlab. Den behandlar 
projektkostnadsestimering, men inga andra prissättningsaspekter. Modellen 
utvecklades baserat på den teoretiska i möjlig utsträckning. Projektkostnader 
bröts ner i delkostnader som estimerades för konkurrenterna. Dessa ingick i 
en Monte Carlo-simulering. Konkurrenters projektkostnader estimerades med 
hjälp av denna teknik. 

Att analysera modellens noggrannhet var svårt. Den skiljer sig från den 
teoretiska beträffande hur sannolikhetsfunktioner och korrelationer estimeras. 
Dessa problem beror på projekt med skiftande karaktärsdrag samt begränsad 
data och tid. Ett solitt ramverk har dock skapats. Förbättringsmöjligheter 
finns, t.ex. noggrannare estimat och en modell som behandlar andra 
prissättningsaspekter. Det huvudsakliga hotet är att ingen underhåller 
modellen. Hur som helst är estimat inte mer än estimat. Modellen ska därför 
ses som ett hjälpverktyg, inte ett facit. 

Nyckelord:  

Projektkostnadsestimering, Prissättning, Sannolikhetsfunktion, Monte Carlo-
simulering, Kostnadsnedbrytning. 
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1 Introduction 

1.1 Background 

Company delivers complex turnkey projects with different characteristics, 
rather than standard products. It is operating in several countries. [61] 

1.1.1 Current project pricing process 

Since no project is the other one alike, there is no established market price for 
a specific project. When Company is pricing a project they try to estimate the 
competitors’ costs and sales prices, in order to compare them with their own. 
This gives an indication of the market price for the specific project, which is 
also affected by other non-price related factors. [61] 

Competitors’ project costs - Competitors’ project costs are typically 
estimated using expert judgement and previous sales prices. Single valued, i.e. 
deterministic, estimates are used. [61] 

Sales prices are often published in customer evaluations, and are therefore 
used. Company can estimate the total project cost for a competitor in a 
previous project, based on the expected net margin. [61] 

Out of the total cost of a competitor’s previous project, its sub costs are 
estimated. Company can use those sub costs to approximate the corresponding 
sub costs of a current project in some instances. As mentioned, projects have 
different characteristics. Previous data is therefore often not representable. 
Occasionally, sub costs can be estimated based on competitors’ publications. 
The sub cost estimations eventually lead to an estimation of the project cost. 
[61] 

Competitors’ sales prices - A sales price is estimated by adding a 
deterministic net margin to the estimated total project cost. A competitor’s net 
margin is hard to estimate. Examples of factors that could influence it are how 
keen a competitor is on taking a certain project and how a competitor assesses 
its competitors. [61] 
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Additional factors - Competitors’ sales prices alone do not always represent 
the market price, due to other customer preferences. These preferences 
therefore impact the pricing. A customer might choose a tenderer whose sales 
price is not the lowest due to e.g. technical or qualitative factors. [61,63] 

1.2 Problematization 

The pricing process faces a major issue. Deterministic estimates do not 
represent the inherent insecurity in the estimations of competitors’ project 
costs and net margins. This in turn gives an erroneous view of the market 
price, and is likely to lead to suboptimal pricing. 

1.3 Purpose 

This degree project’s purpose is to develop a new pricing model for 
Company’s projects. The model shall focus on resolving the aforementioned 
problem, i.e. the usage of deterministic estimates. 

1.4 Scope and delimitations 

Approximately 20 weeks of full time work shall be performed throughout the 
development of this report. The main scope includes the estimation of 
competitors’ project costs, due to their high impact on the pricing. 

While a theoretical section will be dedicated to pricing in general, to give the 
reader insight in the subject, the actual implementation will solely handle 
project cost estimation. Other parts of the pricing process will not be 
implemented for a number of reasons. For instance, their total impact on the 
market price is often smaller than the project cost’s impact. Their impacts are 
also harder to estimate properly. This is mainly due to the fact that there are 
many insecure parameters capable of influencing the pricing [61]. To 
implement a pricing model handling those parameters would require an 
unreasonable amount of work, considering the time frame. 
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To estimate Company’s own project cost lies completely outside the report’s 
scope. The cost will be treated as certain, and will serve as a base in the 
estimation of the competitors’ costs.  
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2 Methodology 

The purpose of this section is to describe how the research is performed 
throughout this report. It starts by describing the research design used, 
followed by an overview of the research process and report structure. 
Different report sections are eventually discussed in more detail, from a 
methodological perspective. 

An important note is that the research actually performed differs from the one 
presented in this section in a number of aspects. The reason is that once 
certain pieces of knowledge were obtained, plans have been forced to change. 
As we shall see in the upcoming sub section, the chosen research design 
counts on such changes to take place. Additional methodological discussions 
will be held throughout the report, due to these changes. 

2.1 Research design 

This section presents the research design used in this degree project. For 
clarifications of research design related terms used throughout the discussion, 
refer to [17,23]. 

Although this report covers a quantitative research problem due to its 
statistical nature, there are important qualitative issues which need to be taken 
into consideration. One example is the fact that cost estimations to a large 
extent are based on expert judgement. The concept of pricing in general is 
another, since it can be affected by both qualitative and quantitative factors. 
Mixed methods will be used for this reason. 

When it comes to the type of research design, a combination of exploratory 
research and descriptive research will be used. The former is used because it 
is not in advance known how the problem will actually be addressed, i.e. it is 
a fairly unstructured problem. Exploratory research is flexible and allows for 
plans to change as new discoveries are made. When it comes to descriptive 
research, it can be used to draw statistical conclusions. [23] 

The philosophical world view this project’s research problem best 
corresponds to is pragmatic. It allows for various types of data to be 
integrated, and just as exploratory research makes room for plan changes [17]. 
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As a strategy of inquiry, concurrent mixed methods will mainly be used. This 
allows a wide knowledge base to be formed before drawing conclusions [17]. 

Research methods will be discussed in more depth in an upcoming section. 
Main ones include literature review, open-ended and close-ended interviews 
and statistical data collection, analysis and interpretation. 

2.2 Overall research process and report structure 

In this section, the overall research process is discussed, along with the 
report’s structure. These two aspects mostly go hand in hand.  In the 
upcoming section, methods used in the various parts of the report are 
discussed in more detail. 

The research starts with a pre-study, in order to create a theoretical base. A 
major part of this pre-study concerns project cost estimation (PCE), since that 
it the main scope of the report. Pricing as a general concept is studied as well, 
but not to the same extent. Finally, probability distribution functions (PDFs) 
have been examined. These are discussed in the beginning of the pre-study 
section of the report, as they turned out to be an essential aspect of project 
cost estimation. 

Based on the pre-study an actual implementation takes form. As pointed out, 
it only deals with project cost estimation.  Examples of issues the 
implementation takes into consideration are on which level to estimate costs 
and how to structure the model being implemented. 

An analysis follows the implementation. The bases of this analysis are the 
implemented model’s performance, how well it corresponds to the theory and 
which future prospects it has. Conclusions are ultimately presented. These are 
based on the analysis and are somewhat subjective. 

A factor worth stressing is that a certain usability focus is present in some 
parts of the research, mostly during the implementation as the hope is to 
create a model that can be used at Company. This focus is also evident in the 
part of the pre-study concerning PCE, as it creates a basis for the 
implementation. The subject is left out of the analysis though, in order to 
prevent it from focusing on too many aspects. 
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2.3 Research methods 

Research methods used within different parts of the report are discussed in 
this section. Which investigation areas those parts consist of is discussed too. 

2.3.1 Pre-study 

In the pre-study, literature review serves as the research methodology in most 
cases, since it is mainly a theoretical section. There are a few exceptions 
though, which will be shown. 

During the literature review, search engines will generally be used to find 
information. Examples of possible search engines are Google and 
Summon@BTH. The type of literature searched for are scientific articles and 
books in general. Open-ended interviews with experts at BTH may be used 
too, to get methodological tips and further knowledge in particular subjects. 

Next, the three subjects of the pre-study are discussed. 

Probability distribution functions - The research about PDFs is solely 
theoretical. Hence, literature review is mainly used. Theoretical PCE studies 
pointed out the importance and difficulty of estimating PDFs, as well as 
which probability distribution are commonly used in the PCE domain. Those 
subjects are therefore investigated. 

Project cost estimation - As mentioned, the PCE investigation is the pre-
study’s major one. It consists of both theoretical and analytical sections. The 
approach chosen is to research for varying methods applicomponent to PCE, 
or cost estimation in general, to keep a wide perspective. In case many 
methods are found, an analysis has to be performed in order to identify the 
ones most suitable to work with. This analysis will be a qualitative one, where 
concepts of the methods are evaluated in terms of how capable they are of 
solving the defined problem. A theoretical project cost estimation model shall 
ultimately be created, mainly based on the methods identified as suitable. 

A purely theoretical approach could have been used, but the discussed one 
makes it easier to base the implementation on the theory. 
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Pricing - As discussed, the purpose of the pricing research is to obtain an 
insight in the subject. The reason is that it could become subject to 
implementation in the future. The investigation will focus on finding different 
approaches or methods. These will not be evaluated though; making the 
pricing research purely theoretical. 

2.3.2 Implementation 

The implementation is based on the theoretical model to a fair extent. For that 
reason, the research methodology used is partly based on that too. 

A major part of the implementation consists of determining which costs to 
estimate, and how to categorize them. Open-ended interviews with Company 
employees can be held to support those decisions, as well as cost related 
documentation. These research methods can show how it works today, and 
whether another approach is desirable. 

Another aspect concerns the estimation of the PDFs, which is identified as a 
critical issue in the pre-study. PDFs should be estimated using open-ended 
and close-ended interviews as well as collection, analysis and interpretation of 
statistical data. The reason for using mixed methods is to increase the chance 
of obtaining accurate estimates. These methods are discussed below. 

Interviews may be suitable for particular sets of costs, due to lack of statistical 
data for instance. Close-ended questions, such as “Is this cost typically as high 
for the competitors as for Company?” and “Which interval could this cost 
possibly lie in?” can be used to obtain preliminary impressions of e.g. means 
and standard deviations. It may also be beneficial to let the interviewee speak 
more freely, since costs can vary in different ways, and varying amounts of 
knowledge are possessed for different costs. 

In other cases, statistical methods might be more suitable. Statistical data must 
then be collected from internal cost documents for previous projects. PDFs 
can be estimated based on an analysis and interpretation of such data, using 
techniques found in the pre-study. 
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2.3.3 Analysis 

When analysing the implemented model’s performance, statistical data should 
be the main source. By statistical data I mean competitor related data for 
previous projects. Such data might for instance include estimated total project 
costs, estimated sub costs and component design data. The performance of the 
model can then be analysed by comparing these data with its outputs. 
Qualitative methods are not to be used other than to a minor extent, since the 
model should present statistical results. 

Recall that the implemented model will be compared with the theoretical one. 
During this comparison a qualitative analysis should be performed, where the 
different concepts of the theoretical model serve as bases. The implemented 
model can then be analysed to see which theoretical concepts it incorporates, 
as well as which ones it does not handle in a similar manner. 

Future prospects of the model shall be based on previous discussions of this 
report, but also on suggestions obtained from open-ended interviews. 
Concepts are discussed, making quantitative methods unsuitable. 
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3 Pre-study 

In this section results from the pre-study will be discussed. The discussion 
mainly includes theoretical results, but also a few analyses. 

It is common to categorize estimates in two categories depending on the range 
of values they can take. Estimates using a single value are known as 
deterministic estimates. Estimates presenting the likelihood of falling within a 
certain range of values are referred to as probabilistic estimates. [14]  

As we shall see; PDFs are used when dealing with probabilistic estimates. 
This section starts with a discussion of those. Then, PCE is thoroughly 
discussed, ultimately leading to a theoretical PCE model. Lastly, pricing 
approaches are introduced. 

3.1 Probability distribution functions 

The purpose of this section is to discuss some common alternatives for 
estimating the PDF for a variable. Before those alternatives are discussed, 
probability distributions commonly used in PCE are presented. 

Descriptions of regular statistical terms can be found in Appendix 1.  

3.1.1 Common probability distributions 

Examples of common probability distributions used in PCE are normal, beta, 
beta Pert, lognormal, triangular and Weibull [14,15,26]. These are discussed 
in this section. They are all continuous [20]. Figures will be used to illustrate 
how the different distributions can take form. The width of a figure represents 
the range of values a variable takes, while the height represents probability. 

3.1.1.1 Normal distribution 

The normal distribution is the most important distribution in probability 
theory, partly since it describes many natural phenomena. Another important 
aspect is that as more and more arbitrary distributions are added; the resulting 
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distribution approaches a normal distribution [26,31]. The distribution is 
characterized by the following: Its mean is the most probable value, values 
below the mean are as probable as values above it and values near the mean 
are more probable than values far away [20]. This is illustrated in Figure 3.1. 

 

Figure 3.1. A normal distribution [20] 

A normal PDF is entirely determined by its mean and standard deviation [20]. 
This is shown in Equation 3.1, which represents that PDF. In the equation, μ 
is the mean value and σ is the standard deviation. [36] 

𝑓𝑓(𝑥𝑥) =  1
𝜎𝜎√2𝜋𝜋

𝑒𝑒(−12�
𝑥𝑥−𝜇𝜇
𝜎𝜎 �

2
)       (3.1) 

3.1.1.2 Beta distribution 

The traditional beta distribution only covers values in the range 0-1 [14]. Two 
parameters are the core of this distribution; alpha and beta. These tell if the 
distribution is skewed and in that case in which direction. If beta is greater 
than alpha the distribution is skewed to the left, and vice versa. A symmetrical 
distribution has identical alpha and beta values. A beta distribution skewed to 
the right is shown in Figure 3.2. 

 

Figure 3.2. A beta distribution [20] 

The PDF of the beta distribution varies depending upon which type is used. 
Equation 3.2 shows the PDF for the traditional one. The alpha value is 
represented by α, while β represents the beta value. Г is the gamma function, 
Г(a) = (a-1)! [53]. An example of a non-traditional beta distribution is the beta 
Pert distribution, which will be covered next. 

18 
 



 
𝑓𝑓(𝑥𝑥) =  Г(𝛼𝛼+𝛽𝛽)

Г(𝛼𝛼)Г(𝛽𝛽)
𝑥𝑥𝛼𝛼−1(1 − 𝑥𝑥)𝛽𝛽−1 ,𝛼𝛼 > 0,𝛽𝛽 > 0      (3.2) 

3.1.1.3 Beta Pert distribution 

A beta Pert distribution can be used in situations with limited information, but 
where knowledge about the lowest, highest and most likely values is 
available. Figure 3.3 illustrates such a distribution. 

 

Figure 3.3. A beta Pert distribution [20] 

Equation 3.3 shows beta Pert’s PDF. a denotes the lowest possible value, 
while b represents the highest possible value. [25] The remaining parameters 
were explained in the discussion about the beta distribution. 

𝑓𝑓(𝑥𝑥) =  Г(𝛼𝛼+𝛽𝛽)
Г(𝛼𝛼)Г(𝛽𝛽)

(𝑥𝑥−𝑎𝑎)𝛼𝛼−1(𝑏𝑏−𝑥𝑥)𝛽𝛽−1

(𝑏𝑏−𝑎𝑎)𝛼𝛼+𝛽𝛽−1
 , 𝑎𝑎 < 𝑥𝑥 < 𝑏𝑏,𝛼𝛼 > 0,𝛽𝛽 > 0     (3.3) 

3.1.1.4 Lognormal distribution 

 

Figure 3.4. A lognormal distribution [20] 

The lognormal distribution is used in situations where most of the values of a 
variable are centred near the lowest possible value [20], often when negative 
values are impossible [14]. The distribution has gotten its name since its 
natural logarithm is a normal distribution. Two parameters are used in 
general, the mean and the standard deviation. [11,20] Logarithmic means and 
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standard deviations may also be used. Some variants contain more than two 
parameters. [20,53] Figure 3.4 presents a lognormal distribution. 

Equation 3.4 [53] represents the general PDF when logarithmic means and 
standard deviations are used. The mean value is denoted μ and the standard 
deviation is denoted σ. 

𝑓𝑓(x) =  1
𝜎𝜎ln(𝑋𝑋)𝑥𝑥√2𝜋𝜋

𝑒𝑒
(− 

(ln 𝑥𝑥−𝜇𝜇ln(𝑋𝑋))2

2𝜎𝜎ln(𝑋𝑋)
2 )

,𝑥𝑥 > 0      (3.4) 

3.1.1.5 Triangular distribution 

A triangular distribution is used under similar conditions as a beta Pert 
distribution, the difference being that its curve is sharp. [20] An example of a 
triangular distribution is illustrated in Figure 3.5. 

 

Figure 3.5. A triangular distribution [20] 

The PDF is shown in Equation 3.5. A is the lowest possible value, B the 
highest possible value and C the most likely value. [36] 

𝑓𝑓(𝑥𝑥) =  �
2(𝑥𝑥−𝐴𝐴)

(𝐵𝐵−𝐴𝐴)(𝐶𝐶−𝐴𝐴)
 , 𝑥𝑥 < 𝐶𝐶

2(𝐵𝐵−𝑥𝑥)
(𝐵𝐵−𝐴𝐴)(𝐵𝐵−𝐶𝐶)

 , 𝑥𝑥 ≥ 𝐶𝐶
       (3.5) 

3.1.1.6 Weibull distribution 

The Weibull distribution is commonly used for reliability issues [6,20]. It 
consists of three parameters; shape, scale and location. The latter specifies at 
which y-value the distribution starts. With a shape parameter set to 1, the 
distribution becomes an exponential distribution. A shape parameter of 2 
gives a Rayleigh distribution. [20] For discussions of those distributions; refer 
to [36]. A shape parameter close to 3.6 makes the Weibull distribution 
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approach a normal distribution [36]. Since the distribution can take so many 
forms, no figure will be presented. Its PDF is given in Equation 3.6. α denotes 
the shape, c denotes the scale and γ denotes the location [6,36]. 

𝑓𝑓(𝑥𝑥) =  𝑐𝑐
𝛼𝛼
�𝑥𝑥−𝛾𝛾

𝛼𝛼
� 𝑐𝑐−1𝑒𝑒�−�

𝑥𝑥−𝛾𝛾
𝛼𝛼 �

𝑐𝑐
�, 𝛼𝛼 > 0, 𝑐𝑐 > 0, 𝑥𝑥 ≥ 𝛾𝛾 ≥ 0              (3.6) 

3.1.2 Estimation methods 

There are numerous ways to estimate the PDF of a variable. Some of the most 
known ones will be presented in this section.  

The most fundamental approach is to graphically try to match a data set with a 
PDF, but this often leads to misleading results [6,14]. There exist techniques 
for this approach though; a few can be found in Methods for Estimating the 
Parameters of the Weibull Distribution [6]. Another method is Neural 
Network. For an instance of its usage, refer to [34]. An additional approach is 
to use expert judgement and earlier experiences [14]. The concepts of Neural 
Network and expert judgement will be discussed later. As PDF estimation 
methods, none of the mentioned will be discussed though. 

The first methods up for discussion are distribution fitting methods. These 
aim to find the most suitable parameter values for a probability distribution, 
based on a data set [47]. Next, goodness-of-fit tests are brought up. Their 
purpose is to assess how well a PDF fits a data set, making it possible to test 
different probability distributions in order to identify the most representative 
one [14,20,47]. Finally, software capable of performing distribution fitting 
will be discussed. 

3.1.2.1 Distribution fitting methods 

Maximum Likelihood Estimation - The objective of Maximum Likelihood 
estimation (MLE) is to estimate the values of a PDF’s parameters in such a 
way that the likelihood of that PDF having produced a certain set of data is 
maximized [39,47]. 

Assuming several independent observations of a data set have been made, the 
likelihood of obtaining these observations can be obtained by multiplying 
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individual PDFs of different observations’ data samples. This is illustrated in 
Equation 3.7. [6,39,47] 

𝐿𝐿(𝑤𝑤) =  ∏ 𝑓𝑓𝑤𝑤(𝑥𝑥𝑖𝑖|𝑤𝑤)𝑛𝑛
𝑖𝑖=1         (3.7) 

In Equation 3.7 w denotes the sought parameter of the PDF, while xi is an 
individual observation. The goal is to maximize this likelihood (L(w)). When 
maximizing the logarithm of L(w), the same result is obtained. That approach 
is more convenient to use, since it transforms the product in Equation 3.7 into 
a sum, as illustrated by Equation 3.8. [39,47] Sometimes the solution to this 
maximization problem is gotten by deriving Equation 3.8 and setting its 
derivative to 0, but not always [6,39]. A numerical trial-and-error approach 
can often be used as a second option [39]. 

 ln𝐿𝐿(𝑤𝑤) =  ∑ ln𝑓𝑓𝑤𝑤(𝑥𝑥𝑖𝑖|𝑤𝑤)𝑛𝑛
𝑖𝑖=1        (3.8) 

An advantage of MLE is that it is unbiased once the number of samples 
approaches infinity. It is more efficient than other methods from that 
perspective. Its bias can be quite big for small amount of samples though. [39] 

Method of Moments - Method of Moments (MOM) can estimate common 
parameters of a data set, such as mean and variance. This is accomplished by 
setting up and solving equations with observed sample moments and 
theoretical moments. [47] 

MOM is not as effective as MLE, but may be used when the likelihood 
equations are very complex [47,62]. MOM’s estimations can fall outside the 
parameter range when using small samples [47]. 

Least Squares Method - Least Squares Method is one of the oldest methods 
within modern statistics and comes in several different forms. The most 
fundamental one is ordinary least squares. Examples of other alternatives are 
weighted least squares and alternate least squares. The objective is to 
minimize the sum of the squared errors between expected values and 
individual observations, i.e. minimizing ε in Equation 3.9. In order to this, the 
derivative of the equation should equal zero. Optimal values for a PDF’s 
parameters can then be obtained. [3] 

𝜀𝜀 =  ∑ (𝑋𝑋𝑖𝑖 − 𝑋𝑋�𝑖𝑖)2𝑛𝑛
𝑖𝑖=1         (3.9) 
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3.1.2.2 Goodness-of-fit tests 

When evaluating results from a goodness-of-fit test they are often compared 
with a distribution table for that particular test. From such a table, it is 
possible to estimate how likely empirical and theoretical distributions are to 
match. I will refer to distribution tables for different tests during the 
respective discussions on them. 

Chi-Square - The most commonly used goodness-of-fit test is Chi-Square 
(PC) [10,20]. Its distribution table can be found in Introduction to 
Econometrics [19]. When performing it, the range of possible values must 
first be split up into a number of equally probable intervals. Then, the 
expected amount of values in each interval is compared to the amounts from 
an actual observation. [20,47] A low PC value indicates a small difference 
between the theoretical and the actual distribution, i.e. a better fit. This is 
illustrated in Equation 3.10, where X2 is the PC value, i represents one 
interval, E is the expected amount of values and O is the observed amount of 
values. [10] 

𝑋𝑋2 = ∑ (𝐸𝐸𝑖𝑖−𝑂𝑂𝑖𝑖)2

𝐸𝐸𝑖𝑖
𝑛𝑛
𝑖𝑖=1        (3.10) 

Kolmogorov-Smirnov - The essence of a Kolmogorov-Smirnov (K-S) test is 
to determine the greatest vertical distance between a theoretical CDF and an 
observed one. The latter is a step function, in which the observations are 
ordered. [20,35]. K-S’s distribution table is presented in The Kolmogorov-
Smirnov Test for Goodness of Fit [35]. Equation 3.11 represents the test. 
Here, d is the K-S value (i.e. the maximum vertical distance), Sn(x) is the 
observed CDF and F(x) is the theoretical CDF. [35] 

𝑑𝑑 = 𝑚𝑚𝑎𝑎𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 | 𝐹𝐹(𝑥𝑥)−  𝑆𝑆𝑛𝑛(𝑥𝑥)|     (3.11) 

Anderson-Darling - An Anderson-Darling (A-D) test is quite similar to the 
one of K-S. Its distribution table is presented in A Modified Anderson-Darling 
Test for Uniformity [45]. One difference is that the A-D test gives vertical 
distances between edges of distributions greater importance than vertical 
distances between mid-ranges. [7,20] The A-D formula is shown in Equation 
3.12 [7], where An is the A-D value. The other parameters were explained in 
the K-S discussion. Another difference against K-S is evident from the 
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equation; A-D calculates the vertical distance based on the entire CDFs, rather 
than finding the maximum vertical distance. 

𝐴𝐴𝑛𝑛2 = 𝑛𝑛 ∫ �𝐹𝐹(𝑥𝑥)− 𝑆𝑆𝑛𝑛(𝑥𝑥)�2

𝐹𝐹(𝑥𝑥)�1−𝐹𝐹(𝑥𝑥)�
𝑑𝑑𝐹𝐹(𝑥𝑥)∞

−∞      (3.12) 

3.1.2.3 Software 

The Excel add-ins Crystal Ball [55] and Risk [56] have libraries of common 
probability distributions, from which the most appropriate one may be 
selected. Crystal Ball provides over 20 different distributions [20], while Risk 
provides over 35 [56]. If it is unclear which distribution to choose, it is 
possible to use the add-ins’ automated distribution fitting features. These are 
based on observed data entered by the user. [20,56] 

Crystal Ball can be taken as an example. It makes use of the goodness-of-fit 
tests discussed, in order to rank different distributions. The user can choose 
which of the tests to use, but also let Crystal Ball determine that. The 
program’s choice is based on numerous factors. [20] Some of those are 
discussed in Crystal Ball User’s Guide [20]. 

3.2 Project cost estimation 

This section starts by providing summaries of methods used within the PCE 
domain. These methods are then evaluated based on Company’s needs. The 
most promising one are discussed in more depth. A theoretical PCE model for 
Company concludes the section. 

3.2.1 Summaries of methods 

Summaries of several existing methods which can be used for PCE will be 
presented in this section. These methods vary in focus and are mostly not 
solely used for the purpose of PCE. 
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3.2.1.1 Expert Judgement 

Expert Judgement (EJ) is widely used in PCE. It is often used in combination 
with other estimation techniques, since estimations are based on knowledge in 
nature. There are numerous persons with skills relevant for cost estimation in 
a typical organization, e.g. engineers, economists and sales people. [49]  

Typical advantages of EJ in cost estimation are its speed and low cost. 
However, estimates are subjective in nature. Different estimators also have 
different levels of expertise, and even if they are equally skilful their estimates 
tend to vary. Moreover, it can be hard to validate such estimates, reuse them 
and understand the underlying reasoning behind them. [49] 

3.2.1.2 Activity-Based Costing 

Activity-Based Costing (ABC) is a common method, used by many 
manufacturing organizations. A main purpose of ABC is to allocate overhead 
costs to products based on activities necessary to produce those products. It is 
normally a product-oriented method, but is applicomponent in projects as 
well, as suggested by [48]. 

The ABC process consists of two major steps. During the first, resource costs 
are divided to cost pools corresponding to different activity categories. Every 
activity within an activity category is assigned a cost based on its volume in 
comparison with the total volume of that activity category. In the second step, 
activity costs are divided among products or services likely to be impacted by 
the particular activities. [48] 

In order to apply ABC to a project; a hierarchical structure is needed. The 
most common one is the Work Breakdown Structure (WBS) [48]. For a 
discussion on the WBS, refer to [1]. Items at the lowest level of the 
hierarchical structure are subjects for cost assignment using ABC [48]. An 
alternative approach is to create a separate structure, dedicated to cost 
estimation exclusively [48]. 

3.2.1.3 Case-Based Reasoning 

Case-Based Reasoning (CBR) makes use of specific knowledge obtained 
from prior problem cases in order to solve a current issue. General knowledge 
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is used when applicomponent, but the focus lies on actual cases. Another 
essential aspect is to learn from experiences encountered. [2] 

There are several variants of CBR, but they share fundamentals. To begin 
with, the problem must be identified. Once it has, a previous case dealing with 
a similar issue shall be found and utilized to propose a solution. Previous 
cases are stored in a system. An obtained solution shall be evaluated, before 
finalizing the CBR process by updating the system with the current case. [2] 

CBR is used in varying domains. There are examples demonstrating its usage 
in PCE. For instance, [37] presents how CBR is used to solve cost estimation 
of drilling well projects. It is argued by [37] that CBR is most useful in early 
project stages, since it can provide estimates despite limited insight in how a 
project is going to turn out. 

3.2.1.4 Fuzzy Logic 

Fuzzy Logic (FL) is used in many different areas [29]. One instance of its 
usage within PCE can be found in Development of project cost contingency 
estimation model using risk analysis and fuzzy expert system [29], where it is 
used in combination with risk analysis in a model that takes coincidences into 
consideration. The fundamental idea of FL is the "if-then" rule; meaning a 
certain condition results in a certain action [29]. There are other rules too, e.g. 
"not", "and", "or" and "if and only if". Several rules grouped together are 
termed a rule base. A so called inference mechanism can be used to determine 
the output from a rule base. [30] 

Other important terms are fuzzy sets and fuzzy membership functions. A 
fuzzy set differs from an ordinary set, where the boundaries are strict. For 
instance, an ordinary set can consist of numbers smaller than 20, while a 
fuzzy set may contain short people. To classify whether a person is a member 
of such a set is sometimes difficult. Membership functions are used to address 
this issue, by determining a degree of membership for a certain height. [30] 

3.2.1.5 Monte Carlo simulation 

Monte Carlo simulation (MCS) is a widely used simulation technique with 
many application areas, one of them being PCE [14,40,52]. It is a 
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probabilistic model capable of performing a large amount of simulations in 
order to obtain a probability range. [14] 

The simulation process generally consists of the following steps: data 
collection and estimation, generation of random numbers, model formulation, 
analysis and visual presentation. [14] During the data collection and 
estimation it is typical to use historical data and previous experiences [14]. A 
variable’s lowest possible value, its highest possible value, its most likely 
value and its PDF commonly need to be estimated [40]. 

Once estimations are made, a random-number generator is used to obtain one 
random number from each variable. These numbers lie within the possible 
ranges for each variable. The generation is based on the variables’ PDFs. This 
is the actual simulation, and is repeated for a number of times, creating a total 
PDF. [40] A large amount of repetitions means a valid outcome, but takes 
more time [14]. The outcome is finally analysed, by visually presenting it. 
Graphs and/or tables can be used for instance [14,40]. 

3.2.1.6 Genetic Algorithm 

Genetic Algorithm (GA) is applied in many areas. Its main purpose is to 
provide powerful searches in complex environments. [21] Information 
searching is not typically associated with GA. It is rather used to search for 
solutions to problems, or paths to a given goal. [38] 

The main GA process starts by generating a random population of 
chromosomes. These typically represent candidate solutions to a problem. 
Next, the quality of each candidate solution is determined, i.e. how well it 
solves the problem. New candidates are then created, often by crossing two 
existing ones. During this creation, current candidates with high quality are 
most likely to be selected. The evaluation-creation process continues for a 
number of times, often between 50 and 500. [38] 

GA is mainly used together with other methods in PCE. The authors of [21] 
discuss a model where GA is combined with a type of Neural Network (NN), 
while [13] introduces a hybrid method, Evolutionary Fuzzy Hybrid Neural 
Network (EFHNN). These two will be discussed next. In both cases, GA’s 
purpose is to optimize the results from the other methods [13,21]. 
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3.2.1.7 Neural Network 

Neural Network (NN) is vastly used, e.g. in banking, manufacturing and 
defence. Examples illustrating the usage of NN within the cost estimation area 
have been discussed; in conjunction with GA [21] and as a part of the hybrid 
EFHNN model [13]. Additional usage instances are presented in Cost 
estimation of highway projects in developing countries: Artificial Neural 
Network approach [50] and Conceptual cost estimation of building projects 
with regression analysis and neural networks [51]. Software is frequently 
used when dealing with NN. For instance, there exists an NN tool box for 
Matlab. [18] 

NN contains elements, or neurons, working in parallel with each other. The 
neural network’s function is to a large extent based on how neurons are 
connected. A network may be trained to perform a desired function by 
adjusting the connections. It is common to set a targeted output the network’s 
input is supposed to lead to. NN will in that case tune the connections, 
through numerous iterations, until the output matches the target. [18] 

The simplest and most fundamental type of neuron is the one which receives a 
single scalar as the input and creates the output by adding a weight to it. The 
type of operation a neuron performs is called a transfer function. In the NN 
tool box mentioned, there are numerous transfer functions. It is possible for 
the user to create new transfer functions. [18] 

3.2.1.8 Evolutionary Fuzzy Hybrid Neural Network 

Evolutionary Fuzzy Hybrid Neural Network (EFHNN) is developed by the 
authors of [13], and incorporates several of the methods discussed. It is 
developed for the purpose of cost estimation in the construction industry [13]. 

EFHNN briefly works as follows: Neural networks are first integrated with 
high-order neural networks. The latter uses nonlinear connections, causing the 
integrated model to vary between the usage of that type of connections and 
linear ones. The objective of using nonlinear connections is to take into 
account correlations between neurons of different layers. Fuzzy Logic is 
thereafter applied. The purpose of FL is to deal with uncertainties. Finally, 
GA is used for optimization. Examples of GA optimum searches include 
searches for FL membership functions and high-order NN parameters. [13] 
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3.2.1.9 Hierarchy Probability Cost Analysis 

Hierarchy Probability Cost Analysis (HPCA) is a method solely developed for 
the purpose of project cost estimation. It is developed and presented by [26]. 
HPCA uses probabilistic estimating. An actual project involving engineering, 
procurement and construction is used as a reference. The method’s aim is to 
resolve some of the common issues in cost estimation, e.g. the "garbage 
in/garbage out" principle and neglecting correlation between cost items. [26] 

HPCA makes use of seven layered WBS, which serves as an input to the cost 
estimation process. Before the actual estimation process begins, correlations 
between cost items are determined. During the estimation, the mean value of 
the total project cost is determined by summing mean values of individual 
costs items, which in turn are random based on predetermined PDFs. The 
project cost’s variance is dependent on variances of individual cost items, as 
well as on correlations between them. [26] 

A suggested extension of the HPCA is referred to as the Hierarchy integrated 
Probability Cost Analysis (HIPCA) method. Its idea is to neglect possible cost 
underruns, since they often cannot compensate for cost overruns anyway. [26] 

3.2.1.10 Regression analysis 

Regression analysis (RA) is a common method in statistics. Its purpose is to 
establish how one or several independent variables affect a dependent 
variable, mostly by using observations as inputs. Each independent variable is 
generally multiplied by a parameter, with the purpose of finding a relationship 
that best describes how changing the independent variables affect the 
dependent variable. [46] RA is quite often used in PCE, when trying to assess 
to which extent different variables affect the project cost. Usage instances can 
be found in Project cost estimation using principal component regression [12] 
and Conceptual cost estimation of building projects with regression analysis 
and neural networks [51]. 

The plainest form of regression is linear regression. The parameters added to 
the independent variables are constants. These independent variables are 
entirely independent of each other, not just of the dependent variable. The 
objective is then to find a straight line that best represents the actual 
relationship, by minimizing the deviations. [46] 
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An issue which needs to be considered in RA is that some of the independent 
variables can be correlated. A solution to this problem is principal component 
regression, which is discussed in Project cost estimation using principal 
component regression [12] and Applied Regression Analysis: A Research Tool 
[46]. 

3.2.2 Evaluation of methods 

In this section the PCE methods of the previous section will be shortly 
evaluated. A few of them will be chosen for deeper discussion. The chosen 
methods are the ones most likely to contribute to the ultimate model, i.e. have 
the best chance of fitting Company’s needs. Parts of other methods may be 
used in that model occasionally. In those cases, the summaries in the former 
section will suffice as theoretical bases. 

When it comes to Company’s needs; the main identified issue is the usage of 
deterministic estimates. The natural way to resolve it is to use probabilistic 
estimates. Therefore, methods unsuited for probabilistic estimates are unlikely 
to provide a significant contribution to the ultimate model. The same goes for 
methods appearing to be complex, as they may decrease the model’s usability. 

Table 3.1. Choice of methods for further discussion. 
 

Method Chosen Key-words 
EJ No Always used, self-explanatory 
ABC No Insight in competitor activities needed 
CBR No Unique projects, self-explanatory 
FL No Membership degrees – not probabilistic 
MCS Yes Probabilistic, widely used, pre-work needed 
NN No Widely used, complex 
GA No Used with rejected methods, complex 
HPCA Yes Probabilistic, known concepts, not adopted 
RA No Deterministic, wrong focus 
EFHNN No Incorporates rejected methods, complex 

 

Table 3.1 summarizes this section by listing the PCE methods and whether 
they are subjects for further discussion. A few key-words describing the 
method are listed as well. As the table indicates, MCS and HPCA will be 
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discussed in more detail. Those discussions take place in the two upcoming 
sections. The remainder of this section presents the method evaluations. 

EJ - EJ will be utilized throughout the estimation process at Company, 
regardless of the model being used. Considering it is rather used in 
conjunction with other cost estimation methods, and since it quite self-
explanatory, it will not be a subject to further discussion. 

ABC - ABC does not put any effort on the insecurity of estimates by nature. 
Plus, for the method to be beneficial an eventual user needs to have insight in 
Company’s competitors’ activities. The method is unlikely to resolve any 
issues and will not be discussed further.  

CBR - Recall that the main idea with CBR is to utilize knowledge from 
similar experiences. Although this may be useful, projects differ greatly from 
each other. The method is partly used already, since expert judgement and 
historical project data is used in the estimation process. For these reasons, it 
will not be discussed any more. 

FL - FL takes grey zones into account, but with focus on membership degrees 
instead of probabilities. There exist methods which are likely to be more 
suitable for dealing with probabilistic estimates. The method will not be 
discussed any further. 

MCS - MCS is widely used, and incorporates probabilistic estimates. Even 
though it is not mainly used for PCE, it is used quite often in the domain. A 
drawback is that quite much pre-work is needed, but MCS is capable of 
producing a valid project cost picture if that is handled. The method is worth 
investigating further since its output has the potential of being what Company 
needs [61]. 

NN - NN is widely used too. However, it is hard to get a good understanding 
of.  More studying is needed if it is to be used in the final model. NN’s 
complexity also allows room for questioning its impact on the usability. 
Because of this, NN will not be discussed further. 

GA - GA appears to be complex, and will not be discussed more. There are a 
few other reasons for this. The most apparent one is that it is commonly used 
together with methods which have already been rejected. 
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HPCA - HPCA is a probabilistic method developed for the sole purpose of 
PCE. The main issue is that it does not seem to be adopted by anyone else 
than its developers. On the other hand, its concepts are well known. Much due 
to this, HPCA can be quite easy to understand for a potential user. For these 
reasons, it will be discussed more thoroughly. 

RA - When it comes to RA, it is deterministic in nature. It could be used to 
estimate variables’ influences on the total project cost. This is not the issue at 
Company, so the method will not be examined further. 

EFHNN - EFHNN incorporates methods that all have been rejected. 
Therefore, it will not be discussed more. 

3.2.3 Monte Carlo simulation 

The MCS’s concepts, implementation alternatives, benefits and issues will be 
discussed in this section, as well as a few alternative methods. 

3.2.3.1 The process 

As indicated earlier, pre-work is needed for the simulation to run accurately. 
Historical data needs to be collected. Previous experiences and expert 
judgement might also be utilized. [14] 

The output from the data collection and estimation serves as input to the 
simulation. As mentioned, there are four types of information which mostly 
need to be extracted out of the available data [20]. The mean value, the 
highest possible value and the lowest possible value are generally estimated 
fairly easily [40]. A PDF is harder to estimate, and often requires statistical 
knowledge [40].  

Estimating probability distribution functions - The process of estimating 
PDFs is crucial in probabilistic estimation, not just in MCS [14,15,26,62]. For 
a discussion on PDF estimation, refer to that section of the report. 

Number of simulations - An actual simulation process can start once the data 
above has been produced. The amount of simulations which will suffice 
depends on the aimed accuracy. A high amount of simulations means a high 
accuracy, but takes longer time to complete. One way to calculate the number 

32 
 



of required simulations is to use Equation 3.13, which determines the amount 
of simulations based on a 95 % confidence interval and the mean percentage 
error aimed for [14,15]. 

𝑁𝑁 =  � 196
% 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑖𝑖𝑛𝑛 𝜇𝜇 

�
2
𝛿𝛿2       (3.13) 

In Equation 3.13, % Error in µ denotes the chosen mean percentage error and 
δ equals the quotient between the expected standard deviation and the 
expected mean value. 

Random number generation - The simulation’s base is the generation of 
random numbers from the provided PDFs. A random number generator is 
used [40]. It is not truly random in nature, but rather uses sequences of 
numbers appearing to be random. These types of random numbers are referred 
to as pseudo-random numbers. An example of a random number generator is 
the RAND() function in Excel [42].  

A straightforward way to generate random numbers from a given PDF is to 
use the inverse transformation method. The idea of this method is to use the 
inverse of a CDF corresponding to a particular PDF, to convert a uniformly 
distributed random number between zero and one to a random number of that 
PDF. [47,62] An example illustrating this process is found in Appendix 2. 
Some other techniques for generating random numbers can be found in 
Introduction to Monte Carlo Simulation [47]. 

Presentation and analysis of results - The simulation’s outcome shall be 
analysed. As mentioned in the summary of MSC, graphs and/or tables can be 
used to illustrate the results. These may be generated by hand or automatically 
by software [47]. 

3.2.3.2 Implementation alternatives 

There are several alternatives available for implementing MCS. A software 
program in a high-level programming language may be implemented to 
produce an MCS capable of fitting the user’s needs. [47] 

Another alternative is to use add-ins to spread sheet programs, such as Excel. 
Those add-ins are often capable of performing a simulation and generate 
output charts based on the input the user puts in. A few commercial examples 
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include Crystal Ball, @Risk and Solver. [47] For detailed information about 
the features of these add-ins; refer to their respective home pages [55,56,60]. 

A third option is to use Excel manually to generate an amount of random 
numbers based on a known PDF, thus performing a simulation. As previously 
discussed, the RAND() function can generate random numbers. Examples of 
distributions included in Excel are normal, lognormal and Weibull. [42] 

3.2.3.3 Benefits and issues 

One of the main benefits of MCS in terms of PCE is that a good 
approximation of the project cost can be obtained, by simulating all the sub 
costs enough times and adding them [1,14,15]. Another benefit is the fact that 
the entire estimate range is obtained, rather than deterministic estimates 
[33,56]. The method is also easy to understand and use [33,47], and is 
particularly beneficial when dealing with complex issues which statistical 
methods fail to handle [8,15]. 

Two issues which have been resolved quite well are the simulation time and 
lack of software tools capable of performing the simulation. The speed of 
computers has improved dramatically, thus decreasing the simulation time. 
Software add-ins are also available, as previously discussed. [33] One major 
issue is still pressing though, namely that the simulation’s output is only as 
good as its input [33]. Two sensitive inputs are PDFs [14,15,33] and 
correlations [14,15]. 

3.2.3.4 Other alternatives 

Latin Hypercube sampling - Latin Hypercube sampling (LH) is a method 
pretty similar to MCS. The difference is that a variable’s PDF is divided into a 
number of intervals, each with equal probability. During the random number 
generation, an equal amount of values is selected from each interval. 
[15,20,27] Compared to MCS, LH causes the entire distribution to be sampled 
more evenly. The method is therefore more accurate. It requires more memory 
though. [20] LH should mainly be used for complex issues [27]. 

Convolution - PDFs of different variables can be added into one 
mathematically by making use of convolution, assuming the variables are 
independent [5]. The concept of convolution is clarified in Digital Signal 
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Processing: Principles, Algorithms and Applications [44]. An issue with 
mathematical techniques, such as this one, is that they become increasingly 
difficult to use as problems become more complex [8,15]. 

If this approach is chosen, it is beneficial to make use of the relationship 
between the convolution formula and the Fourier Transform (FT). The PDFs 
of the different variables are then transformed into the frequency domain by 
FT. The transformed PDFs are multiplied. Finally, the product is inversely 
transformed back into the time domain, giving the total PDF. [44] 

3.2.4 Hierarchy Probability Cost Analysis 

HPCA’s concepts are to be discussed in this section. A possible extension of 
the method is also presented, along with a few benefits and issues. 

The purpose of HPCA is to resolve some frequent issues within the cost 
estimation domain. Three major factors contributing to high project costs and 
cost overruns are identified by the developers of the model: Garbage input, 
the “Money allocated is money spent” (MAIMS) principle and invalid 
mathematics. An example of the latter is to neglect the correlation between 
cost items when calculating the total cost. By doing this, the variance will be 
underestimated. [26] 

3.2.4.1 Work Breakdown Structure 

As mentioned in the summary of the method, HPCA uses a seven layered 
WBS as its hierarchical structure. The seven layers are denoted L0-L6. The 
method focuses on the EPC (Engineering, procurement and construction) 
industry, which this particular WBS structure does as well. The first layer 
(L0) represents the entire project, while the second layer (L1) contains one or 
several of the three EPC phases just mentioned within the parentheses. L2 
consists of sub phases. L3 is referred to as the unit layer. The next layer (L4) 
holds the various disciplines participating in the project, such as architectural, 
piping and civil. L5 contains the work packages subordinate to L3. These are 
representing the lowest layer in a common WBS [1], but not in this one where 
the lowest layer (L6) consists of subordinates to the work packages, namely 
activities. Another difference compared to a common WBS is that not all 
layers are connected in a sequential descending order [1]. A graphical 
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illustration of the HPCA WBS might be clarifying for the reader. Figure 3.6 
provides one, showing the connections between the different layers. [26] 

 
 

Figure 3.6. Layer connections in an HPCA WBS 

3.2.4.2 Estimating probability distribution functions 

Just as estimating PDFs is a crucial aspect of the MCS, it is so here too. The 
same four attributes that generally serve as input to a MCS are brought up in 
this instance as well. However, it is suggested that estimators should estimate 
10- , 50- and 90-percentiles rather than extreme values. The developers of 
HPCA recommend using the MCS on L4 of the WBS to obtain a preliminary 
PDF of the project cost. After that, experts within various disciplines will tune 
the estimates of the costs related to their respective disciplines. [26] 

3.2.4.3 Correlation between cost items 

Recall that neglecting the correlation between variables will lead to an 
underestimate of the variance of the total project cost. Two common methods 
for determining the correlation between variables are presented by the 
developers of HPCA. Pearson’s ordinary product-moment correlation 
coefficient can be used for probabilistic variables, while Spearman’s rank 
correlation coefficient only handles deterministic correlations. The latter can 
be used when the distribution of a variable makes Pearson’s correlation 
coefficient unjustified. For a more detailed description of these methods, and 
a few others, refer to [9]. The authors of [26] suggest that it is better to use the 
rank correlation coefficient than to not use any coefficient at all, despite it 
handling deterministic correlations. It is also pointed out that correlation 
coefficients between the extreme ones should be used in general, rather than 
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extreme ones themselves (zero and one), since that will often lead to 
optimistic or pessimistic estimates. [26]  

3.2.4.4 Calculating the project cost 

Usage of too many cost items in the cost estimation process has drawbacks. 
The probability of obtaining misleading results increases. A false sense of 
confidence tends to appear. More cost items also leads to a deeper analysis 
and hence more work. On the other hand, using too few cost items may not be 
representative enough. HPCA attempts to resolve this issue by focusing on 
three levels of the WBS: L2, L3 and L4. This is done by calculating sub costs 
where L2 and L3 elements are kept fixed, while the discipline level (L4) 
varies and goes through all the disciplines. Equation 3.15 [26] illustrates how 
such a sub cost is calculated. 

𝐶𝐶𝑞𝑞𝑞𝑞 =  ∑ 𝑚𝑚𝑞𝑞𝑞𝑞𝑘𝑘𝑛𝑛
𝑘𝑘=1        (3.15) 

In Equation 3.15, q refers to L2 (q=1, 2, …, n), l refers to L3 (l=1, 2, …, n) 
and k refers to L4 (k=1, 2, …, n). 𝑚𝑚𝑞𝑞𝑞𝑞𝑘𝑘  denotes a cost element and Cql represents 
the sub cost. [26] The mean value of Cql is obtained by simply summing the 
mean values of the cost elements, while the calculation of the variance must 
take the correlation between cost elements into consideration. How this is 
done is discussed in Hierarchy probability cost analysis incorporate MAIMS 
principle for EPC project cost estimation [26]. 

The mean value and the variance of the total project cost are estimated based 
on mean values and variances of the sub costs. For a complete discussion on 
how this calculation shall be performed, refer to [26]. 

3.2.4.5 Hierarchy integrated Probability Cost Analysis 

The purpose of the HIPCA extension is to neglect potential cost under runs. A 
main reason for doing so is as mentioned that cost under runs are rarely 
available to compensate for cost over runs. Another reason is that it is 
uncommon to under run the allocated budget. [26] 

The modification is simple; the lowest possible project cost is adjusted to 
equal the allocated budget. The modified PDF has a higher mean value than 
the ordinary PDF, but a lower variance. It is stated by the authors of [26] that 
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the HIPCA method provided better estimates than the HPCA method for the 
project they examined. 

3.2.4.6 Benefits and issues 

HPCA’s benefits are identified by the developers themselves. Main ones 
brought up are avoidance of too many cost items and utilization of expert 
judgement and historical information. [26] 

To implement systems thinking is the most challenging task. Another issue 
concerns the estimation of the lowest, highest and most likely values of a cost 
item, or the 10- , 50- and 90-percentiles of that cost item. The issue here is the 
lack of a system showing why those values or percentiles are estimated as 
they are, as well as keeping track of how they change over time. [26] 

3.2.5 Theoretical project cost estimation model 

The purpose of this section is to establish a theoretical PCE model, based on 
the past discussions of this paper. An aspect worth stressing is that not all the 
functionality discussed here will be implemented in this degree project due to 
practical issues, such as time constraints and lack of data. Differences 
between this model and the implemented one will be analysed later. 

Figure 3.7 gives a brief overview of the model. The black boxes and arrows 
illustrate one flow, i.e. how one sub cost is estimated and becomes part of the 
simulation eventually leading to the total project cost. Shaded and dashed 
components show that there are numerous elements on each level. 

Cost breakdown structure - A type of WBS, namely a cost breakdown 
structure, serves as an input to the cost estimation process. The first level 
consists of different departments, e.g. installation and manufacturing. This 
concept is taken from HPCA. The more complex WBS from HPCA is not 
used, due to the fact that it likely decreases the usability of the model.  

Costs within different categories are broken down in two levels in the figure. 
That particular breakdown is just an example breakdown though. The number 
of levels can vary for different departments, depending on which costs they 
have. However, the amount of levels should not be too many, as suggested by 
HPCA, in order to keep the model’s complexity down. 
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Figure 3.7 Overview of the PCE model 

Probability distribution function estimation - The costs at the lowest levels 
are subjects to PDF estimation. Statistical tests on previous project data shall 
be used when possible, as recommended by the literature. Distribution fitting 
methods should be used on data sets to estimate the parameters of 
distributions appearing to be possible. Maximum Likelihood Estimation or 
Least Squares Method shall be used due to Method of Moment’s inefficiency. 
If several probability distributions have been tested, a goodness-of-fit test 
shall be used to see which one appears to be most suitable. The three different 
goodness-of-fit tests presented tend to produce similar results, which one that 
is used does generally not matter much [62]. 

Expert judgement should be used as well, by utilizing knowledge within 
departments when performing the estimations. 

Correlations - Once PDFs are estimated for all costs correlations between 
them shall be taken into consideration. Correlations, or lack of correlation, 
can on occasion be determined without using any mathematical technique. If 
one needs to be used, Pearson’s ordinary product-moment correlation 
coefficient shall be used whenever possible, since it can handle probabilistic 
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variables. Spearman’s rank correlation coefficient can be seen as an 
emergency solution. 

Simulation - PDFs of all the costs, as well as correlations between them, 
serve as inputs to a simulation. In other words, an MCS is performed. The 
simulation provides an approximation of the PDF of the total project cost. 
This technique is chosen mainly since it can provide representative results 
despite its simplicity. 

Presentation - When the simulation is performed, mean values and standard 
deviations of the competitors’ project costs shall be listed. Graphs showing 
the probability distributions for the total project costs shall be presented. A 
few percentile values (e.g. 10, 50, and 90) should be listed as well. 

Implementation environment - An alternative would be to use one of the 
excel add-ins discussed, since they can handle PDF estimations and 
simulations. However, it should be possible to make changes to the model, 
permanent ones as well as project specific ones. The model shall instead be 
implemented using a high-level programming language. The environment 
should be familiar to its potential users, e.g. Excel or Matlab. 

3.3 Pricing 

The section starts with a discussion on what some literature refers to as the 
main pricing approaches. A probabilistic pricing method incorporating parts 
of the different main approaches is discussed in some detail after that. This 
method is known as customized pricing. 

There are software tools dedicated to pricing. These will not be discussed in 
this report though. The interested reader can find information about two 
common ones, PROS and Revionics, at their home pages [57,59]. 

3.3.1 Main pricing approaches 

Pricing strategies may typically be categorized in one of three main 
approaches; cost-based pricing, competition-based pricing and value-based 
pricing [28,32]. The cost generally sets the floor of the price, the value 
perceived by the customer sets the price’s ceiling, while the competition and 
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other factors impact where between the two extremes the price falls [32]. The 
three pricing approaches, including different pricing techniques within each 
approach, are discussed in this section. 

3.3.1.1 Cost-based pricing 

When using a cost-based pricing approach the product or project cost serves 
as the base [24]. The demand and competition acquire no or small focus, 
which generally is unlikely to lead to the best price [24,28,32]. It is normally 
easier to find valid cost related data than data regarding demand or 
competition though [28,32]. A few cost-based pricing techniques are 
explained shortly next. 

Cost-plus pricing - The idea of cost-plus pricing is to add a determined 
margin or mark-up to the total cost, no matter the size of the cost [24,32]. 

Break-even analysis & Target profit pricing - In a break-even analysis the 
sales price that will cover the total cost is sought. Target profit pricing is a 
technique working similarly. The difference is that its goal is to find a sales 
price which yields a pre-determined profit. [32] 

3.3.1.2 Competition-based pricing 

In a competition-based approach, a company assesses its competitors. The 
company might for instance assess if a competitor is likely to try to improve 
their competitive position, which probably would cause that competitor to 
price cheaper [43]. The competitors’ prices often serve as bases to the pricing 
process [24,32]. An aspect which may be important is to be able to show the 
customer that the company’s own offers provided more value for the money 
than the competitors’ offers. This might allow the company to go for a higher 
price. One disadvantage of the approach is possible losses due to the disregard 
of the own costs. [24] Next follows a discussion on a few competition-based 
pricing methods. 

Going-rate pricing - A company using going-rate pricing bases its prices on 
competitors’ prices. The price might lie below, equal or lie above the 
competitors’ prices. However, the difference is constant, meaning that if the 
competitors change their prices so does the company itself [32]. 
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Price to increase customer base - Sometimes the aim is to increase the 
customer base rather than maximizing the revenues of a particular sale. In that 
case the pricing should reflect this, typically leading to a price lower than the 
ones of the competitors. [24] 

Sealed-kid pricing - Sealed-kid pricing is applied in situation when a number 
of companies compete for a contract. A company typically tries to set its price 
below the competitors’ prices in order to gain a competitive edge. The price 
cannot be set to low though, since that means lower winnings or losses. It 
cannot be too high either, due to the increased risk of losing the contract. [32] 

3.3.1.3 Value-based pricing 

The core of value-based pricing is how the customers’ value a certain offer. 
Pricing starts before development, which typically is the opposite of the 
process used in cost-based pricing techniques. [32] This goes hand in hand 
with the concept of value driven design, which is discussed in Value-Driven 
Design [16]. 

Knowledge about customers’ values is not always possessed [28]. Several 
techniques for examining those values are available. Some of these are 
discussed below. 

Expert interviews - Experts within an organization can supply their views of 
what customers are likely to value. Brainstorming meetings may be held. It is 
important that experts reach similar conclusions; otherwise it is difficult to 
form strategies. [28] 

Focus groups - Customer groups of around ten people can be used to gain 
some insight in which features provide the highest values. It is also possible to 
get indications of reasonable price ranges. [28] 

Conjoint analysis - The purpose of a conjoint analysis is to get an indication 
of which attributes of an offering the customers value most [22,28]. Once 
performing the analysis, a survey with several complete offers shall be 
provided to the customers. Some attributes are common to different offerings, 
while others differ. Customers grade each offer according to how likely they 
are to purchase it. Statistical analyses are ultimately performed to grade the 
different attributes. [28] 
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Value-in-use assessment - Once an offer is out on the market, users of it can 
be observed or interviewed to discover if there any needs the offer did not 
successfully meet. This technique may uncover needs that were not initially 
discovered. [28] 

Cost-in-use analysis - A cost-in-use analysis focuses on evaluating what 
different offers will cost during their life-cycles, i.e. after a customer 
purchase. [22] If the selling company can demonstrate a low such cost to the 
customer, he or she might accept a higher price. [32]  

Importance ratings - The idea with importance ratings is to let customers 
grade different attributes of an offer, according to the attributes’ importance 
[22,28]. By doing this for several offers, they can be compared to each other. 
The results may also indicate that an offer does not fulfil customers’ needs, or 
that it has features customers do not desire. [28] 

A method incorporating some of the techniques discussed above is Customer 
Value Accounting. For a discussion on that method, refer to [22]. 

3.3.2 Customized pricing 

In this section the concept of customized pricing is discussed. It is an 
approach mostly used in business-to-business markets with configurable 
products [4,41]. A customer often approaches a seller with a product request. 
The seller must then evaluate the request and decide whether to accept it. If he 
or she chooses to do so, the price must be determined. For customized pricing 
to work, the person responsible must be allowed to vary the price based on 
customer characteristics, types of offers and sales channels [4,41]. These three 
attributes can vary in numerous ways. Each combination of the three is 
referred to as a pricing segment. [41] 

The core of customized pricing is to find the price that best balances the profit 
and the probability of winning. A high sales price means a high profit, but a 
low probability of winning, and vice versa. [4,41] 

Next, the process of customized pricing is discussed, followed by additional 
features that could be implemented. Two particular models are finally 
discussed. These are termed customized-price bid-response models [4]. 
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3.3.2.1 The customized pricing process 

Customized pricing consists of five sub processes, namely the ones listed 
below [41]. These sub processes are discussed on this section. 

• Market segmentation 
• Bid-response function estimation 
• Calculation of incremental profit 
• Optimization 
• Monitor and update 

Market segmentation - The objective of market segmentation is to identify a 
number of pricing segments, according to how customer characteristics, types 
of offers and sales channels vary. For instance, five possible variants of each 
of those three attributes would lead to 125 possible pricing segments. [41] 

However, practical limitations or considerations typically decrease the amount 
of pricing segments. Lack of information is an example of a common 
limitation, i.e. a seller cannot differentiate two possible segments if it is not 
known how the differences between them impact the pricing. Another 
delimiter is when customers want an open and simple pricing process. [41] 
Several other factors can be found in Customized Pricing [41]. 

Bid-response function estimation - The bid-response function gives the 
probability of winning in a certain pricing segment, for each price. This 
function is hard to estimate due to two main insecurities. First, it is often not 
known how competitors’ bids take form, or even who the competitors are. 
Second, the buyer may not choose the seller with the lowest price, but rather 
base his or her decision on other factors [4]. What those factors are is not 
always clear. [41] 

It is possible to estimate a bid-response function using a binary regression 
analysis, assuming there exists sufficient win-loss data for historical bids. For 
those bids, each pricing segment should be listed, along with the price offered 
to the customers and whether the bid was won or lost [4,41]. Using the 
regression analysis, a modified bid-response function can be developed. This 
function does not base the probability of winning solely on the price, but on 
other impacting factors too. [41] 
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Calculation of incremental profit - The incremental profit equals the 
expected profit if a bid is won, minus the expected profit if a bid is lost. [41] 

Optimization - Assuming the goal is to maximize the expected profitability, 
the optimization problem in Equation 3.16 shall be solved. In the equation, 
each i represents a pricing segment. C is the expected amount of customer 
requests during a certain period of time. p is the price, or a combination of 
factors that impacts the probability of winning. B is the bid-response, i.e. the 
probability of winning, while I is the incremental profit. Note that both B and 
I are functions of p, and that the expected profitability is proportional to the 
product of them. [41] 

𝑀𝑀𝑎𝑎𝑥𝑥 ∑ 𝐶𝐶𝑖𝑖𝐵𝐵𝑖𝑖(𝑝𝑝𝑖𝑖)𝐼𝐼𝑖𝑖(𝑝𝑝𝑖𝑖)𝑛𝑛
𝑖𝑖=1      (3.16) 

There are several factors capable of impacting the optimization though, some 
can be found in Customized Pricing [41]. An example is when the seller 
wishes to sell a minimum number of goods, which could harm the 
profitability [41]. 

Monitor and update - A market must be monitored since changes can impact 
the prices. Changes can be such as competitor actions and new customer 
values. Prices should be updated to reflect those changes. [41] 

3.3.2.2 Additional features 

In this section some possible enhancements to customized pricing will be 
discussed. A few additional ones can be found in Customized Pricing [41]. 

Alternative optimization functions - Sometimes the objective is not to 
maximize the expected profitability. Possible objectives can e.g. include 
keeping or increasing the market share and maximizing the expected revenue. 
In those cases, Equation 3.16 shall be modified. [41] 

Changing competitor prices - The normal bid-response function assumes 
competitors will price the same way as they have done for previous bids. If it 
is known that they price differently for a current bid, the bid-response 
function should be changed to take this into consideration. [41] 
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Selecting segments - It is not always profitable to sell to certain pricing 
segments. When this is the case, an additional parameter can be added to the 
product in Equation 3.16. This parameter is a binary vector. The elements 
normally have the value one, but are set to zero in case the corresponding 
pricing segments are deemed unprofitable. [41] 

Negotiations - Normally, customized pricing assumes an offered price is 
final. Negotiations between sellers and buyers are possible though. An 
acceptable price range should be provided in those cases, instead of an 
optimal price. [41] 

3.3.2.3 Customized-pricing bid response models 

Two common customized-pricing bid response models are quite briefly 
discussed in this section. Their bid-response functions are what completely 
characterize them and separate them from general customized pricing [4]. For 
a more detailed discussion, refer to [4]. 

Logit function - The Logit function is given in Equation 3.17 [4]. In this 
equation, a contains all factors unrelated to the price, while b holds price 
related factors [4]. An example of a factor unrelated to the price is the order 
size [4]. The remaining parameters were explained in connection to Equation 
3.16. Note that the Logit function is calculated for all the pricing segments. 
This differs from standard customized pricing, where different pricing 
segments can have different bid-response functions. 

𝐵𝐵(𝑝𝑝) =  1

1+ 𝑒𝑒∑ 𝑎𝑎𝑖𝑖+ ∑ 𝑏𝑏𝑖𝑖
𝑛𝑛
𝑖𝑖=1 𝑝𝑝𝑛𝑛

𝑖𝑖=1       (3.17) 

An advantage of the function is that it is easy to add additional factors 
influencing the segmentation, such as the competitors’ prices. [4] 

Power function - Equation 3.18 shows the Power function. Here, r is the 
quotient between a seller’s price and its competitors’ prices. o indicates how 
important the price is for the buyer. A higher value means a higher 
importance. [4] The remaining parameters were explained in connection to 
Equation 3.16 and Equation 3.17. 

𝐵𝐵(𝑝𝑝) =  𝑎𝑎𝑖𝑖
𝑎𝑎𝑖𝑖+𝐸𝐸(𝑝𝑝)𝑜𝑜𝑖𝑖

      (3.18) 
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One advantage of the Power function is that is takes price differences into 
consideration explicitly. A disadvantage compared to the Logit function is 
that it is difficult to add price unrelated attributes. [4]  
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4 Implementation 

In this section the PCE model implementation will be discussed. Other 
aspects capable of affecting the pricing will not be taken into consideration 
during this implementation, as previously stated. 

This section starts by describing how PDFs are estimated. After that, the 
general structure of the model is discussed. A discussion of different project 
cost categories follows. The presentation of the results is then dealt with, 
before finishing the section with a discussion of features serving to increase 
the usability of the model.  

The model was implemented using a GUI in Matlab since it is already used 
within the organization, and due to the fact that it is a recognized tool in the 
areas of economics and modelling [54]. The model, or the program, will be 
referred to as the Project Pricing Program (PPP). 

4.1 Probability distribution function estimation 

Competitor cost data for previous projects is limited to documents where their 
costs have been estimated and occasional competitor publications. Projects 
are also so different from each other, causing many estimates to be irrelevant 
for a current project [61]. The issue is to some extent illustrated in Table 4.1, 
which indicates that component sales prices vary much both between and 
within projects. For this reason, the main input source to the estimation of 
PDFs of different costs is expert judgement. Distribution fitting methods or 
goodness-of-fit tests will not be used, as they require statistical data. 

Table 4.1. Unit sales prices of different components in different projects. [63] 
 

Project 1 Project 2 Project 3 
Component Price Component Price Component Price 

1 2355 1 4109 1 1110 
2 3450 2 1889 2 1508 
3 3380 3 4109 3 1110 
4 1295 4 1704 N/A N/A 

5 6400 N/A N/A N/A N/A 
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When it comes to the estimations, a competitor cost or attribute is more or less 
insecure. Its expected value is sometimes known quite well or can be fairly 
approximated. Values just below or just above the expected value are 
generally more probable then values far away. Normal distributions are 
therefore used for those kinds of costs. The issue is then to estimate this 
distribution’s parameters, e.g. mean and standard deviation, for different costs 
or attributes. 

For other costs, e.g. investments, it is difficult to know what distribution a 
cost is represented by, as well as which parameter values are representable. 
Normal distributions are exclusively used under these circumstances too, as 
rough approximations. These costs generally have higher standard deviations 
though, since they are more insecure. 

4.2 Model structure 

The model’s structure will be discussed in this section. A discussion on how 
costs are broken down is followed by discussions on PPP’s main window and 
MCS. The two latter can together be said to be the model’s core. 

4.2.1 Project cost breakdown 

PPP consists of six different project cost categories. These are listed below. 
The full project cost breakdown can be found in Appendix 3.  

• Manufacturing 
• Installation 
• Accessories 
• Risks 
• Others 
• SGA & Commission 

These categories are typically main ones in Company’s current cost 
breakdown model [61]. The classification varies though, but this one can be 
found in an internal Company document [63]. A similar classification is found 
in a cost chart commonly used in projects [63]. The difference compared to 
this chart is that several of the costs there are grouped into the “Others” 
category [63]. Figure 4.1 presents average distributions of project costs for 
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two types of projects. The percentages vary much between projects of the 
same type though [63]. According to the figure, manufacturing and 
installation are the largest costs. Installation costs are cheaper for the second 
type than for the first type. 

 

 
 

Figure 4.1. Average cost divisions of seven Type I projects and two Type II 
projects. [63] 

4.2.2 The main window 

The different project categories are all accessed from a main window. These 
categories will be more thoroughly discussed in the upcoming section. From 
the main window it is also possible to enter basic project information such as 
the number of components and competitors that are included in the project, as 
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SGA & 
Commission; 

6%

Type I projects

Manufacturing; 
55%

Installation; 
15%

Accessories; 
10%

Risks; 6%

Others; 8%

SGA & 
Commission; 

7%

Type II projects

50 
 



well as the names of those competitors. To simplify the implementation, the 
program does not allow more than five competitors and ten component 
designs. Projects are in practice never larger than that [61]. Another 
possibility is to access the presentation of the project costs for Company and 
each competitor. The presentation is discussed later. An additional feature of 
the main window is that costs entered by the user for Company for different 
project categories are presented and summarized. This feature will also be 
discussed a bit more in a subsequent section. A major part of the main 
window, with fictitious costs, is presented in Figure 4.2. 

 
 

Figure 4.2. A part of PPP’s main window. 

4.2.3 Monte Carlo simulation 

Different competitor costs and attributes are included in an MCS. Each of 
those is represented by a matrix. Every competitor has its own set of matrices, 
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each matrix representing a cost or an attribute. The matrices contain the same 
amount of positions, namely 300 000. Matlab does not allow too many 
positions, due to memory limitations. 

When performing the simulation for a particular cost, one random number is 
generated for each position in its matrix. These random numbers are 
generated based on the cost’s PDF. Costs can then be added to each other 
position wise, creating a new matrix with the same amount of positions, each 
containing a cost sum. The cost summation is illustrated in Table 4.2. 

Table 4.2. Illustration of the usage of MCS during cost representation and 
cost summation. 

 
 Random 

nr 1 
Random 

nr 2 
... Random 

nr n 
Cost 1 x1 y1 … z1 
Cost 2 x2 y2 … z2 

Cost 1+2 x1 + x2 y1 + y2  … z1 + z2 
 

4.3 Project cost categories 

In this section the project cost categories previously brought up are discussed 
one by one. Discussions will mainly include how the categories are built up in 
PPP, what the expected values of the costs within the categories are based on 
and how those costs can deviate from their expected values. The latter 
determines the standard deviations of the costs. 

4.3.1 Manufacturing 

The manufacturing cost consists of two major sub costs, namely material 
costs and production costs, where the former is the most expensive one 
[61,63]. Since components with different designs might be used in a project, 
these costs are calculated for each component separately. 
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4.3.1.1 Material costs 

Material costs are mostly similar between Company and their competitors due 
to technical regulations and identical material prices. The different companies 
tend to use similar component designs, due to physical limitations of 
materials. This cost post is the one whose implementation is the most complex 
in PPP. There are some reasons for this: It is a major cost post in a project, 
numerous components with different designs may be used (as mentioned) and 
there are occasions when a certain competitor uses a different component 
technology than Company. [61] 

A component consists of several common sub components. In PPP, the user 
enters expected areas and thicknesses for different sub components of a 
Company component, along with their costs. The total material cost is also 
entered. When a competitor uses the same technology; the expected value of 
the total material cost is known in advance, being about the same as 
Company’s. Its variance and PDF is not known though, and these are 
calculated by adding the areas of the different sub components, forming a 
complete component. It is assumed that the cost for a certain sub component 
is proportional to the area of that sub component, since the same material is 
used. This approach is for instance used in an internal Company document 
[63]. It leads to the formula in Equation 4.1. 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑐𝑐𝐸𝐸𝑐𝑐𝑝𝑝𝑒𝑒𝑐𝑐𝑖𝑖𝑐𝑐𝐸𝐸𝐸𝐸 =  𝐶𝐶𝐸𝐸𝐶𝐶𝑐𝑐𝐴𝐴𝐴𝐴𝐴𝐴  ∗ 𝐴𝐴𝐸𝐸𝑒𝑒𝑎𝑎𝑐𝑐𝑜𝑜𝑚𝑚𝑝𝑝𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑜𝑜𝑚𝑚

𝐴𝐴𝐸𝐸𝑒𝑒𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴
           (4.1) 

Table 4.3. Deviations of component layer attributes for competitors. 
 

Attribute Deviation interval1 
Sub component 1 -  Area +- 2 % 

Sub component 2 -  Thickness +- 5 % 
Sub component 3 -  Thickness +- 5 % 
Sub component 4 -  Thickness +- 3 % 
Cost for other layers +- 5 % 
1With a 95 % probability the attribute deviates with this or less from its mean. 

 

The user enters data for four sub components in PPP. These are the cost 
drivers of the component [61]. There are other smaller sub components in a 
component; these are grouped in a common cost post in PPP. Sub component 
1 is generally the most expensive part of a component. Its area is entered by 
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the user. For the other three sub components; thicknesses are entered rather 
than areas. Areas are calculated based on those thicknesses. Table 4.3 
illustrates that the deviations of the sub component attributes are small. These 
were estimated during a Company internal interview [61]. 

In case a competitor uses a different component design the user enters 
expected values for that competitor, for the attributes discussed. He or she 
also enters expected costs of different sub components and the total material 
cost. The variance and PDF of the total material cost for that competitor is 
then calculated similarly, but by using the specified expected values instead of 
Company’s values. 

4.3.1.2 Production costs 

There exist numerous types of costs that drive the production cost, such as 
salaries, machine – and property depreciation, electricity and heating. The 
production as such consists of several sub processes. Company knows little 
about how the competitors’ different types of production costs vary. What is 
known is that Company generally is expensive when producing simple 
components, due to its machine park being suited for complex components. 
Many competitors have more streamlined machine lines for simple 
components, as well as machine lines capable of producing complex 
components. [61] 
 

The approach chosen for handling the production cost is to treat it as one, 
instead of dealing with sub costs whose variances are unknown. The cost is 
insecure and is assumed to vary between +- 20 % from the expected value 
with a 95 % probability. Company does not know if any competitor differs 
production-wise from others [61]. Thus, this cost is calculated the same way 
for each competitor. Their expected production cost for a certain component 
is based on Company’s production cost for that component. Different 
component attributes multiply Company’s cost with a constant in order to 
obtain the expected value of the competitors’ production cost. Attributes 
increasing the complexity will lower this constant. 

4.3.1.3 Other manufacturing costs 

There are a few other manufacturing costs. How high these are for the 
competitors is uncertain. They are therefore treated as one cost, just as the 
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production. The variance in relation to the mean is identical to the one of the 
production cost too. 

4.3.2 Installation 

Despite the installation typically being a major cost post, its cost breakdown 
in PPP is high-levelled in comparison to the manufacturing cost’s breakdown. 
One reason for this is that installation costs are broken down in an 
inconsistent manner in studied documents [63]. Another one is that those 
breakdowns often are high-levelled [63]. 

The first breakdown made in PPP is to divide the installation cost into two 
types, depending on where the installation takes place. The characteristics of 
the types are namely different [61]. There are also a few other costs, common 
to both types. 

4.3.2.1 Type I installation costs 

Type I installation costs are often most expensive of the installation costs, due 
to expensive resources. For type I components, the user enters two different 
costs for Company. These are typically the most expensive installation costs 
in a project including a type I component [61]. The first cost consists of a 
number of sub costs. It often impacts the total project cost difference between 
Company and their competitors highly [61,63]. This cost is affected by a 
number of parameters. It is entered as one cost anyway, partly due to the cost 
data’s inconsistency, partly because it is complex to break down properly. 
[61] Subcontractors handles the process associated with this cost for 
Company, while some competitors handle it themselves [61]. Since the cost 
varies between companies, it cannot be based on Company’s cost. An 
estimated cost for each competitor is therefore entered by the user. It is quite 
insecure since many of the parameters affecting it are insecure [61]. However, 
estimations of those parameters for their different competitors have been 
made at Company, thereby decreasing the insecurity a bit. 

The second cost is similar for Company and their competitors due to usage of 
the same subcontractors [61]. One of the competitors can sometimes handle 
the process associated with cost itself though, but is unlikely to be much 
cheaper [61]. PPP therefore calculates this competitor cost based on 
Company’s by default. However, developments may occur in this area, 

55 
 



causing the cost to differ between the companies [61]. For that reason, it is 
possible to enter the cost for each company separately in PPP. The insecurity 
is assumed to be higher then, because the same subcontractors will not be 
used by everyone anymore. 

4.3.2.2 Type II installation costs 

Type II installation costs also consists of two costs in PPP. The first one has 
to be entered for each competitor, since it differs much depending on known 
parameters. The process that gives the second cost is performed by local 
external suppliers of the project site’s country, and should be similar for 
Company and their competitors. [61] 

4.3.2.3 Common costs 

Two installation costs in PPP are common for type I and type II components, 
namely engineering/administration and other costs. The former is assumed to 
be similar for every company due to e.g. similar workloads and salaries [61]. 
Other costs may incorporate several ones. How high these are for competitors 
is uncertain. One of them is to a certain extent paid for by the customer if 
Company gets the project [61]. Whether competitors handle the issue 
similarly is not entirely sure [61]. The mean value of the other costs is 
assumed to be the same as Company’s, while the deviation is substantial, 
since the cost post may consist of many quite uncertain sub costs. 

Table 4.4. Mean values and deviations of competitors’ installation costs 
 

Cost Mean Deviation interval1 
Type I – Cost I Entered by user. +- 15 % 

Type I – Cost II = Company’s cost. +- 5 % 
Entered by user. +- 15 % 

Type II – Cost I Entered by user. +- 10 % 
Type II – Cost II = Company’s cost. +- 5 % 
Engineering/Administration = Company’s cost. +- 5 % 
Others = Company’s cost. +- 15 % 
1With a 95 % probability the cost deviates with this or less from its mean. 
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Table 4.4 lists the costs discussed, along with how mean values are calculated 
or entered and how the costs vary. The increased deviation interval for the 
second type I cost, when it is entered by the user, is noticeable. 

4.3.3 Accessories 

Accessories are broken down into four sub costs, and are entirely based on an 
internal breakdown [63]. These sub costs are listed in Table 4.5, which also 
shows how competitors’ costs may deviate and how their mean values are 
related to Company’s corresponding costs. As the table indicates, Company is 
assumed to be more expensive for component joints, and slightly more 
expensive for component accessories [61]. The other two are more uncertain. 
Their expected values are assumed to be similar, while their deviations are 
higher to allow a greater range of possible values. 

Table 4.5. Mean values and deviations of competitors’ accessory costs 
 

Cost Mean1
 Deviation interval2 

Component accessories 0.95 +- 10 % 
Component joints 0.9 +- 10 % 
External components, accessories and 
supply 

1 +- 20 % 

Others 1 +- 20 % 
1Percentage of Company’s corresponding cost. 
2With a 95 % probability the cost deviates with this or less from its mean. 

4.3.4 Risks 

There are numerous risks in a project for Company and its competitors. Some 
of the ones found in an internal cost document are design risks, testing risks, 
installation risks, production risks, cancellation risks and commercial risks 
[63]. The breakdown used in PPP consists of production risks, installation 
risks and other risks. The installation risk in turn consists of two sub risks. 
Production risks and installation risks are typically two of the largest risk 
posts [63]. 
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4.3.4.1 Installation risks 

The reason the installation risk is broken down further is that it is reasonable 
to believe one of its sub risks depends on the first type I cost of the 
installation, which differs much between the companies, while another of its 
sub risks should be fairly similar for each company due to the same 
subcontractors being used [61]. The first of these two risks is especially 
insecure; since it depends on two attributes which themselves are insecure 
[61]. The expected value of this risk is dependent on the values of those 
attributes. 

It should be pointed out that the installation risk contains several other sub 
risks. Some of those are typically paid for by the customer [61]. It is believed 
by [61] that there is a decent chance Company lets customers pay for smaller 
installation risks to a greater extent than competitors do, but this will probably 
not lower Company’s installation risks by more than one per cent [61]. 

4.3.4.2 Production risks 

When it comes to the production risk, components’ complexities affect it. One 
other factor that could do so is if some company is about to use a technology 
it has not used before. This is hard to know in advance though. [61] As 
Company are more expensive producing simple components than its 
competitors, there is a chance the production risk will be higher for Company 
then, but this is not certain [61]. Since it is hard to determine the relation 
between Company’s and competitors’ production risks, the approach chosen 
is to assume the same expected value for everyone, but with a high deviation 
to represent the uncertainty. 

4.3.4.3 Other risks 

The remaining risks from the internal cost document studied are gathered in a 
common risk post in PPP. How high these costs are for competitors is mostly 
uncertain. The uncertainty of the risk post as whole is thus high too. 
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4.3.4.4 Extra risks 

There exists an extra risk post in PPP. Its purpose is to let the user enter an 
additional risk cost for a company if he or she believes that company has a 
risk no one else has. 

Table 4.6. Mean values and deviations of competitors’ risk costs and 
deviations of low-level attribute. 

 

Risk cost Mean1
 Deviation 

Interval2 
Low-level 
attribute 

Deviation 
Interval2 

Production 1 +- 25 % N/A N/A 

Installation I 1.013
 +- 20 % Attribute I +- 15 % 

Attribute II +- 15 % 
Installation II 1.01 +- 15 % N/A N/A 

Others 1 +- 25 % N/A N/A 

Extra - +- 20 % N/A N/A 
1Percentage of Company’s corresponding cost. 

2With a 95 % probability the cost or the attribute deviates with this or less from its mean. 
3Varies depending on the values of the low-level parameters. 

 

Table 4.6 describes how Company’s risk costs and the mean values of 
competitors’ risk costs are related. They are practically identical, even if 
installation risks are marginally cheaper for Company in general, according to 
previous discussions. The table also illustrates the costs’ and attributes’ 
deviation intervals. These are all quite high, much due to the fact that it is not 
sure competitors use the same risk model [61]. As discussed, two levels of 
insecurity impact the first installation risk. 

4.3.5 Others 

Other costs incorporate the remaining cost posts of an internal cost document, 
excluding SGA and commission [63]. These cost posts are listed in Table 4.8. 
As illustrated by the table; project management, HSE & QA (Health, Safety, 
Environment and Quality Assurance), engineering, testing, customer training 
and net interest are assumed to have an expected value equal to Company’s 
cost. It is fair to believe competitors have to dedicate about the same amount 
of money to those cost posts, since they are mainly based on project 
characteristics. [61] Certain deviations are assumed though. 

59 
 



The remaining costs are not as natural to base on Company’s costs. 
Investments are particularly insecure since they are based on which resources 
a company lacks. Project specific costs e.g. include taxes, insurance and 
bonds. It is fair to believe these, and costs for spare parts, are more dependent 
on project characteristics than investment costs. [61] As illustrated by Table 
4.7, it is possible to enter values for these three costs in case knowledge about 
them is possessed. Otherwise, PPP lets their expected values equal 
Company’s corresponding costs, but with greater deviations. 

Table 4.7. Mean values and deviations of competitors’ other costs 
 

Cost Mean Deviation interval1 
Project Management = Company’s cost. +- 15 % 
HSE & QA = Company’s cost. +- 15 % 
Engineering = Company’s cost. +- 15 % 
Testing = Company’s cost. +- 15 % 
Customer Training = Company’s cost. +- 10 % 
Net interest2 = Company’s cost. +- 15 % 

Project Specific Costs = Company’s cost. +- 35 % 
Entered by user. +- 15 % 

Investments = Company’s cost. +- 80 % 
Entered by user. +- 30 % 

Spare Parts = Company’s cost. +- 35 % 
Entered by user. +- 15 % 

1With a 95 % probability the cost deviates with this or less from its mean. 
2Can be an income. In that case the user enters a negative cost. 

 

4.3.6 Selling/General/Administrative & Commission 

4.3.6.1 Selling/General/Administrative 

SGA is an expense Company pays to cover the head office’s overhead costs. 
Its size varies, but around six per cent of the project cost is standard. [61] In 
this instance, the project cost is the cost of the project before SGA and 
commission costs are added [61,63]. How high competitors’ SGA expenses 
are is uncertain. The way their SGAs are paid is insecure too, meaning it is 
not sure their SGAs are project cost percentages. [61] 
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4.3.6.2 Commission 

Commission is a fee paid to the local country’s sales organization, if it is 
used. It can be a percentage of a project’s sales price, and lies around 1,5 % in 
that case. [61] Sometimes the fee is fixed though, as can be seen in an internal 
Company document [63]. Competitors’ commission costs are uncertain for 
the same reasons as their SGA costs [61]. 

In PPP, the commission is based on the same project cost as the SGA cost, 
since the sales price is not available. An eventual error is very small though, 
for two reasons. Firstly, the commission is typically a small part of the total 
project cost or sales price. Secondly, the error that does occur is dependent on 
differences in SGA and net margins between companies, since those separate 
the mentioned project cost from the sales price when excluding the 
commission itself. These differences are also small in relation to the total 
project cost or sales price. 

Table 4.8. Mean values and deviations of competitors’ SGA & commission 
percentages 

 
Percentage Mean Deviation interval1 

SGA 6 % +- 30 % 
Entered by user. +- 20 % 

Commission = Company’s percentage. +- 30 % 
Entered by user. +- 20 % 

1With a 95 % probability the percentage deviates with this or less from its mean. 
 

Both the SGA and commission cost are entered as percentages rather than 
costs by the PPP user. By using this approach, these costs update themselves 
automatically if the user changes another cost in the program. As can be seen 
in Table 4.8, the competitors’ SGA percentage is never based on Company’s 
current SGA percentage, but on Company’s default SGA percentage. The 
reason is that Company’s SGA percentage is not based on project 
characteristics. Both the SGA and commission percentages can be entered for 
each competitor though. In those cases it is reasonable to believe the user is a 
bit more secure than normally, thus lowering the deviations. 
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4.4 Presentation of results 

The presentation of the competitors’ project cost results is discussed briefly in 
this section. Results are presented competitor-wise. They can be compared 
with Company’s project cost, which also is presented. 

Probability distribution - The probability distribution is presented on a two-
dimensional axis. It is an approximation, based on how the random numbers 
representing the project cost are distributed. To summarize; the technique 
used is to create a frequency histogram with many bars, where frequencies 
represent probabilities. The details of this technique will not be discussed. 
Figure 4.3 presents an approximated probability distribution. 

 

Figure 4.3. An approximated probability distribution in PPP. 

Mean and standard deviation - The mean and standard deviation are 
calculated using defined Matlab functions. Matlab simply calculates these 
parameters out of the set of random numbers representing the project cost. 

Percentile costs - It is possible for the user to obtain percentile costs for all 
percentiles in the interval 0-100. One percentile cost is presented at a time, but 
the percentile may be changed in order to show another percentile cost. 

Percentile costs are approximated by first sorting the random numbers 
representing the project cost, and then selecting the random number on the 
position that corresponds to the percentile chosen, according to Equation 4.2. 
One exception is percentile zero. If that is searched for, the cost in the first 
position is the percentile cost, since position zero does not exist. 
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𝑃𝑃𝐶𝐶𝐶𝐶𝑚𝑚𝐶𝐶𝑚𝑚𝐶𝐶𝑛𝑛 =  𝑃𝑃𝑒𝑒𝐸𝐸𝑐𝑐𝑒𝑒𝑛𝑛𝑐𝑐𝑖𝑖𝑞𝑞𝑒𝑒
100

∗ 𝐴𝐴𝑚𝑚𝐶𝐶𝑚𝑚𝑛𝑛𝐶𝐶 𝐶𝐶𝑓𝑓 𝑟𝑟𝑎𝑎𝑛𝑛𝑑𝑑𝐶𝐶𝑚𝑚 𝑛𝑛𝑚𝑚𝑚𝑚𝑏𝑏𝑒𝑒𝑟𝑟𝐶𝐶     (4.2) 

4.5 Usability improving features 

In this section, usability improving features of PPP are briefly discussed. 

High-levelled costs - Costs the user enters data for are often high-levelled, 
meaning it is possible to divide them more. There are a few reasons for 
choosing this approach: It is often harder to find data for low-levelled cost 
posts, it takes more time if more costs are to be entered and it is generally 
harder to know how low-levelled costs vary [61]. 

Separate files - Each project cost category is implemented in its own file with 
the purpose of making the code more foreseeable and easier to modify. 

Comments and explanations - There are comments in the program’s code, to 
make it more understandable. For the same reason, the GUIs provide 
explanations. 

Testing in the main window - The main window has a feature that 
summarizes and presents Company’s project category costs. This lets the user 
know whether correct costs have been entered for different project categories, 
and for the entire project [61]. 

Edit data - Data may be edited in any project category, since previously 
entered data is remembered by PPP. When a project cost category is edited, its 
total cost is recalculated. Thanks to this, erroneous input can be corrected 
easily. 

Disable options - Some options in the GUI are not always applicable. This 
for example occurs when the amount of competitors is less than five and when 
certain check boxes are unchecked. In these situations, PPP disables 
inapplicable options, thus preventing unnecessary data from being entered. 

Component jumper - Recall that data is entered for each component 
separately in the manufacturing cost category. It is possible to jump to any 
component. This becomes useful when a project consists of many components 
and the user wants to edit data related to one of the later components. 
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Units and rounding - The user is often prompted to enter costs in MSEK 
rather than SEK, since many costs typically are large. The purpose is to save 
time. Results are presented in MSEK too. They are rounded to either zero or 
one decimal. The objective is partly to make the results more foreseeable, 
partly to illustrate that they are estimations only. To present the project cost 
with a number of decimals could lead to overconfidence in the results [61]. 
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5 Analysis 

In this section the implemented model will be analysed. The section begins 
with an analysis of the model’s accuracy, since its output consists of 
approximations and estimates. Next, it will be compared with the theoretical 
model in order to see how well they correspond. Finally, possible future 
prospects of the model will be discussed. 

5.1 Accuracy analysis 

The model’s accuracy will be analysed from two viewpoints in this section. 
First, the validity of the project cost approximations provided by MCS is 
evaluated. After that, the project cost estimates’ accuracy is analysed. 

5.1.1 Validity of Monte Carlo simulation approximations 

The MCS’s outputs are the project cost results discussed in the 
implementation section. These are just approximations though. As theory 
states; the accuracy of an approximation depends on the number of samples 
the simulation consists of. This number in turn affects the simulation time, 
which according to the pre-study is no big issue nowadays. Simulation times 
in PPP of different project cost categories vary between a few tenths of a 
second to about three seconds, depending on how complex the calculations 
within the categories are. These times are taken when 300 000 simulation 
samples are used, and are small fractions of the time it takes to find and fill in 
the costs of a certain project category. 

However, recall that the amount of samples is limited due to memory 
constraints in Matlab. Because of this, it is not possible to increase the number 
of samples to certain levels even if the corresponding simulation times would 
be considered acceptable. Therefore, five project cost simulations with 
300 000 samples were run with the same inputs, to test the validity of the 
approximations. The results are presented in Table 5.1. As the table shows, 
maximum percentage differences encountered for three different costs range 
between 0,01 % and 0,032 %. The costs in the table have the same unit, which 
one is irrelevant as they are fictitious. 
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Table 5.1. Results from the MCS validation. 
 

Simulation 5th percentile cost Mean cost 95th percentile cost 
1 282,59 299,06 315,68 
2 282,59 299,07 315,72 
3 282,56 299,09 315,7 
4 282,5 299,06 315,71 
5 282,5 299,08 315,73 

 Maximum 
difference 0,032 % 0,01 % 0,016 % 

 

5.1.2 Accuracy of project cost estimates 

PPP has been evaluated against two projects, Project I and Project II. The 
purpose of evaluating it against actual projects is two-fold; to assess its results 
and to check whether information requested is available. Those evaluations 
will be discussed in upcoming subsections. 

A major part of the Company related data requested by PPP was available for 
both projects [63], with the installation cost as the main exception. It was 
possible to estimate how that cost was divided between its sub costs though, 
thanks to [63]. 

A note regarding the results is that project costs are not normally distributed, 
despite that their sub costs are. R-statistics [58] was used to test this. The 
probability distribution project costs are represented by is unknown. 

5.1.2.1 Evaluation against Project I 

During the Project I evaluation, there was only one participating competitor. 
Based on data provided by the customer; this competitor used a component 
design different from Company’s [63]. The customer also provided the 
competitor’s intended sales price, which was 936 MSEK. Company had a 9 % 
lower sales price, namely 852MSEK. The project was eventually given to 
Company. [63] 

Since the competitor’s project cost was unavailable it had to be estimated, 
using e.g. sales prices and component design related data as bases. Table 5.2 

66 
 



presents the obtained estimate range along with results provided by PPP. The 
width of this range depends on the fact that one major cost of the competitor 
is insecure. [63] 

Table 5.2. Project cost estimate and PPP project cost for the competitor. 
 

Previous analysis 
Estimated project cost 843 – 928 MSEK 

PPP project cost 
Mean 866 MSEK 
Standard deviation 24 MSEK 
90 % probability interval1 827 – 906 MSEK 
1With a 90 % probability the project cost lies within this range. 

 

As illustrated by the table, the estimated range lies about 15-20 MSEK above 
the range provided by PPP. A contributing factor to this difference is that the 
model assumes a lower SGA for the competitor [63]. Company’s project cost 
was 745 MSEK [63]. 

5.1.2.2 Evaluation against Project II 

Two competitors were parts of the Project II evaluation; Competitor I and 
Competitor II. In this project, one of the installation costs was assumed to be 
the major difference between the companies [63]. Competitor II won the 
project. The customer only provided evaluation prices of the different 
companies in this case [63]. These include more costs from the customer’s 
point of view than actual sales prices [63]. Hence, the gap between an 
evaluation price and a project cost is larger than the one between a sales price 
and a project cost. No component design related data was provided either 
[63], the designs were assumed to be similar [63]. For these reasons, the cost 
estimates of Project II are more insecure than the ones of Project I. 

The evaluation prices for Company, Competitor I and Competitor II were 480 
MSEK, 489 MSEK and 436 MSEK respectively [63]. During the estimation, 
the percentage differences in evaluation prices were assumed for the sales 
prices as well [63]. Table 5.3 and Table 5.4 present estimates ranges and PPP 
results for Competitor I and Competitor II respectively. The estimate ranges 
are narrower here than for the Project I estimation, as the installation cost 
identified as insecure then is assumed to be more secure now [63]. 
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Table 5.3. Project cost estimate and PPP project cost for Competitor I. 
 

Previous analysis 
Estimated project cost 268 – 273 MSEK 

Model results 
Mean 270 MSEK 
Standard deviation 6 MSEK 
90 % probability interval1 260 – 280 MSEK 
1With a 90 % probability the project cost lies within this range. 

 

Table 5.4. Project cost estimate and PPP project cost for Competitor II 
 

Previous analysis 
Estimated project cost 247 – 249 MSEK 

Model results 
Mean 248 MSEK 
Standard deviation 5 MSEK 
90 % probability interval1 239 – 257 MSEK 
1With a 90 % probability the project cost lies within this range. 

 

The mean values provided by the model lie within the estimate ranges, despite 
them being smaller than one standard deviation. It is hard to compare the 90 
% probability intervals with the estimate ranges though, since they are several 
times wider. The project cost for Company was 273 MSEK [73]. 

5.2 Comparison between models 

Similarities and differences between the theoretical PCE model and PPP are 
discussed in this section. The issues discussed when establishing the 
theoretical model are the ones discussed here too. 

Cost breakdown structure - Instead of departments, project cost categories 
are used at the highest level of the cost breakdown structure of PPP. The 
reason is that this breakdown should correspond to the existing cost 
breakdown at Company to the extent possible. This makes it easier for model 
users to find relevant cost information. 
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When it comes to the breakdown within the project categories, PPP mostly 
uses one level. For manufacturing and risks there exists an additional level 
though, but there are never more than two levels. This corresponds well to the 
suggestion provided in the theoretical model. However, elements at the lowest 
level of the manufacturing and risk categories are actually attributes rather 
than costs in most cases, while the theoretical model only incorporates costs. 

Probability distribution function estimation - Expert judgement is mainly 
used in the PDF estimation of the implemented model, in form of interviews. 
Those interviews were held with experts for the two major project cost 
categories (manufacturing and installation), thereby utilizing knowledge 
within the departments. For the remaining categories, my Company 
supervisor is the main source. 

The theoretical model mainly points out the usage of statistical methods to 
estimate the PDFs. These were not used during the implementation at all. One 
reason is that there exist limited project cost related data for competitors. 
Another aspect is that many costs vary between different projects, thus 
making consistent testing hard. 

When it comes to the actual PDF assignment, PPP uses normal distributions 
exclusively, while the theoretical model suggests that the right type of 
distribution should be estimated using goodness-of-fit tests. Those tests were 
not used, as mentioned. A reason for not choosing any other distributions is 
that it was not possible, within the time-frame, to prove they provide good 
fits. Another reason is lack of consistent data. 

A similarity between the models is the cost level PDF estimations generally 
take place at, i.e. the lowest. 

Correlations - Correlations should be tested using mathematical techniques 
according to the theoretical model. This issue was more or less overlooked in 
the implemented one. Correlations are present in some project categories 
though. In the manufacturing cost category, thicknesses of inner layers impact 
areas of outer layers. These correlations are easily determined, without the 
need of performing any statistical tests. The same goes for SGA and 
commission, which both are proportional to the sum of the other costs. There 
is one tricky instance though; one of the installation risks, where two-levelled 
PDF estimations represent the correlation. 
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The main reason for not dedicating more effort to correlations is that they are 
hard and time consuming to estimate, mainly due to lack of project data. 

Simulation - Just as in the theoretical model, a simulation is performed. 
There are no major differences between the two models in this aspect. A 
slight addition in the implemented model is that some low-level attributes are 
parts of the simulation, mainly material cost related ones. 

Presentation - One addition in the implemented model is the possibility to 
obtain all the percentile values for the competitor project costs, instead of a 
few pre-determined ones. Other than that, there are no differences in the 
presentation between the models. 

Implementation environment - As suggested by the theoretical model, the 
model was implemented in a high-levelled programming language, i.e. 
Matlab. This environment is also familiar for potential users. 

5.3 Future prospects 

The implemented model’s future prospects are discussed in this section. 
Under which circumstances it may be used is discussed at first, followed by a 
discussion on some possible improvements. A few difficulties it may 
encounter are briefly discussed at last. 

5.3.1 Usage areas 

PPP provides a structured way of evaluating projects. It can be used in the 
tender phase, i.e. when bidding on a project. The comparison between 
Company’s costs and competitors’ costs can give an indication of whether it 
is worth bidding at all on a project. In case it is, the model provides guidance 
on which price interval will be reasonable for Company in order to have a 
decent chance of winning the project. [61] 

After projects have been won or lost, they can be analysed. Analyses of lost 
projects in particular may trigger cost reduction activities [61]. Post-project 
analyses can also help improving PPP’s estimates, and thereby increasing its 
accuracy [61]. Another factor with the potential of increasing the accuracy is 
that the model’s existence may get employees to seek more project data [61]. 
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5.3.2 Improvements 

Store and upload data - At the moment, the only ways to store data from a 
PPP session are to take screen shots or to document figures manually. A more 
optimal solution would be to implement an algorithm that stores data for the 
user [61]. An eventual implementation should also include the possibility to 
retrieve stored data, and upload the stored figures into the appropriate fields. 

The drawback is that this can be time-consuming to implement. It may not 
even be possible in Matlab. An investigation needs to be performed in order 
to examine the possibilities. 

More accurate estimates - As discussed, estimates can be improved by 
analysing previous projects, as well as by performing more expert interviews. 
In some cases it may be possible to identify distributions other than the 
normal distribution as better fits, while distribution parameters can be updated 
in others. Another issue, that has not been given much thought during the 
implementation, is correlations. This could be worth investigating further. 

There are issues limiting the improvement possibilities of the estimation 
accuracy. For example, competitors are unlikely to use the same cost model as 
Company. How they treat their risks is uncertain for instance. Varying 
projects is another factor discussed earlier in the report. 

Update model structure - In case more knowledge about certain competitor 
costs is obtained, the model might need to be rebuilt. Costs the user does not 
enter competitor estimates for today may be subjects to user input in the 
future. This would make it possible to differentiate competitors to a greater 
extent, and perhaps increase PPP’s accuracy. A drawback is that the GUI 
becomes larger, and maybe more complex, as the number of such possibilities 
increases. 

A specific change is to divide one of the installation costs in sub costs and/or 
sub attributes. The reason is that it is a major cost post capable of differing 
much between the different companies [61]. The issue here has already been 
discussed on numerous occasions, namely that the installation data available 
often is consistent and not broken down enough. 

Pricing model - PPP can possibly be extended to include other pricing 
aspects. Competitors’ net margins, and thereby sales prices, can be estimated 
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using different parameters. These parameters may e.g. include how motivated 
competitors are likely to be and which factors the customer values along with 
how well different suppliers meet those factors. Eventually, competitors’ sales 
prices can be presented, just as their project costs are presented today. 

Company’s chance of winning a project for a chosen net margin and sales 
price could possibly also be estimated and presented. This estimation may 
take other parameters than companies’ sales prices into account, since 
customers can assess other factors. Examples of such factors may include how 
well different suppliers meet qualitative requirements, how well their 
solutions perform and whether they are capable of performing the actual 
project [63]. 

5.3.3 Difficulties 

Maintenance - In order for the model to survive, someone with insight should 
maintain it in the future. There is a significant risk it will be left unused 
otherwise. [61] 

Cost changes - The cost model may change at Company. New costs can be 
introduced, current ones may be removed and the project cost breakdown 
might change. The model would then have to be rebuilt, and some estimates 
would probably have to be redone. 

Pricing model - In case the model is extended to include additional pricing 
affecting parameters, there are a number of factors that could be taken into 
consideration. How these impact the pricing, or whether they impact the 
pricing at all in some cases, is hard to say [61]. It is uncertain how accurate 
such an implementation has the possibility of being, even if a thorough effort 
is made [61].  
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6 Conclusions 

The original plan when starting the development of this report has changed 
several times along the way. This was expected though, and is the main 
reason a pragmatic world view and an exploratory research design were 
chosen. A major methodological change is that statistical data hardly has been 
used throughout the implementation. 

Project cost estimation accuracy - It is difficult to evaluate the accuracy of 
the project cost estimates. The MCS method as such was proven to be 
excellent though, being reasonably fast and providing close to error free 
approximations. The project evaluations performed in the analysis indicated 
accurate project cost estimations as well, but the data the model’s output was 
compared to was itself insecure, making it difficult to draw any conclusions.  

When it comes to the actual PDF estimations, I believe they are impossible to 
perform correctly. This is due to varying projects and lack of competitor cost 
data. The same goes for correlations. 

Comparison to theory - Aspects mainly differing between the theoretical 
model and PPP are PDF estimations and correlations. A main identified 
reason is lack of project data. The remaining aspects discussed in the analysis 
are mostly similar, even if minor differences occur. Table 6.1 summarizes my 
personal comparison between the models. 

Table 6.1. Comparison of PPP and the theoretical model. 
 

Model part Comparison 
Cost breakdown structure Similar 
PDF estimation Different 
Correlations Different 
Simulation Similar 
Presentation Similar 
Implementation environment Similar 

 

Pricing model - It appears to be difficult to create a fully representative 
pricing model. There are so many parameters capable of influencing the 
market price, each of them having different impact in different projects. If 
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such a model is to be implemented, I believe it must allow the user to control 
many parameters. This way, a vast amount of scenarios are made possible. 

Concluding comments - Despite having shortcomings, PPP serves as a good 
base, and may act as an eye-opener leading to cost reduction activities and 
attempts to get more insight in competitors’ businesses. It also gives 
indications about reasonable price intervals, even if it cannot be considered a 
pure pricing model. Regarding the shortcomings, there are improvement 
possibilities, assuming thorough efforts are made. As I see it, the major threat 
against the model is that no one maintains it, which likely leaves it unused. 

Finally, it must be stressed that estimates are not more than just estimates. 
PPP’s results should therefore never be considered factual. The model should 
be viewed as a helpful tool, providing indications in the pricing process. 
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Appendix 1 Statistical terms 

Term Description 

CDF Gives the likelihood of a variable being less than, or equal 
to, a given value. 

Confidence 
interval The probability of a variable falling within a certain interval. 

Continuous 
distribution 

Consists of uninterrupted values, i.e. there is no space 
between the values. The amount of possible values is 
infinite. Therefore, it is not possible to measure the 
likelihood of obtaining one particular value. The PDF 
instead measures the probability of falling within a range of 
values. 

Discrete 
distribution 

Contains a set of possible values with a measureable 
difference between each. Integers are commonly used. It is 
therefore possible to measure the likelihood of obtaining one 
particular value. 

Mean or 
expected value The average value of a set of values. 

PDF A function representing a probability distribution. 
Probability 
distribution 

Shows how the possible values of a variable are distributed. 
Different distributions have different parameters. 

Percentile 

Represents the chance a variable has of equalling or falling 
below a certain value. For instance, if the 95-percentile 
equals 100, there is a 95 % chance the particular variable has 
a value of 100 or less. Possible percentiles include integers 
in the interval 1-100. 

Standard 
deviation 

Represents how much a variable deviates from its expected 
value. 

Variance The standard deviation squared. 
 
Source: [31]. 
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Appendix 2 Inverse transformation method 

An example of how to generate a random number out of particular PDF is 
provided here. The distribution chosen is the exponential distribution. 
 
PDF: 
𝑓𝑓(𝑥𝑥) =  𝜆𝜆𝑒𝑒−𝜆𝜆𝑥𝑥 , 𝑥𝑥 ≥ 0 

 
CDF: 
𝐹𝐹(𝑥𝑥) = 1 −  𝑒𝑒−𝜆𝜆𝑥𝑥  ,𝑥𝑥 ≥ 0 

 
𝑚𝑚 = 1 −  𝑒𝑒−𝜆𝜆𝑥𝑥 
 
1 −  𝑚𝑚 =  𝑒𝑒−𝜆𝜆𝑥𝑥 
 
ln(1− 𝑚𝑚) =  −  𝜆𝜆𝑥𝑥 
 

𝑥𝑥 =  −
1
𝜆𝜆 ln(1− 𝑚𝑚) ,𝑚𝑚 ∈ 𝑅𝑅(0,1) 

 
In the last equation, u is a random number between zero and one from a 
uniform distribution. x is an exponentially distributed random number. The 
uniform distribution is discussed in Matematisk statistik med tillämpningar 
[31]. 
 
Source: [62]  
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Appendix 3 Project cost breakdown 

Project cost category Sub cost Low-level cost 

Manufacturing 
Material 

Sub component 1 
Sub component 2 
Sub component 3 
Sub component 4 
Others 

Production 
N/A Others 

Installation 

Type I – Cost I 

N/A 

Type I – Cost II 
Type II– Cost I 
Type II – Cost II 
Engineering/Administration 
Others 

Accessories 

Component accessories 

N/A 
Component joints 
External components, 
accessories and supply 
Others 

Risks 

Production N/A 

Installation I Attribute I 
Attribute II 

Installation II 
N/A Others 

Extra 

Others 

Project Management 

N/A 

HSE & QA 
Engineering 
Testing 
Customer Training 
Project Specific Costs 
Investments 
Spare Parts 
Net interest1 

SGA & Commission SGA 
N/A Commission 

1Can be an income. In that case the user enters a negative cost. 
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