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Colonel Schmidle: “You can’t predict the exact behavior of a complex system” he explains, 
“but there are ways to understand how the system is likely to end up”. In other words, you 
can’t choose which sequence of events will lead to a given result, but that doesn’t mean you 
can’t choose the result (Freedman 2000).  
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Abstract 

This research is in the field of Project Management and it examines the process leading to 
the development of a Cost Estimate. The focus of the research is on the application of the 
tools and techniques that are part of the cost definition process. Consideration is given to 
what methodology is applied for the development of a Cost Estimate. 

Purpose – This research aims to document the current status of Project Cost Estimation 
within Landsvirkjun. The research also documents best practice in relation to Project Cost 
Estimation. 

Approach – To begin with, a literature review was performed where best practice for 
defining Project Cost was established. The review covered Project Management technics 
used for Private and Public Project Management. 

Next, a case study of available documents from Landsvirkjun was performed. It was 
intended to explain how cost estimation was performed by the company. 

Finally, another case study was performed were the subject for review was Small 
Hydropower Plant projects. The case study finding helped document current definitions 
and main cost elements of such projects. 

Findings – Regarding Landsvirkjun, it was concluded that more information was needed 
to make any definite conclusions regarding the management of project in connection to 
cost estimation. However it was possible to state what methods were applied to estimate 
cost, as well as issues regarding the WBS, Risk Management and contingency were 
identified. 

For Small Hydropower Plants (SHP), the definition of such project was clarified and as a 
result a classification system for SHP projects in Iceland was proposed. The main cost 
elements of SHP project were also discussed and the main categorise identified. Finally a 
CBS for small hydro was proposed. 

Key words – Landsvirkjun/  Energy Framer/  Cost Estimation/  WBS/  Contingency.
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Preface 

This is a master thesis in Hydropower at the School for Renewable Energy Science. This 
thesis is the result of discussion with Mr. Jóhannesson at Landsvirkjun Power and Mr. 
Júlíusson at Mannvit Engineering. The research topic is in the field of cost estimation and 
analysis with special emphases on hydropower structures. Cost analysis in medium and 
large hydro is a well-established practice at Landsvirkjun and other engineering firms in 
Iceland. This is of no surprise in light of the islands history, location and economic 
development. 

The Innovation Center of Iceland (ICI) has recently made available a simple model for a 
feasibility study of small hydropower stations. This model offers on-line guidance to 
interested parties such as landowners, who with the help of the model can roughly estimate 
what potential their land has for producing electricity. This model that ICI has made 
available is named in the native language “Orkubóndinn” or the Energy-Farmer (EF). 

In relation to the EF-project a noticeable vacuum has been created on the market for 
readily available cost estimation or support that is of similar nature to the EF-model (i.e. 
cost analysis for small/micro hydro). That is where the idea for this project came from. 

The original idea was to create a simple cost model that could be used to estimate the cost 
of a small/micro hydropower station.  The result from this model could then be used as an 
input into a feasibility study like EF-model. This would give the owner of the potential 
hydro power station a better view of the feasibility of his endeavor. 

This raised the following questions: 

 What approach shall be taken to create such a cost model? 

 How can its quality be validated? 

 How does it compare to what other counties do? 

The conclusion was that to be able to make an adequate cost model the methodology, 
attributes and theoretical framework need to be sufficiently defined. 

The opportunity to work with Landsvirkjun and Mannvit Engineering offers the 
opportunity to research how cost modeling in Iceland is conducted, and therefore to define 
the main attributes that need to be included in hydropower cost analysis. Along with the 
methodology that is being applied, and a theoretical review of literature to establish a 
‘best-practice’ comparison to gives a solid base which then could be used as a reference for 
the creation of a cost model. 
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Abbreviations and Acronyms 

ABM  Activity-Based Management 
CBS  Cost Breakdown Structure 
CER   Cost Estimation Relationship 
DBM  Deliverable-Based Management 
EV  Earned Value 
EVM  Earned Value Management 
NPD   New Product Development  
OBS  Organizational Breakdown Structure 
O&M  Operations and Maintenance 
PFI  Private Finance Initiative 
PM  Project Management 
PMI  Project Management Institute 
PO  Project Owner 
PPP  Public Private Partnerships 
UK   United Kingdom 
WBS  Work Breakdown Structure  
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1. Introduction 

1.1. Background  

Cost engineering became a profession in the 1950s, around the same time when Project 
Management was gaining ground. Cost engineering is based on applying experience and 
scientific methods to estimate a likely cost of a project. The objective of cost engineering and 
cost estimation is to give the investors an idea of what will be the likely cost of a project. 
Some consider cost engineering to be an addition to traditional engineering. Since cost 
engineers must consider the relationships between the physical elements being designed and 
what they are to likely cost, to some, cost engineering is viewed as an art not a science. 

In Iceland the title Cost Engineer is seldom used, the reasons for that are unclear. Also, there 
is no special Cost Engineer Association, but there is a Project Management Association in 
Iceland. Estimation of cost is just what some engineers seem to take on depending on their 
interest, and those successful make it their profession. 

Cost Estimation has always been an important area for the Icelandic energy company 
Landsvirkjun.  That is not surprising as the investments they make are usually large and a 
small error in estimates of cost can literally be a project killer. Landsvirkjun has been 
developing a cost estimation model for many decades, the first version of the model that is 
being considered in this research dates back to 1990´s. 

1.2. Statement of problem  

The problem that has been identified is; there is lack of guidance existing for the creation of a 
cost model for small hydropower plants. 

There is a need for a simple cost estimation model for small hydropower projects in Iceland. 
The only model being used in practice in Iceland is by Landsvirkjun, and their cost models 
have been used to estimate cost for at least twenty years. Therefore it would prove useful to 
document what approach Landsvirkjun has taken in this respect, and how it compares to what 
literature describes. 

Landsvirkjun’s uses its model for the estimation of cost for large hydropower plants. That is 
clearly something that needs to be kept in mind. Such models are much more elaborate and 
complex than a model specifically intended for small hydro.  Therefore a review of 
Landsvirkjun’s model should provide sufficient insight into what methodology could be 
applied, and what not.  

It is not easy to get the opportunity to study Landsvirkjun’s cost model. The company is very 
secretive and closed to outsiders, especially when it comes to sensitive information like 
estimation of cost. Consequently it has been decided to use this opportunity well, and give the 
Landsvirkjun review much weight in this research.   
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1.3. Research questions 

There will be one research question for this research. At outset of this research no 
information has been obtained about the processes or performance regarding project 
management at Landvirkjun. The main research focus will be in the theoretical field of 
project cost management for construction projects.  

Cost estimation is performed in the Identify stage of a project. This is the first stage that the 
project enters after the ‘need’ for the project has been confirmed. In respect to cost the 
greatest potential to influence its development is at the beginning. Therefore the preparation 
and work put into preparing a detailed cost estimate will have much influence on the cost 
development of the project. 

 

 

Figure 1: Ability to influence final cost over projects life. Adapted from; (Anderson and 
Tucker 1990) and (Atkin 2010). 

Figure 1 shows that the work put in at the Identify Stage (in some articles referred to as 
conceptual stage) has the greatest influence on new product development (NPD) projects cost 
(Anderson and Tucker 1990). As the project moves forward the ability to influence cost drops 
quickly. Therefore, if waste is to be minimized and value for money maximized, the potential 
for the greatest gain is in the betterment of the processes at the Identify Stage. Not much is 
known at outset about how Landsvirkjun manages it project in respects to cost estimation and 
that is one of the main things this research hopes to document.  

The following research hypothesis has been adopted: Tools used to estimate cost of 
Landsvirkjun’s projects are, for all practicable purposes, consistent with best practice. 

The research question: How is initial project management at Landsvirkjun handled for 
hydropower projects with respect to Cost Estimation?  
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1.4. Aim 

The aim is to define how cost management is generally managed in Iceland i.e. by the firm 
Landsvirkjun (power producer), this will be done in a case-study of the companies work 
guide. Also a reference will be established for comparison of “best practice” attained from 
theoretically sound sources. The desired outcome is a write-up clearly reporting how, in 
reality, planning is conducted in respects to Cost Estimation and if that varies from what can 
be considered to be best-practice. If called for recommendations to help correct any 
differences will be put forth. The main aim is to bring to light pros and cons and find 
solutions for future implementation.   

At identify stage in the project life cycle the scope starts to emerge and if it is decided to go-
ahead with the project a preliminary project scope statement is issued. The main aim will be 
to look closely at the Landsvirkjun’s process and see how Cost Estimation is performed at 
this time in the project life cycle. 

1.5. Objectives 

It is not possible within the timeframe of this thesis to define, create, test, and implement an 
exhaustive system or a standard complete in nature. Instead, a manageable tactical goal for 
this thesis is the subject of Cost Estimation at the Identify Stage.   

The main objective is to look at project initiation stage, when the decision and scope are 
clearly defined. In this phase there are numerous components that need attention however this 
research will mainly focus on the topics of Cost Estimating and Work breakdown structure. 
The desired result is the identification of the methodologies used to perform an adequate cost 
estimate. It is the hope that attributes will be identified that will help create a strong base for 
the creation of a cost-model, specifically in connection to the EF-Project. 

It is possible that the hierarchies and decision-making processes at Landsvirkjun need to be 
better defined, so that project efficiency may reach its full potential. This will be one of the 
points that this research hopes to illuminate. It should be possible to have a Mechanistic 
Structures1 process for most public agencies and companies, where NPD teams work on the 
Identify Stage to define the project. Only truly special and “one of a kind” NPD projects need 
an Organic Structure2 i.e. where there is a high level of uncertainty regarding the project 
demands flexibility (Eisenhardt and Tabrizi 1995, Büschken and Huth 2009). It is not clear at 
the outset of this research weather the organizational structures used by Landsvirkjun fall 
within any of the defined structures mentioned in Figure 2. Although it does not directly 
relate to the main objectives, it is important to make a note of these different types of 
structures because they influence one’s perception of the public process as a whole. 

Objectives of research: 

1. Identify what methodology is applied at Landsvirkjun for cost estimation. 
2. Create a best-practice comparison by review of theory. 
3. Recommend an approach to creating a cost model for the EF-project.  
4. Establish what the main cost estimation attributes are for Small hydropower plants. 

 

                                                 
1 A Mechanistic Structure is defined in Figure 2. 
2 A Organic Structure is defined in Figure 2. 
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2.2.  The Case Study 

This research is largely based on findings obtained by a case study. A case study analysis is 
the process of detailed study of an individual group, organisation, event, or project (Fellows 
and Liu 2008). There are two types of case studies that can be performed: 

 Case study of an organization (exploratory) 
 Case study of a project (explanatory) 

The case study performed in this research is defined as explanatory. The subject for review is 
the Landsvirkjun’s Cost Model, and it cannot be considered to be a study of an organisation. 
However, it is not correct to state that it is a project either; the model is a tool that 
Landsvirkjun applies. The case study performed is intended to explain how this tool is 
applied and functions. Further definition of the Explanatory Case Study is given in section 
2.2.1. 

A case study analysis can be based on many resources such as observations, interviews, 
questionnaires, reports and archival records. Fellows and Liu (2008) define four main uses 
for case studies in construction management research. They are as follows: 

 a source of insight and ideas 
 to describe phenomena 
 project-biography 
 illustrative anecdote 

The case studies performed in this research will be based on: 

 Observations 
 Interviews 
 Reports 
 Archival records 

The use of case studies for this research is favourable due to limited information available on 
the Landsvirkjun Cost Model. 

2.2.1. Explanatory Case Study 

This Landsvirkjun Cost Model Case Study is defined as explanatory as its aim is to be used 
for hypotheses testing. The inputs for this study are based on reports and archival records 
obtained from Landsvirkjun. The goal is to show how Cost Estimation is handled at the 
company. 

The objective of this exploratory case-study is to create a solid base that will support any 
further research, case-studies or sampling of the Landsvirkjun Company, and give a reference 
to processes and regulations that may be quoted later. 
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2.3. State of Art Review 

State of the art review refers to that which is often called theory review.  Pure and applied 
theory is both up for review. The objective of this review is to drawing-up the state of the art 
comparison for institutions and organisations. The state of the art review was conducted 
throughout the research since it was not clear at outset what material would be needed to 
complete this work. Keeping the review open had its drawbacks as it was difficult to limit the 
overwhelming amount of information obtained. 

The goal of any review is to provide a critical assessment to the work visited; it is not 
adequate to merely summarize what the literature states without also providing a critical 
evaluation of the findings (Fellows and Liu 2008). According to Fellows and Liu (2008), it is 
never appropriate for the researcher to express personal opinions, because a state of the art 
review should be based on literature. Haywood and Wragg (1982) add to this by stating that 
the review must demonstrate that the writer has studied existing literature with insight. 
Therefore it not sufficient to simply list a summary of reviewed literature; critique must be 
also used to draw out issues and arguments. 

2.4. Interviews 

There are three types of interviews: structured, semi-structured, and unstructured (Fellows 
and Liu 2008). The interviews used in this research lie between semi-structured and 
unstructured. The goal of the interviews was to get input from practitioners on how Cost 
Estimates were prepare by the company and what data was available on this process. This 
kind of information is always subject to interpretation and bias from the interviewees 
(Fellows and Liu 2008). 

2.5. Conclusions 

 

This chapter describes the methods used for this research. These methods were based on 
established theory and as such ensured the quality of this research. Figure 6 depicts how the 
method and data collection points came together to form the basis of this thesis research. 

There three main sources are depicted as main data inputs, they are an interview, case study, 
and theoretical review. This data will be analyzed with the main research topic in mind, 
creating the center of focus somewhere in between these topics. This is defined as applied 
research since its main objective is to improve the cost estimation, still the line is blurry since 
new knowledge could be obtained but that would be unexpected and therefore this is not 
defined as pure research. 
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Figure 6 : Data gathering and analyses process. 
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3.1. Project Management 

PM is a structured framework around a defined project. In some sense, it is used by everyone 
every day. During any given day, person’s brain, with the help of his or her body, indicates, 
initiates, defines, plans, breaks down, executes, monitors, controls and closes multiple 
projects; this is the goal of a good PM. In this example, one’s brain is so good at managing 
these tasks that one does not know it is doing it. Thus, the challenge is to also apply this 
organized approach to the work we do consciously. It can be said that everyone applies this 
methodology; we just recently defined it as PM. 

The definition of PM that is widely accepted and is used in this thesis is stated below: 

Project management is the planning, organization, direction, and controlling of company 
resources for a relatively short-term objective that has been established to complete specific 
goals and objective. Furthermore, project management utilizes the systems approach to 
management by having functional personnel (the vertical hierarchy) assigned to specific 
project (the horizontal hierarchy) (Kerzner 2009).  

To this can be added the following: 

Project management is the application of knowledge, skills, tools and techniques to project 
activities to meet project requirements. Managing a project includes: 

 Identifying requirements  

 Establishing clear and achievable objectives  

 Balancing the competing demands for scope, quality, time and cost  

 Adapting the specifications, plans, and approach to the different concerns and 
expectations of the various stakeholders. (PMI 2008) 

From these definitions it is clear that PM spans a large field and requires specific knowledge, 
organisation, and discipline. It can be difficult to justify the application of all the elements 
that have been recognized in connection to PM, especially when dealing with smaller 
projects. The Project Manager must evaluate what tools and method he needs for the 
successful completion of each project he manages.  

The PM knowledge areas, as they have been depicted by PMI are listed here below. 

 Project Integration Management 
 Project Scope Management 
 Project Time Management 
 Project Cost Management 
 Project Quality Management 
 Project Human Resource Management 
 Project Communications Management 
 Project Risk Management 
 Project Procurement Management 

The areas that will be the focus of this literature review fall under the fields of (1) Project 
Cost Management and (2) Project Scope Management. 
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3.1.1. Project 

It is important to realize when an idea can become defined as a project because there is a 
significant difference between these two terms. As soon as an idea moves to being a project, 
it is of great importance and should be treated as such. How it is treated should give 
indication of its size and importance. The theory of PM should be used to handle its quickly 
growing complexity. The definition of a project is given below: 

A project can be considered any series of activities and tasks that: 

 Have a specific objective to be completed within  certain specifications, 

 Have defined start and end dates, 

 Have funding limits (if applicable), 

 Consume human and nonhuman resources (i.e., money, people, equipment), 

 Are multifunctional (i.e., cut across several functional lines)(Kerzner 2009). 

This definition coincides with what the PMI, a world-leading organization in PM, accepts as 
appropriate (PMI 2008). 
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3.2. Pre-Project activities 

3.2.1. Needs and Demands 

At the beginning of any project needs and demands must exist. This can be represented to the 
organisation in the form of a business requirement, opportunity, or problem. Heldman (2009) 
split these demands and needs into seven groups, which are: 

● Market demand   ● Strategic opportunity/business need 
● Customer request   ● Technological advance 
● Legal requirement   ● Ecological impacts 
● Social need 
 

An organisation must decide how to prioritize these needs and demands, and how to 
determine whether or not they are worthwhile. Many of these needs and demands will often 
lead to the initiation of a new project. 

3.2.2. Project Proposal 

The Project Proposal states the highest goals of the project.  It should be written before the 
project starts (although this is not always the case). It is the next step that follows the 
identification of a need or a problem, and therefore it is the fundamental reason for 
considering a new project (Taylor 2008). 

The Project Proposal is usually developed by one or more of the following; key stakeholders 
with the help of marketing personnel, a project sponsor, project manager, team members or 
senior executive(s) (Taylor 2008, Roitha 2007). 

Lock (2007) puts weight on the importance of challenging the approach taken when a 
proposal is made, and emphasized the value of looking at other strategic options in 
considerable depth.  

3.2.3. Feasibility Studies 

Before the decision is taken to initiate a project, it may be preferable to perform a Feasibility 
Study. This is should be done so that at least it is clear that the project is viable, and has the 
possibility of succeeding. If the outcome of the Feasibility Study is unknown, then it is 
recommended that the study is treated as a special project. If the Feasibility Study is positive 
(i.e. the project is given the go-ahead), then a new project team should be established. One 
should note, however that the people that work on the project should not be the same people 
that worked on the Feasibility Study.  This is done to eliminate bias (Heldman 2009). 

3.2.4. Summary 

The scale and detail of the pre-project documents must depend on the project’s size and 
complexity, and resources needed to complete it. All projects should go through stages where 
Needs and Demands, Project Proposals and Feasibility studies are performed. The 
information produced by this work must be documented and filed accordingly. The 
information created at the Pre-Project level is the foundation of all that will follow; it is the 
core reason for proceeding with the project. 
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3.3. Basic Cost Estimate Documents: Inputs 

3.3.1. Enterprise Environmental Factors 

The Enterprise Environmental input refers to factors that are outside the project but might 
still influence the success of the project. Heldman (2009) and PMI (2008) suggest some 
factors that should be considered when formulating a project, see Appendix I. 

The factors that influence the Estimation of cost include (PMI 2008): 

 Market conditions: Here description of products, service, and resources are available 
in the market. It should also describe from whom they are and what terms and 
condition may apply. 

 Published commercial information: Information on resources cost rate is sometimes 
available from commercial databases that provide skills and human resources cost, 
including also standard cost for material and equipment. Published seller price is also 
a source of information 

3.3.2. Organizational Process Assets 

Organisational Process Assets refers to an organisation’s policies, guidelines, procedures, 
plans, approaches, and standards for executing work (also project work). According to 
Heldman (2009) and PMI (2008), these include a wide range of elements that can affect the 
project, such as: 

 Organisation standard processes, and definitions 
o Financial controls 
o Communication requirements 
o Issue and defect management procedure 
o Change control procedures 
o Risk control procedures 
o Procedures used for authorizing work 
o Performance measurement criteria 

 Organisation standard policies 
o Project management policies 
o Safety policies 

 Templates 
o Project charter templates, and etc. 

 Historical information and lessons learned knowledge base. 
o Previous project risk 
o Performance measurements 
o Earned value data 
o Schedules from previous projects 

Historical information has been shown to help with the project charter, project scope 
statement, development of project management plan, the process of defining and estimating 
activities, etc. (Heldman 2009). The value of historical data should not be underestimated. 
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3.3.3. Project Schedule 

The Project Schedule is an output document that is created in the Develop Schedule Process 
which is a part of the Project Time Management. That process analyzes activities sequences, 
durations, resources requirements and schedule constrains. Scheduling tools are used for 
creating the schedule; it can be iterative work to produce an acceptable schedule (PMI 2008). 

The Project Schedule determines the planned start and finish date for project milestones. The 
schedule requires constant maintaining to keep a realistic schedule throughout the project 
work process (PMI 2008). Scheduling requires activities of the project to be identified. These 
are all the activities necessary to complete the work packages that are defined in the WBS 
(see section 3.5) (APM 2006).    

3.3.4. Human Resources Plan 

The Human Resource Plan is a part of the Project Management Plan4, it describes how human 
resources are to be defined, staffed, managed, controlled and released. It describes how 
human resources are to be managed and what they should do. The Human Resource Plan 
should at least include the following documents: 

 Roles and responsibilities, 
 Project organization charts, and, 
 Staffing management plan (PMI 2008).  

                                                 
4 The Project Management Plan is outside the scope of this research 



Project Cost Estimation 

17 
 

3.3.5. Scope Definition and Baseline 

3.3.5.1. Define scope 
The process of defining scope is the development of a thorough description of the project and 
product(s). The grounding of a solid project scope statement is crucial to a project’s success. 
It is based on the major deliverables, constrains and assumptions that should be documented 
during the project initiation. When the project moves on to the planning phase, the scope is 
fine-tuned and defined in more detail as more information has become available. All known 
constraints and assumptions are analysed as best as possible; if any new risks, assumptions or 
constraints are found to be necessary later in the project, they must also be added (PMI 2008). 

3.3.5.2. Scope Baseline 
The Scope Baseline is one of the main components of the Project Management Plan. It is the 
baseline against which all changes to the project will be measured. Once the items to be 
included in the scope baseline have been approved, formal change management for the 
project begins (Norman et al. 2008). According to PMI (2008), the scope baseline should 
include: 

 Project scope statement, 
 WBS, and 
 WBS dictionary. 

The Project Scope Statement is discussed further here below, but WBS and WBS dictionary 
are covered in Chapter 3.5. 

 

Project Scope Statement 

The purpose of the Project Scope Statement is to describe in detail the project objectives, the 
deliverables, and the work required to produce the deliverables. The scope statement is an 
agreement that states precisely what the project will produce. This provides an understanding 
of the project scope among the project stakeholders. It is important to list what is part of the 
project and what is excluded from the project, as this is key in managing stakeholder 
expectations. The scope statement can be used to direct the project team’s work, and is a 
basis for future project decisions (Heldman 2009, PMI 2008). It is critical to include a high 
level of detail in the scope statement because this determines how well the project manager 
can control the project scope.  
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3.4. Project Statement of Work (SOW) 

Project Statement of Work (SOW) is a narrative description of the product or service that 
needs to be delivered by the project. If the project is internal to the organization, then it is 
generally in the hands of the project sponsor or initiator of the project to write the SOW. 
However, if it is external to the organization, then it is the responsibility of the buyer and can 
be in the form or bid, such as a request for information, a request for proposal, or a part of a 
contract (PMI 2008, Heldman 2009).  

It is not ideal to have a contract in place before a project is fully defined, but in the case 
where that is the situation, it should be used as an input in the scope definition process. Also, 
it is important to properly document all agreements (as they are considered legally binding) 
that are made between parties. These should be included as input documents since they help 
document the scope of the project (Norman et al, 2008). 

Based on Heldman (2009) and PMI (2008), the following information should be included in a 
SOW: 

Business Need 
A business need for the project might be based on governmental regulation, legal 
requirements, technological advances, or market demands. 

Product Scope Description 
The Product Scope Description describes the characteristics of the product that the project is 
intended to deliver. It should also include a description of the relationship between the 
product or service being created and the business need or demand that is driving the project. 

Product descriptions contain less detail in the early phases of a project and more detail as the 
project progresses. Product scope descriptions, like the work of the project, are progressively 
elaborated. They will contain the greatest amount of detail in the project execution processes. 

Strategic Plan 
The Strategic Plan documents the organisation’s strategic goals. Part of the responsibility of a 
project manager during the initiating processes is to take into consideration the company’s 
strategic plan. The management team will refer to the strategic plan when choosing which 
new projects to initiate and which ones to drop, depending on their relationship to the 
strategic vision of the company. 
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3.4.1. Business Case 

The Business Case (also known as Cost-Benefit Analysis) is intended to explain why the 
project is needed from a business standpoint, while also showing that the project is worthy of 
the required investment (PMI 2008). The Business Case should be directly traceable to the 
“Needs and Demands” (Heldman 2009), which was described in section 3.2.1. The requesting 
customer or organisation, in the case of internal projects, is responsible for producing the 
Business Case document. It is created as a result of one of the following (PMI 2008): 

 Market demand 
 Organizational need 
 Customer request 
 Technological advance 
 Legal requirement 
 Ecological impact 
 Social need 

If the project is spilt up in to multiple phases, then the Business Case should be periodically 
reviewed so it can deliver the intended business benefits. 

An interesting point was raised by Kerzner (2009) in connection to the Business Case 
development. He found that companies view the Project Manager’s contribution limited 
during the Business Case development. Kerzner pointed out that these Business Cases often 
turn out to be highly optimistic in their approach with little regard for the schedule and/or 
budget. This results in a slim likelihood of the Business Case meeting the demands that have 
been set forth. Instead, it is more likely that the project will fail to meet expectations, and that 
the blame will be placed on the Project Manager. To get a more realistic proposal, the Project 
Owner (PO) must value the expertise of the Project Manager in the development of the 
Business Case. 

3.5. Work Breakdown Structure 

The use of WBS goes back to the 1960’s when the U.S. Department of Defence (DoD) and 
National Aeronautics and Space Administration (NASA) used it for aiding their planning and 
controlling of large projects (Cleland 1964).  

WBS is defined by PMI (2008) as: 

“A deliverable-oriented hierarchical decomposition of the work to be executed by the 
project team to accomplish the project objectives and create the required deliverables, 
with each descending level of the WBS representing an increasingly detailed definition of 
the project work. The WBS organizes and defines the total scope of the project, represents 
the work specified in the current approved project scope statement.” 

Without a well-developed and properly managed WBS, the likelihood of a project’s success 
is severely diminished (Norman et al. 2008).  

3.5.1. WBS 

The WBS provides a clear vision for the project leaders, participants and stakeholders. It 
breaks-up the project scope into manageable, hierarchical and definable packages of work 
that make it possible to balance the control needs of management, with a sufficient level of 
detailed project data. This creates a framework for the project deliverables over the life cycle 
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of the project. This break up of project work makes it possible to communicate with everyone 
involved in the project, and clearly identifies accountability within the project (PMI 2006). 
With respect to accountability, the WBS is connected to the OBS5 and Responsibility 
Assignment Matrix6 (RAM). 

The upper levels of the WBS are intended to reflect the major deliverable work areas of the 
project, but they can also be used to outline the major phases of the project’s life cycle. These 
upper levels make it possible to create logical summary points for assessing the 
communication of accomplishments, performance of teams and individuals, and 
measurement of cost and schedule performance compared to specific deliverables as well as 
the overall project. In order to avoid confusion, it is best to define the levels of the WBS prior 
to construction (PMI 2006). 

The lowest level of the WBS, called the “Work   Package”, contains all the planned work. A 
work package must be cost-estimated, scheduled, controlled and monitored. Using this work 
breakdown relationship “work” refers to the work products or deliverables that are the result 
of an effort but not the effort itself (PMI 2008). The deliverable-oriented WBS provides, at 
the least, the following benefits to the project (PMI 2006): 

 Better communication to project sponsors, stakeholders, and team members; 
 More accurate estimation of tasks, risks, timelines, and costs; 
 Increased confidence that 100% of the work is identified and included; and 
 A foundation for the control processes within the project.  

  

3.5.1.1. Deliverable-Based Management 
The Deliverable-Based Management (DBM) takes the control concept beyond the Work 
Package to also include tasks and activities in the project schedule. All the tasks and activities 
produce individual deliverables that can be combined with other deliverables from the 
intended Work Package deliverables. This approach is used to manage the entire project by 
the creation and integration of individual and compound deliverables.  By adopting this 
approach, the project can be managed at a detailed level. This makes it easy to sum up the 
deliverables based on the WBS hierarchy, which is the true power of DBM. It allows for cost, 
schedule, resources and quality to be understood, measured, aggregated and monitored for 
specific deliverables at higher WBS element levels. This enables the project manager to 
visualize and communicate how the project is performing. DBM is the management approach 
that should be used for most projects (Norman et al. 2008). 

3.5.1.2. Activity/Task-Based Management 
Activity-Based Management (ABM) is the opposite of DBM. It is a valid technique for 
supporting of on-going business operations. When ABM is used, the cost at activity level is 
most important factor of consideration when managing and controlling the cost of the 
business. Using ABM, the project manager can tie all project costs to specific operational 
activities, and therefore is able to control the projects connected costs. A detailed analysis of 
specific operational deliverables is time-consuming and costly to perform because activities 
often impact several deliverables simultaneously and can cross business units and functions. 
This inability to group work and cost against the WBS hierarchy and then show traceability is 
a serious problem for the manager. ABM is therefore appropriate for an on-going business 
operation; it is, however, inappropriate for the management of a project (Norman et al. 2008).  
                                                 
5 The details of the Organization Breakdown Structure are outside the scope of this review. 
6 The details of the Responsibility Assignment Matrix are outside the scope of this review. 



Project Cost Estimation 

23 
 

3.5.1.3. Importance of the WBS 
There are many things that must be included in the management of a project if it is to be 
successful (as outlined in Chapter 3). The WBS is an important tool that can help secure 
project finish that is acceptable to all stakeholders. According to PMI (2006), the WBS does 
the following: 

 Defines all the work of the project, and only the work of the project, thereby clarifying 
the project scope; 

 Reflects the input from all team members to ensure buy-in; 

 Provides the baseline for subsequent change control; 

 Is a primary input to other project management processes—for example, resource 
planning, cost estimating, schedule development, and risk identification; 

 Provides the framework for project control, performance monitoring, and the 
foundation for communication with all stakeholders; and 

 Ensures the work of the project correlates appropriately with the RAM and the OBS. 

In the field of Earned Value Management (EVM), performing a WBS of sufficient quality 
is vital if Earned Value (EV) is to be applied (PMI 2005) 

3.5.1.4. WBS Quality 
The quality of the WBS must to be considered; it is not enough just to make a WBS and then 
be done with it. Quality includes the ideas of harmony to requirements and fitness for use 
(that is to say, the project is fitting for its intended purpose) (PMI 2006). WBS should be 
created as early as possible in the life cycle and evolve as the project grows. It can therefore 
be described as a living document. The WBS must meet the project managers’ requirements; 
it is of no use to make a WBS that overwhelms the project team. Its complexity has to be 
balanced so that it can both give guidance and help with decision making. Indeed, it is of 
little value if it is not actually used to manage the project (Norman et al. 2008). 

According to PMI (2006), there are two main WBS Quality Principles that all WBS should 
incorporate. These principals are explained in Appendix II. 

3.5.1.5. Approaches to creating WBS 
There are many ways to go about creating a WBS. It can be created from scratch, recycled 
from existing WBS’s or developed from a template or pre-defined WBS standards. All of 
these approaches are common in practice. The approach that is selected depends on the 
project manager and/or the organization’s preference. 

Details about WBS creation are given in Appendix III, based on PMI (2006). 
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3.5.2. WBS Dictionary 

The WBS Dictionary adds to the level of clarity for everyone connected to the project. This is 
done by providing explanations, context and detail for each element within the WBS. The 
WBS Dictionary thus helps communication and facilitates understanding. It further elaborates 
on the boundaries and scope of the elements of the WBS. It answers questions about scope 
that cannot be explained with simple WBS element entry (Norman et al. 2008). According to 
PMI (2008), the WBS dictionary should include at least the following: 

 Account identifier codes, 
 Work description, 
 Responsible organization, 
 Listing of scheduled milestones, 
 Associated scheduled activities, 
 Required resources, 
 Estimation of costs, 
 Quality requirements, 
 Acceptance criteria, 
 Technical references, and 
 Contact information. 

3.5.3. Summary 

The WBS transforms the boundaries and the scope into an easily understandable document 
that the whole project team and stakeholders can use. The creation of a WBS may seem like a 
challenge to people unfamiliar with the process, but it can be simple to begin with and then 
evolve as users become more comfortable with it. In conclusion, the outputs from this process 
are key in conveying and securing the scope and work of the project at hand. 

In connection to Cost Estimating, the WBS is one of the fundamental tools for defining 
project cost elements. As such the WBS Quality Principles must be fulfilled (see Appendix 
II).  
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To make the cost estimate a certain methodology approach needs to be adopted. The most 
common methodologies in use in practice are illustrated in Table 1. The focus of the Cost 
Estimating Methods section is the definition of methods used for estimating cost.  

Table 1: Standard Project Estimating Methodologies, Adopted from Kerzner (2009) 

Estimating Method Generic Type WBS Relationship Accuracy Time to Prepare 

Parametric ROM7 Top down -25% to +75% Days 

Analogy Budget Top down -10% to +25% Weeks 

Engineering (grass 
roots) 

Definitive Bottom up -5% to +10% Months 

 

A company or corporation that aims to maximize its profitability must constantly improve its 
estimating and pricing methodologies. Estimating requires that information be collected prior 
to the start of the estimating process (Kerzner 2009). According to Kerzner (2009), typical 
information that is required for estimation includes, but is not limited to: 

 Recent experience in compatible work 
 Professional and reference material 
 Market and industry surveys 
 Knowledge of the operations and processes 
 Estimation software and databases 
 Interviews with subject matter experts 

It can be difficult to state that it is possible to completely standardize the approach taken to 
projects. The reason is that projects can range from a feasibility study, modifications of 
existing facilities or complete design of a complex structure.  Therefore the estimate type and 
information desired may differ (Kerzner 2009). This needs to be kept in mind when 
discussing cost estimation methods.   

                                                 
7 Rough Order of Magnitude (ROM) 
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3.6.2. Analogy Method 

The analogy is an approach based on historical data for service or products that have 
previously been procured and are similar to that for which an estimate is being made. It is 
important that the estimator describes his assumptions including why and how the current 
project or program is similar to the comparison example (they should be analogical). Factual 
data, estimated cost and all other relevant data used must be made available (GAO 2009). 

The analogy method is based on the assumption that no new project represents a totally new 
undertaking. Using that assumption the analogy method, based on actual historical cost 
information from a similar project, estimates a new project by adjusting and compensating for 
any differences between the new and existing project (GAO 2009). The analogous models are 
usually used for early estimates that often are called: 

 Order of Magnitude, 
 Conceptual, and 
 Ballpark Estimates (Rad 2002). 

These estimates are then used to compare various options to determine the viability of a 
project in the screening process. Some of the analogous estimation tools are; ratio estimating, 
the three-quarters rule, the square root rule, and the two-thirds rule. 

According to GAO (2009) this method is typically used early in the project life cycle when 
(1) insufficient actual cost data is available and (2) technical and project definitions are good 
enough so that adjustments can be made. 

Advantages of the analogy method include: 

 Can be used without detailed project requirements being known, 
 If analogy is strong, estimate will be defensible, 
 Analogy can be developed quickly at small cost, and 
 The connection to historical data is readily understood due to simplicity (GAO 2009). 

Disadvantages of the analogy method include: 

 Analogy relies on a single data point, 
 Problems finding detailed cost, technical, and project data, and 
 Bias in adjustment of technical parameters factors (GAO 2009). 

The nature of this method requires that the “reasonable person test” is applied (i.e. the source 
of the analogy and the adjustments must be logical, credible, and acceptable to a reasonable 
person). Also, since the analogies are one-to-one comparisons, the historical project data and 
the project under development should be as similar as possible. Analogies are often used to 
cross-check other methods, even if the analyzers are using more prestige methods. 

Using analogy, expert opinion plays a large role in modifying system data. Therefore, it is 
recommended that adjustment should be quantitative rather than qualitative, avoiding 
subjective judgment as much as possible (GAO 2009). When analogy uses WBS as a base 
reference, the key is, each time the WBS is updated the estimate is simply enhanced (i.e. it is 
not necessary to create a new estimate). The information used in the analogy should be 
extrapolative and adjustable in light of: 

 Time – the year in which the project was completed, 
 Location – the location of the current/proposed project, and 
 Capacity – size or capacity comparison between the current and proposed project 

(Rad 2002).  
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3.6.3. Parametric Analysis Method 

According to Rad (2002) the terms modular estimating and parametric estimating have been 
used to describe models that are essentially very similar in usage, principle and underlying 
structure. The difference between them is that they are used in different industries. This 
section will describe their differences’ and which term should be used to describe which 
model type. 

3.6.3.1. Parametric Estimating 
The Parametric Estimating, referrers to a top-down approach. This method uses parametric 
models based on key cost factors to derive cost data. The cost estimator cites a model and 
factors that are used along with any assumptions. The method is based on creating a statistical 
relationship between historical cost and project, physical, and performance characteristics 
such as speed, accuracy, tolerance, reliability, friendliness, error rates, and complexity. 
Unlike an analogy method, the parametric estimating is based on data from many projects 
and covers a broad range (GAO 2009, Rad 2002).  

The goal of using Parametric Estimation is the creation of a statistically valid Cost Estimation 
Relationship (CER) by use of historical data. Using the CER, a model can be built that 
computes a project based on its new parameter inputs (GAO, 2009). The model calculates 
dependent variables of cost and duration based on independent variables. The independent 
variables are quantitative indices of performance and/or physical attributes. The accuracy of 
the estimate is based on the size of the project array data available (Rad 2002). 

Documentation of the inputs is important when using such models, it can show if serious 
errors have been made in the estimate. In future application, such documentation helps 
improve the models. The adequate number of data points and a normalized data sets are 
important for parametric estimation. The parametric models are limited by the data sets they 
are made from. Limits such as project cost, size, and complexity must be considered. 

For the CER the cost estimator must consider the main cost drivers; this should be done by 
studying the technical baseline and analyzing of data with tools such as scatter charts. When 
cost drivers have been identified the CER can be developed with mathematical expressions. 
CERs should be developed by use of regression techniques for the identification of statistical 
inferences. CER applies rates, factors, and ratios as they are defined in Appendix II.  

Advantages of parametric cost estimation include: 

 When data is available, parametric relationships can be derived at any level. As the 
design is updated, the CERs can quickly be modified and give results; 

 Testing different input parameters and recording the resulting changes in cost can be 
used to produce sensitivity analysis; 

 Parametric relationships derived from statistical analysis, often, contain objective 
measure of validity and calculated standard error. This can be used in risk analysis, 
and provide confidence levels for the estimate; and 

 CERs rely upon historical data that provides acceptable objectivity. This makes the 
model more defendable (GAO 2009). 
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Disadvantages of parametric estimates include: 

 Data base requirements in respect to effort of gathering, consistent and reliable data; 
 Normalization can be time consuming and must be done correctly; 
 Understanding how normalization was performed is necessary otherwise the estimator 

must accept the database on faith. Not understanding the CER increases risk of 
mistakes; 

 CERs must be updated and capture the most current cost, technical, and project data; 
 If data outside the CER range is used it may cause problems, the CER loses its 

predictive capability outside the development range; and 
 It can be difficult for others to understand the CER, if it is based on nonlinear, or 

other, complicated relationships between cost and independent variables (GAO 2009). 

A parametric model used in connection to construction projects is based on specific 
characteristics or inputs. From such models the output variables including cost of design 
processes are computed. Example of input and output data for construction projects is given 
in Table 2. 

 

Table 2: Construction and Industrial Project: inputs & outputs, based on (Rad, 2002) 

 Input  Output 

 Project Type  Design Cost 

 Frame Material  Structure Cost 

 Exterior Material  Equipment Cost 

 Roof Type  Crew Size 

 Ground Conditions  Labor Cost 

 Desired Floor Space  Phase Duration 

 Equipment Type  Project Duration 

 

Parametric models are refined and tuned for specific project within specific industries. These 
models should be regularly evaluated, validated, calibrated, and customized for accuracy and 
appropriateness. The estimates of cost and duration are usually used to establish preliminary 
budget that will be compared to financial desirability with other projects. It is extremely 
dangerous to use the parametric model to develop definite budgets unless its organization 
allows for major modifications, as the estimate matures throughout the projects life cycle 
(Rad 2002). 
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3.6.3.2. Modular Estimating 
The Modular Estimate is used for projects that have a physical deliverable e.g. refineries, 
power stations, office buildings, or manufacturing plants (Rad 2002). This approach 
characterizes the facility by indices describing quantity and size of key components such as 
(Rad 2002): 

 Power rating 
 Number of pumps 
 Physical size of pumps and turbines 
 Size of plant floor 
 Capacity 
 Number of cranes 

The model bases it calculation on historical data and predictive formulas developed for the 
models characteristics to estimate the project’s cost, duration, and resources. Modular 
Estimating is manly used in construction, process, and manufacturing projects (Rad 2002). 
An example of characteristics and attributes used in a modular estimate are shown in Table 3. 

 

Table 3 : Modular and Parametric models, based on (Rad, 2002) 

 Physical Characteristics  Performance Attributes 

 Flow Capacity  Speed 

 Storage Capacity  Accuracy 

 Number of Equipment  Error Tolerance 

 Size of Equipment  Reliability 

  Friendliness 

 

3.6.4. Weighted Average Method 

In the Weighted Average Method at least three or more projects are compared so that a 
weighted average can be derived. The estimator uses historical data suitable for the project 
and then produces the weighted average calculation; this includes weighted criteria and 
rationale showing how the current project is similar to the comparison examples. The main 
advantage of this method is that it is simple to use, but its disadvantage is the accuracy which 
is solely based on the quality of the historical data and the weightings assigned (Garrett, 
2008). 
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3.6.5. Engineering Build-up Method 

The Engineering Built-up Method uses a bottom-up approach to summarize cost estimates 
performed at low levels of the WBS. An Engineer Build-up Estimate is used at the lowest 
level of detail and consists of labor and materials cost, in addition to overhead and fees. 

This estimate method is based on the assumption that historical cost is a good predictor of 
future cost. The premise is that data gathered at development phase can be used to estimate 
the cost of the production. 

Advantages of build-up technique include: 

 The ability to see exactly what the estimate includes and what may have been 
overlooked; 

 Its unique application to the project and manufacturer; 
 Good insight into major cost contributors; and 
 Easy transfer of result to other projects (GAO 2009). 

Disadvantages of build-up technique include: 

 It can be expensive and time consuming. 
 It is not flexible, and cannot answer what-if questions. 
 A new estimate is always needed for each alternative. 
 The product specification must be stable and well known. 
 All changes to project and processes must be reflected in the estimate. 
 Small errors can multiply quickly into large errors in the summation. 
 Element can be omitted by accident (GAO, 2009). 

3.6.6. Expert Opinion/Judgment 

Expert opinion can be used in the absence of data; this is however considered too subjective. 
Therefore, much data gathering is needed to validate the experts’ opinion. This method relies 
on the interviewing skills of the estimator as he must capture the experts’ knowledge. Experts 
should only be used to estimate cost if it is with in their expertise, and their credentials should 
be validate beforehand (GAO, 2009). It is more common that Expert Judgment is used to 
validate estimates. The expert must consider the details of the project complexities and 
characteristics. The expert may modify the estimate or concur with the conclusion (Rad 
2002). 

Advantages of the expert opinion are: 

 It can be used when no historical data is available, 
 It is quickly performed when experts have been assembled, 
 Different perspectives and unknowns can be realized, 
 It can help cross-checking for CERs that require data beyond the data range, 
 It can be blended with other estimation techniques within the same WBS element, and 
 It can be applied in all acquisition phases (GAO 2009). 

Disadvantages of the expert opinion are: 

 Lack of objectivity; 
 Risk of expert groups will, under influence of one expert, be swayed to bias decision 

making (see discussion on Technical Consensus Method below); and 
 Not very accurate or valid as a primary estimation method (GAO 2009). 
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When data is not available expert opinion can be used, however is should be used sparingly 
and only as a check off. Relying on expert opinion as a main source for cost estimation is 
unwise (GAO, 2009). However, expert judgment can be considered a reliable source for 
checking how realistic an estimate is (Rad, 2002).  

3.6.7. Technical Consensus Method 

Technical Consensus Method is based on group consensus, where experienced, qualified 
personnel are asked to prepare resource estimates and considerations/assumptions. The cost 
estimator cites specific specialists involved, their qualifications, estimation assumptions, data, 
and the average response to support the estimate. This method is used when no structured 
estimating model can be applied (Garrett 2008). 

3.6.8. Range Estimating Method 

The Range Estimate increases the reliability of earlier estimates, by providing a cost range for 
a specific project element. This concept is founded in the PERT technique, where 
probabilistic project duration is obtained with the use of multiple durations defined for 
individual activity durations and then, in addition to the probabilistic project durations, a 
range of likely duration values is computed (Rad 2002). 

Because the range estimate uses probabilistic elemental cost, it provides not only the 
statistically most likely WBS elemental cost but two others; the most pessimistic and most 
optimistic estimate. Using these three costs the most likely cost for the element or project can 
be determined. 

Another approach based on the same information (i.e. the three values must be available for 
all elements of a fully developed WBS) is the addition of a random number generation tool to 
estimate project cost (Rad 2002). 

This method has been shown to limit over-optimistic estimates, as it steers away from 
selecting “in the middle” values. The basis for the method is described by Equation 1. 

  

Equation 1: Range Estimating, based on (Rad 2002) 

1. Elements 

 Optimistic Cost, CO 

 Most Likely Cost, CM 

 Pessimistic Cost, CP 

2. Calculated Expected Cost of Each Activity 

            CE = (CO+4CM+CP)/6 

            Standard Deviation = (CP-CO)/6 

  

Range Estimation can be used for fully developed WBSs, however the range estimating is 
more valuable when the WBS elements have not been fully developed (i.e. early in the 
project life and when cost of the elements is at the order-of-magnitude accuracy) (Rad 2002). 

Note the distribution that is 
assumed is; Burt Pert, λ=4 
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3.6.9. Summary 

There are many Cost Estimating Methods recognised by theory, and some methods go by 
multiple names. In some cases the description and used depends on the cost estimate 
application and the industry it is being used in. The literature is clear on the basics methods 
that make up these methodologies.  

The review has shown each Cost Estimating Method strength and weakness, as well as its 
appropriate application. The estimator must be familiar with these methods and able be to 
assess at what stage in the cost estimation process each method should be used. 

The importance of having a WBS in place early in a projects development has been observed. 
Throughout the review of estimating methods, the reference to the WBS as a fundamental 
cost estimation tool was supported. It is clear that if a quality cost estimate is to be produce, 
then the WBS must be in place so that the project can be sufficiently documented.  
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3.7. Types of Cost 

3.7.1. Direct Cost 

Direct costs or prime costs, is in construction, cost of installed equipment, material and labor 
directly involved in the physical construction of the permanent facility (AACE 2005b).  

Labor 
This cost element is made from different categories of labor. Labor cost is typically defined 
as direct cost; it can be identified and allocated to a specific cost objective. Direct labor cost 
categories include engineering, manufacturing and service labor (Garrett 2008). 

Material 
Material cost is cost that is included in the contracted effort. Material cost generally includes 
raw material, parts, subassemblies, components and manufacturing supplies that become part 
of the product. Collateral cost (i.e. freight and insurance) can also be considered to be 
material cost. Material cost can be either direct or indirect; the difference is that direct 
material cost can be identified to the final cost objective. Indirect material cost can be 
identified to two or more final objectives or an intermediate cost objective (Garrett 2008). 

Subcontractors 
Subcontracted cost includes costs derived from major subcontracted work that is a part of the 
overall project. These costs are usually large, unusual or one-time costs that will benefit the 
proposed contract and cost objective (Garrett 2008). 

Other Direct Cost ODCs can be cost such as travel and living, construction equipment, 
overhead and other miscellaneous Cost. 

3.7.2. Indirect Cost 

In construction, all cost that do not become a final part of the installation, but are required 
for the orderly completion of the installation and may include, but are not limited to, field 
administration, direct supervision, capital cost, startup cost, contractor’s fees, insurance 
taxes and etc. (AACE 2005b).  

Expense Salaries 
Expense Salaries includes indirect employee salaries associated with the time spent 
performing expenses-related activities that are not specifically required for performance on 
contract (Garrett 2008). 

General and Administrative (G&A) Cost 
G&A are management, financial and other expenses related to the general management and 
administration of the business unit as a whole. G&A cost include salaries, staff services and, 
selling and marketing expenses (Garrett 2008). 

Other costs of importance are Fringe Expenses and Contract-Related Cost. 

  



3.8

Due to 
estimate
projects
varies h
organiz
are show
by AAC

The cla
are use
AACE-
AACE 

Table 4

 

8. Co

the fact th
e is usually
s lifecycle u
how theses

zation can h
wn in Table
CE (2005a).

assification 
ed for Engin
-Classificati
are defined

4: Cost Estim

ost Estim

hat Cost E
y not enoug
up-to the po
s project st
have its own
e 5, where t
. 

system that
neering, Pr
ion system a

d further in A

mation Clas

Projec

mate Clas

stimates ne
gh. A Cost 
oint when th
tages are d
n classificat
the standard

t AACE (2
rocurement,
are given in
Appendix V

ssification M

 

ct Cost Estim

35 
 

ssificatio

eed to evol
Estimate n

he tender o
defined and
tion. Examp
ds have been

2005a) prop
, and Const
n Table 4. T
V. 

Matrix, (AA

mation 

on 

lve with pr
needs to be 
or execution
d how man
ples of com
n benchmar

poses is only
truction (E

The cost esti

CE, 2005a)

rojects, one
created for

n stage is re
ny they are

mmon guide
rked to the c

y valid for 
PC) work. 
imation stag

). 

e version o
r each stag

eached. How
e.  Each fi
elines and st
classificatio

cost estima
The detail

ges that are 

f a cost 
ge of the 
wever, it 
firm and 
tandards 
on given 

ates that 
s of the 
used by 

 



Table 5

Figure 

 

5: Comparis

11: Types o

son of Class

of Cost Estim

Projec

sification Pr

mates vs. Pr

 

ct Cost Estim

36 
 

ractices, (AA

roduct Real

mation 

ACE, 2005a

lisation (Ro

a). 

oy 2005) 

 

 



 

In respe
must b
enginee
The de
Finally,
Figure 

Table 6

 

 

 

 

 

ects to the 
e compatib

ering delive
eliverables s
, the expec
11. 

6: Estimate I

Note (blank

Started (S):
sketches, ro

Preliminary
usually bee
approvals. 

Complete (

AACE gui
ble to what
rables for e
shown are 
ted accurac

Input Check

k): developm

: work on th
ough outline

y (P): work 
en conducte

(C): the deli

Projec

dance, if th
t is expecte

each of the f
common p

cy of estim

klist and Ma

ment of the 

he deliverab
es, or simila

on the deliv
d. Developm

iverable has

 

ct Cost Estim

37 
 

hey are to b
ed by AAC
five estimat
practice in 

mation class

aturity Matr

deliverable

ble has begu
ar levels of 

verable is ad
ment may b

s been revie

mation 

be applied, 
CE. Illustra
te classifica
the Proces

es is illustr

rix, (AACE,

e has not be

un. Develop
early comp

dvanced. In
be near com

wed and ap

the quality
ation of the
ation levels i
ss Industrie
rated as a f

 2005a). 

gun. 

pment is typ
letion. 

nterim, cross
pletion exce

pproved as a

y and detail
e project d
is given in 

es (AACE, 
function of 

pically limit

s-functional
ept for final

appropriate.

l of data 
data and 
Table 6. 
2005a). 

f time in 

ed to 

l reviews 
l reviews 

 

 



3.9

Conting
dealing 

“An am
occurre
aggrega

A cost 
Approa
needed 
overrun
should 
(AACE

In engin
of unce

Project 
making 
caused 
estimate

Process
It is an
For tho
compen
Exampl

 

 

Table 7
(Parson

Note: S
Report 

9. Co

gency is ad
with the un

mount added
ence, and/o
ate, in addit

that cannot
aches using

should be 
n the estima
be high. A

E, 2005b).  

neering pro
rtainties; th

t Contingen
g the estimat

by lack of 
e inaccurac

s Contingen
 effort to q
ose technic

nsate for t
les of Proce

7. Process 
ns, 1999). 

State of the 
(PDR). 

ost Conti

dded to the 
nknown fact

d to an estim
or effect is
tional costs

t be accoun
g a “static”

a function 
ate. If it is 

Arbitrarily a

oject two typ
hey are Proje

ncy is base
te. This type

f complete e
cy associate

ncy is based
quantify the 
cal areas 
the inheren
ess Continge

Contingen

Art (SOTA

Projec

ngency

estimates t
tors that are

mate to allow
 uncertain 
”. 

nted for wh
” contingen

of the des
likely that 

assuming a 

pes of conti
ect Conting

d on the d
e of conting
engineering
ed with each

d on the deg
uncertainty
with great

ntly greater
encies are i

cy: Compa

A), Concept

ct Cost Estim

38 
 

to counter r
e a part of a

w for items,
and that 

hen the estim
ncy value a
sired probab
cost will ex
constant v

ingencies a
gency and Pr

degree of pr
gency cover
g. Project c
h stage of a 

gree of unce
y in perform
ter risk, th
r inaccura
illustrated in

arison of E

tual Design

mation 

risk and un
any project. 

, conditions
experience

mate is mad
are not rec
bility that t
xceed the e

value of 10%

are used to c
rocess Cont

roject defin
rs expected 
ontingency 
project. 

ertainty cau
mance beca
he process 
acy associa
n Table 7. 

Estimate Cl

n Report (CD

ncertainty, it
AACE (200

s, or events f
 shows wi

de is met b
ommended
the final pr
estimate, th
% continge

compensate
tingency (P

nition availa
omissions a
compensat

used by use 
ause of limi

contingenc
ated with t

asses for V

CDR), and P

it is one me
05b) define

for which t
ill likely re

by the conti
d. The cont
roject cost 

hen the cont
ency, is not

e for differe
Parsons, 199

able at the 
and unfores
tes for the 

of new tech
ited technic
cy is desig
the cost e

Various Sit

 
Preliminary

ethod of 
s it as: 

he state, 
esult, in 

ingency. 
tingency 
will not 
tingency 
t logical 

ent types 
99).  

time of 
seen cost 
inherent 

hnology. 
cal data. 
gned to 
lements. 

tuations, 

y Design 



It is imp

 
 
 
 

The ter
buffer f
for cost
to those
objectiv

Conting
omissio
address
refers to
the cont
in proje

Accord
conting
account
of proj
estimato

Therefo
Conting
and Tab

 

It is im
range r

 

            
8 50% lev

portant to p

Major scop
Extraordina
Manageme
Escalations

rms conting
fund. The te
t estimate in
e funds tha
ves (Rad 20

gency fund
on, and mis
s as part of 
o funds that
tract budget

ect environm

3.9.1. Cos

ing to Par
gency analy
t for uncerta
ect and pro
or decides t

ore, if a n
gency Allow
ble 7 in con

Design Com
o Proj
o Proc
o Tota

mportant to 
reflects the u

                  
vel of confide

oint out tha

pe change 
ary events 
nt reserves 

s and curren

gency and c
erm conting
naccuracies
at are set a
002). 

ds are not 
scalculation
renegotiatio
t the client 
t, and is int

ment or obje

st Conting

rsons (199
ysis on each
ainties assoc
ocess conti
the Total Es

new design
wance (RCA
nnection to e

mplete: 50-
ject Conting
cess Contin
al RCA: ± 3

stress that 
uncertainty 

                  
nce 

Projec

at usually co

ncy effects 

lient-reserv
ency is used

s resulting f
aside to sub

intended to
n in estimat
on for new 
set asides a
ended to ac
ectives (Rad

gencies R

9) research
h element o
ciated with 
ingencies. T
stimated Co

n with a
A) for that p
example) is:

100% (perc
gency: ± 5%

ngency: ± 30
35-75% 

this would
that follows

 

 

ct Cost Estim

39 
 

ost continge

ve are often
d for funds 
from lack of
bsidize the 

o cover co
ting. Costs 
budget or 

as part of th
ccommodate
d 2002). 

Recommen

h on AAC
of the WBS
different ph

The applica
ost (TEC) fo

PDR is u
project at Co
: 

centage of p
% (based on
0-70% 

d only be th
s the use of 

mation 

ency exclud

n confused a
that are add
f project de
cost chang

ost of error
that arise 

new contra
he organizat
e project co

nded Pract

CE-guidelin
S. By using
hases of the
ation of th
or each elem

under consi
onstruction

project defin
n P508) 

he RCA for
f new techno

es (AACE, 

and used to
ded to estim
etails. The c
ge caused b

rs in design
out of such

act, and etc.
ional budge
st variation

tice 

es, it is f
g this metho
e project and
e method i

ment as follo

ideration, t
-stage (i.e. C

nition) 

r one WBS 
ologies. 

2005b): 

o describe th
mates to com
client-reserv
by change i

n, impleme
h issues sh
. The client
et, but is ap
ns caused by

favorable to
od it is pos
d use comp
is simple, 
ows: 

the Recom
Class I, see

element. T

he same 
mpensate 
ve refers 
in client 

entation, 
hould be 
t-reserve 
art from 

y change 

o apply 
ssible to 
ensation 
the cost 

 

mmended 
 Table 4 

The wide 



Rothwe
project.
distribu
in Figur

Based o
accurac
Monte-
The sta
conting
method
distribu

 

Figure 

For exa

X : leve

Z : Z-v

 : Sta

Using n
conting

This for

3.9.2. Sta

ell (2004) p
. Two distr
uted cost est
re 12, and a

on this met
cy and confi
Carlo techn

andard devi
gency with 
d allows for
ution of the 

12: Cost es

ample if cos

el of accura

value, depen

andard devia

normal distr
gency is calc

rmula can b

andard Dev

proposes th
ributions are
timate and (
an example 

thod the sta
idence in th
niques. It is
iation techn
expectation
r easy com
cost estimat

stimate with

t estimate is

acy

nds on confi

ation

ribution for
culated as: 

be used for a

Projec

viation as

e use of st
e defined f
(2) non-sym
of a non-sy

andard dev
he cost estim
 also possib

nique gives
n regarding
mparison of 

te (Rothwel

 a normal d

s normally d

idence level

r Finalized 

X

Z
 

all the cost e

ct Cost Estim

40 
 

s Continge

tandard dev
for governin
mmetric dist
ymmetric dis

viation can 
mate based o
ble to use s
s the estima

accuracy a
f cost contin
ll 2004). 

distribution,

distributed 

l  

Estimate w

10%

1.28

X

Z
 

estimate sta

mation 

ency 

viation to e
ng the need
tributed. Th
stribution is

be determin
on expert ju
software lik
ator a meth
and confiden
ngency per

, (Rothwell

the conting

And we 

with X= ±1

7.8%  

ages since n

stimate the 
ded conting
e normal di
s shown in F

ned either 
udgment, or
ke @Risk (a
hod for com
nce of the 
rcentages w

2004). 

ency level c

have:          

0% and 80

normal distri

e contingenc
gency, (1) n
istribution i
Figure 13. 

by conside
r using stati
an EXCEL 
mparing va
cost estima

with the pro

 

can be foun

 
X

Z
   

0% confiden

ibution is a

cy for a 
normally 
is shown 

ering the 
istical or 
add-in). 

alues for 
ate. This 
obability 

nd as:  

nce. The 

ssumed. 



Figure 

The non
value, t
estimate
(which 
distribu

Using t
project 
the cos
confide

Figure 
2004). 

13: Lognor

n-symmetri
than the hig
es indicates
is a possibi

ution is more

the example
stage estim

st distributi
ence level of

14: Lognor

rmal densiti

ic cost estim
gh range. T
s, and there
ility when u
e realistic fo

e given by R
mates is foun
ion by the 
f 80%, as is

rmal Cumul

Projec

es for three

mation is fa
The reason 
e is no poss
using the no
for many cos

Rothwell (2
nd, see Figu

mode. Th
s illustrated 

lative Distri

ct Cost Estim

41 
 

e project sta

avourable b
for this is 

sibility that 
ormal distrib
st estimates

2004), the l
ure 14. Then
e standard 
in Table 3.

ibutions for 

mation 

age estimate

because the 
that final c
the final co
bution). Ba

s (Rothwell 

lognormal c
n, the mode

deviation 

Three Proj

es, (Rothwel

low range 
cost is  oft
ost will eve
sed on this 
2004). 

cumulative 
 is set equa
and range 

ject Stage E

 

ll 2004). 

is less, in 
ten higher t
er be less th
the non-sym

distribution
al to 1.0 by 

can be fo

Estimates, (R

absolute 
than the 
han zero 
mmetric 

n for the 
dividing 

ound for 

 

Rothwell 



Table 8
2004). 

Table 8
conting
be 7%. 

The EI
division
Conting
(2010) i

“specifi
particul
will inc

Howeve

“The te
design. 
kind un

Thus, b
This is 

Based o
conting
process
percent
guidelin

Howeve
selectin
Neural 
and Lin
knowle
2010). 
managin

Ultimat
informa
conside
quantita

8: Medians

8 shows th
gency for a F

3.9.3. EIA

IA in its re
n of the co
gency Facto
indicates, th

fic provisio
larly impor

crease costs 

er, the TOF

echnologica
It reflects 

it”. EIA (20

based on the
a similar to

3.9.4. Sum

on the liter
gency is elem
s factor) to 
age is then
nes. 

er, more pr
ng the contin

Network (A
near Regres
dge of stat
This appro
ng and estim

tely, the ap
ation that i
er the envir
ative). Also

, Means, a

at by settin
Finalized E

A Approac

eport Assum
ost continge
or (PCF) and
hat continge

n for unfo
rtant where p

are likely t

F is defined 

al optimism
the demons

010). 

e EIA appro
 what the A

mmary 

rature revie
ment based,
depict the u

n selected is

restige prac
ngency leve
ANN) (Che
ssion (Sonm
istical analy
oach is bas
mating qual

pproach sel
s to be use
ronment he
, contingen

Projec

and Standar

ng the cont
Estimate wit

ch to Cost 

mptions to 
ency. EIA 
d Technolog
ency allowa

reseeable e
previous ex
o occur”. 

as: 

m factor is 
strated tend

oach the con
AACE-guide

ewed it can
, and then sp
uncertainty
s more diff

ctitioners re
el, namely; 
en and Hart
mez et.al. 20

ysis and su
sed on exp
litative facto

lected for 
ed for the 

e is working
cy should b

ct Cost Estim

42 
 

rd Deviatio

tingency le
th an 80% c

Continge

the Annua
(2010) use

gical Optim
ance is defin

elements if
xperience ha

applied to 
dency to un

ntingency m
e described 

n be stated
plitting con
of cost and

ficult to sta

ecommend 
Monte Carl

tman 2000)
007).  Other
uggest a for
pert judgme
ors. 

contingency
estimate. T
g in and w

be considere

mation 

ons for Log

evel equal t
confidence 

ency 

al Energy O
es two Con

mism Factor
ned by the A

f costs with
as shown th

the first fo
nderestimate

multiplier is
in section 3

d that the p
ntingency in
d required m
ate, the liter

statistical a
lo Simulatio
, Belief Ne
r views poi
rm of Fuzz
ent, but us

y must tak
Therefore, e
what data h
ed for each e

gnormal Es

to the stand
interval -8%

Outlook 20
ntingency F
r (TOF). For
AACE as: 

hin a defin
hat unforese

our units of
e actual co

s the sum o
3.9.1. 

preferred m
to two facto

material. Ho
rature point

and mathem
on (Al-Baha
twork (Kha
nt to the pr

zy Expert S
es a struct

ke into acc
each Cost E
he is using 
element of t

stimates, (R

dard deviat
% and +10%

010, recomm
Factors the
r the PCF, T

ned project
eeable even

of a new, u
osts for a fi

f these two

method of a
ors (e.g. pro
ow the cont
ts to standa

matical anal
ar, 1988), A
alafallh et.a
ractitioner’s
System (Idr
tured appro

count the a
Estimator n
(i.e. qualit

the WBS. 

Rothwell, 

 

tion, the 
% would 

mends a 
Project 

The EIA 

t scope; 
ts which 

nproven 
rst-of-a-

 factors. 

applying 
oject and 
tingency 
ards and 

lysis for 
Artificial 
al. 2002) 
s limited 
rus et.al. 
oach for 

available 
needs to 
tative or 



Project Cost Estimation 

43 
 

3.10. Conclusion 

The review of literature was mainly based on solid well established knowledge, which has 
been tuned and developed over the decades. All the resources that were used are new and up 
to date in respects to theory and publications. Estimation of cost is a process that requires 
much of documentation. These inputs are in most cases outputs from other process that must 
have been started or finished prior to the estimation of cost. 

This review has documented what can be considered to be current best practice regarding the 
methodological approach for performing a cost estimate. As has been shown it requires much 
preparation and work. If a company or an agency wants to be able to meet the requirements 
of best practice it is likely that it needs a state-of-the-art project management framework, 
along with capable project management professionals.  

It is clear that there are many approaches available when it comes to choosing a methodology 
for estimating cost. The route taken depends on the focus of the organization and its projects. 
In some cases the methods used can vary between projects as not all projects require the same 
accuracy, and more importantly, available information regarding a project differs much from 
one project to another. 

The importance of the WBS as a management tool was illustrated, in fact all the literature 
reviewed recognized it as a fundamental part of the project management process. The WBS 
provides a unified view of project data, in addition to integrating cost and schedule control. 

Cost estimates created by Cost Engineers applying the appropriate cost estimating methods 
and documentation described in this chapter will produce quality estimates. The use of Risk 
Analysis and contingency, based on the WBS gives the project stakeholders the best possible 
view of the likely cost of a project.   
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4.3. Cost Estimation Methodology 

The Landsvirkjun Cost Estimation Model is made from two parts, the first part Kolla 5.0a   
(i.e. the unit price part of the model) is a parametric model. Kolla 5.0a uses CER to create 
formulas to estimate cost. Kolla 5.0a hold a large registry of task, and each task is composed 
of independent elements. The fundamental independent elements are labor, material and 
machinery costs (Landsvirkjun 2006). 

Six project phases are defined in the Landvirkjun Cost Model: 

 Feasibility (8) 
 Preliminary design (7) 
 Project design (6) 
 Tender design (5) 
 Contracting (4) 
 Project closure (0) 

Each phase is given a number ranging from zero up-to eight. To add to the otherwise clear 
definition of the project phases, a project can be between phases (i.e. having a number like 
7.6). 

In the task registry, efficiency of labor and machinery is estimated, along with the material 
cost (if appropriate). The task registry uses this information to estimate the cost of using e.g. 
dynamite for rock blasting and pushing the rock with a bulldozer, this would include: 

a) Cost of work = Operator (bulldozer) [ISK/m3] + Specialists (dynamite) [ISK /m3] 
b) Cost of machinery = bulldozer (O&M) [ISK /m3] + drill (O&M) [ISK /m3] 
c) Cost of material = Rock (free) + dynamite and charge [ISK /m3] 

The summary of factors a, b and c multiplied by the estimated amount of rock (m3) gives the 
total cost of this task. Kolla 5.0a holds the unit costs of the independent elements; the only 
input necessary is the quantity estimate. Kolla 5.0a unit costs information is based on 
historical and supplier data (Landsvirkjun 2006). 

The second part, making-up the Landsvirkjun Cost Estimation Model is the quantity estimate. 
The methodology applied in estimating quantities depends on the firm performing the 
estimate; each firm uses its own preferred quantity estimate method. Early quantity estimates 
when limited design data is available can be based on model outputs or Expert Judgment.  

However, as design progresses and more information becomes available the quantity 
estimates become progressively more dominated by the application of the Engineering Build-
up Method. At the later stages some minor aspects of the projects may have to be estimated 
by use of Expert Judgment since project data is rarely exhaustive, still the focus is many on 
quantity take-offs from drawings (Júlíusson 2010). 

The unit pricing model is well defined and clearly set-up. Precondition regarding the CERs 
are described in detail in Landsvirkjun’s Cost Estimation manuals. The quantity model(s) are 
not coordinated by Landvirkjun therefore each firm applies its own methodology (e.g. 
Parametric, Analogy or Expert Judgment method). Research into the details of the quantity 
models and how the methodologies are applied are outside the scope of this research. In 
Figure 16 the general structure of the Landsvirkjun Cost Estimation Model is illustrated. 
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4.4. Contingency  

The contingency, as described by literature does not stand for the same thing as is discussed 
in the guidance for the cost estimator. There it is called unforeseen cost and defined as: 

The unforeseen cost is intended to cover bias in estimation. Also, the unforeseen cost covers 
additional work and unknown site conditions (Landsvirkjun 2006).  

This statement indicated a blurry line between contingency and unforeseen cost. According to 
Júlíusson (2010), contingency is not covered in Landsvirkjun’s Cost Model itself. The model 
calculates the total cost of the project without contingency, but includes unforeseen cost that 
it limited to the contractors work.  This unforeseen contractors cost can be estimated by the 
use of a predefined formula that is based on the previously mentioned project design level. 
This unforeseen cost formula, therefore, gives a “static” value (i.e. does not consider 
probability or risk) (Landsvirkjun 2006). 

Though the model does not include the contingency by default, it can be added to the cost 
models estimate manually (i.e. the output calculations would be manipulated). Such 
procedures are not described in Landsvirkjun’s guidance. However the guide leaves room for 
interpretation, this is therefore left up to the estimator.   

4.5. What is Being Estimated 

It is important to clarify what type of cost is estimated by the Landsvirkjun Cost Model. The 
previous chapters have defined two types of cost; direct and indirect cost. The Model takes 
both types into consideration (Landsvirkjun 2006). 

The indirect cost is split up into preparation cost of contractor, Site cost of contractor, 
unforeseen cost i.e. additional work not directly connected to project and other contractor 
costs. The indirect costs is estimated based on CERs, where the location of the project is 
connected to start-up, traveling & living, management, financial and other expenses related to 
the general management and administration (Landsvirkjun 2006). 

The direct cost is also described by CERs that have been defined in the parametric model. 
Figure 16 illustrates that the direct cost is based on labor, machinery and material. The 
summary of the direct and indirect cost represents the total estimated cost. In addition to cost 
the model can estimate time durations and resource requirements (material, equipment and 
labor) (Júlíusson 2010).  

4.6. Conclusion 

Based on the information available it is clear that the cost model itself is well defined (i.e. 
CERs). Guidance regarding other aspects of the model, such estimating risk and adding 
contingency were not discussed. A classification system for estimates does not seem to be in 
place similar as was discussed in section 3.8. It was concluded that the model is in fact 
consisting of two parts. One covering the CERs and calculations of cost, the other focused on 
providing quantity estimates. Finally, the WBS used by Landsvirkjun to define its projects 
was described and illustrated in a figure.   
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5. Landsvirkjun Case Study: Analysis and results 

5.1. Introduction  

Landsvirkjun: Analysis and Results is intended to draw together and conclude the main 
subjects that where identified in the research and need further attention. This is, as previously 
stated based on the comparison of best practice and current practice. 

5.2. Presentations of results 

5.2.1. New Proposal for the WBS 

The State of the Art Review shows that the WBS is a fundamental tool for defining scope and 
breaking-up a project so that 100% of the required project work is documented. The 
application of the WBS leads to the creation of the time schedule, resource and labor 
requirements. Cost Accounting and Estimating are also directly connected to the WBS. 

It is clear that for a large project (e.g. a hydropower project), it is necessary to have a 
complete and detailed WBS in place that secures the high precision for defining the project 
scope. Therefore, a more detailed WBS is proposed for the Landsvirkjun Cost Model, see 
Figure 17. 

As is illustrated in Figure 17, the proposed WBS includes eight levels (i.e. seven main WBS-
levels in addition to one level reserved for Level of Effort (LOE)). Levels one to four are 
Managerial Levels, that is, they are defined by Landsvirkjun’s project team, and illustrate the 
project and its deliverables. The Managerial Levels can also be used to map Project 
Management related work and milestones. The remaining levels are Technical Levels and are 
developed by the engineering firm (i.e. the designers). The 100% rule applies for both the 
Managerial and Technical Levels. 

Cost Accounts need to be assigned to the WBS to secure the connection to the Cost 
Management and the assignment of organizational responsibility for project sections. The 
Cost Accounts should be reviewed in connection to the OBS and CBS. The review of theses 
factor are outside the scope of this research. 

Landsvirkjun’s hydropower projects include similar deliverables; therefore, a standardized 
WBS is applicable for Landsvirkjun hydropower projects. Standardization of the WBS 
secures repeatability of procedures, benchmarking of project and clear documentation of 
project processes. This, along with the creation of historical data, will allow future project 
managers to learn from projects and hopefully improve upon them in the future. 
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5.2.2. Risk Management 

Risk Management is a fundamental part in the management of projects, and pinnacle in 
relation to estimation of cost. The correct application of Risk Management gives the project 
stakeholders an overview of likely risks and otherwise hidden costs. For the cost estimator, 
information outputs from Project Risk Management enables him to asses with more detail the 
project’s cost.  

The review of Landsvirkjun’s Cost Model guide did not reveal a structured approach to Risk 
Management (Landsvirkjun 2006). This is a major concern in respects to the accuracy of the 
model. Unclear management of risk further increases the possibility of risk materializing in 
the Execution Stage of the project. Such risks cost projects substantially more than if the risk 
had been identified early in the Defining/Planning Stage. 

Risk is likely estimated by some means for Landsvirkjun’s projects (probably by the 
engineering firms). Landsvirkjun must define how it wants the Risk Management to be 
performed. This definition, however, should be concerned with what Landsvirkjun’s requires 
to be analyzed and to what extent (i.e. what quality is expected and what documents should 
be produced). The technicalities and selections of risk analysis tools should be left to the 
engineering firms. 

5.2.3. Cost Estimate Classifications 

It has been shown that Landsvirkjun uses six phases for locating project in the construction 
life-cycle, as previously discussed. Theses phases are not suitable for using in connection to 
cost estimations. Landsvirkjun should make the effort to define such a cost estimate 
classification system. Also, requirements of the estimate classes should be clearly 
documented. A suggestion of such a classification system, based on the literature review is 
illustrated in Table 9. 

Table 9: Suggestion of New Cost Estimate Classification for Landsvirkjun.  

Estimate Class 
Level of Project 

Definition [a] 
End Usage 

[b] 
Methodology [c] 

Expected Accuracy 
Range[d] 

Order of 
Magnitude 

0% to 2%  
Concept 

Screening 
Analogy or Expert 

Judgment 

L: -20% to -50% 
H: +30% to +100% 

Feasibility 1% to 15% 
Study of 

Feasibility 
Parametric Model or 

Expert Judgment 

L: -15% to -30% 
H: +20% to +50% 

Preliminary 
design 

10% to 40% Budget 
Parametric Model, 
Expert Judgment or 
Engineer Built-up 

L: -10% to -20% 
H: +10% to +30% 

Tender design 30% to 70% Control 
Parametric Model or 

Engineer Built-up 

L: -5% to -15% 
H: +5% to +20% 

Contracting 50% to 100% Bid/Tender 
Parametric Model or 

Engineer Built-up 

L: -3% to -10% 
H: +3% to +15% 

Notes: [a] Expressed as % of completed definition. [b] Typical purpose of estimate. [c] Typical 
estimation method. [d] Typical variation in low and high ranges (contingency typically at 50% 
level of confidence). 
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5.2.4. Clarifying the Contingency 

Based on the Landsvirkjun Cost Model Case Study it is clear that the application of cost 
contingencies need to be defined. The contingency allowance with respects to estimation 
classes must be selected. 

It is common to use standards or guidelines to estimate the cost contingency. In these cases a 
specific amount of cost contingency is recommended for specific classes of cost estimates. 
The organizations that make these standards base these ranges on accumulated knowledge 
that has been obtained over time; their guidance should not be adopted blindly. All guidance 
and standards should be weighed and adjusted with the help of Expert Judgment. 
Landsvirkjun can also make its own guidelines or (as has been implied) simply adopt an 
international standard. 

The application of the contingency, based on the State of the Art Review suggests that the 
contingency should be applied in connection to the WBS. Standards or guidelines should be 
used along with Expert Judgment where quantitative data cannot be applied. However, when 
quantitative data exist statistical and mathematical analysis should be used.  

Finally, contingency and its connection to risk in the Landsvirkjun Cost Model is poorly 
defined and need more attention. The division of project and process contingency need to be 
addressed as well as the distinction between contingency, client reserve and new/additional 
work. 

5.3. Conclusion 

Landvirkjun needs to implement as standard WBS for it hydropower projects. Such a tool 
gives the company a much better overview of it projects and deliverables. The WBS also puts 
pressure on the engineering firms to document with clarity what work they need to have 
performed. Cost and scheduling of project becomes easier, and the basis for Earned Value 
Management automatically becomes an integrated part of all projects. And most importantly 
the WBS improves the flow of information between project stakeholders.  

A company like Landvirkjun should have a cost estimation classification system in place. It 
should be clear what each estimate represented and how accurate they are expected to be. 
Also the information used to prepare the estimates should be standardized, to secure the 
quality of estimates. Having compatible cost estimates makes benchmarking simple and 
increases the possibility for identifying areas of improvements.  

Risk Management needs to be reviewed, but as with the other analysis, Landsvirkjun should 
state how detailed such an analysis should be. It should be possible to compare risk analysis 
and see what factors are constantly causing the most problems. The same can be said about 
the contingency; however it is clear that it should be based on the WBS elements. 

Finally the question must be raised, is it acceptable to Landsvirkjun that it only requires the 
calculations of unit cost estimates to be compatible?   
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6. Small Hydropower Plants Case Study 

This case study is intended to review and document up-to-date theory available about Small 
Hydropower plants. It is necessary to study the definition that exist regarding small hydro and 
not simply adopt local practice. Accepting local standard and practice can be considered 
sufficient in connection to local studies, but for a masters-research a scientific approach must 
be applied. 

Also, cost estimation approaches need to be intended specifically for a certain type of 
projects. The projects that are considered for the EF-Project, which this case study is intended 
to support, are of that nature (i.e. small hydropower plants).  

As has been stated previously this research is aimed at defining the correct methodology that 
should be used for estimating cost, and therefore not the specifics and details of calculations. 
Still for the purposes of this case study the major components of cost need to be identified. 
The detailed analysis of formulas and how they are built up is outside the scope of this 
research. Also, any formulas and assumptions would need to be based on historical data that 
had been gather and analyzed, (no such data was found for this research). 

6.1. Definition of Small Hydropower Plants  

It is important to get a clear view of what the phrase Small Hydropower Plant (SHP) means. 
The definition of a SHP varies much between countries. Hydropower plants are commonly 
classified based on: 

 Design Capacity (kW installed capacity) 
 Design Head 
 Design Type (layout) 
 Type of Supply (grid type or destination of supply) 

The following sub-sections focus on providing a clear picture of what is meant by SHP. It is 
fundamental that the classification of small hydropower plants is clear, since any data 
gathering and processing will take this into consideration. This directly affects the creation of 
historical data, which is the foundation of any cost estimate. Regarding the type of supply, 
this subject will not be discussed in detail, as it is self-explanatory. 
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6.1.1. Design Capacity 

In Table 10, examples of station capacity for SHP are given (The full listing of the various 
definitions of Small hydropower Plants found is given in Appendix VI). 

Table 10: Small Hydropower Plants Definitions (Varun 2008, Kumar 2008, AGMHP2008, 
ESHA 2004) 

Country Power (MW) 

Sweden < 1.5 

Italy < 3 

UK(NFFO9) < 5 

UNIDO10 < 10 

UNIPEDE11 < 10 

ESHA12 < 10 

Portugal < 10 

Ireland < 10 

Spain < 10 

AGMHP13 < 10 

Belgium < 10 

Greece < 10 

France < 12 

 

Table 10, indicates a tendency towards 10 MW being set as the upper limit for installed 
capacity of SHP in the European Union (ESHA 2004).  

The definitions in Table 10 are not compatible with what is commonly considered to be SHP 
in Iceland. In Table 11, an example of an Icelandic definition of a SHP is given as well as a 
comparison to India and Germany.  

Table 11: Classification of Small Hydropower (Varun 2008, AGMHP 2008, Mannvit 2010) 

Country 
Pico-

Hydropower 
Micro-

Hydropower 

Mini-
Hydropower 

(MHP) 

Small-
Hydropower 

(SHP) 

Full scale 
(large) 

Hydropower 

Iceland X <100 kW 100 – 300 kW 300 – 1000 kW > 1 MW 

Germany <500W 0.5 – 100 kW 100 – 1000 kW 1 – 10 MW > 10 MW 

India X <100 kW 101 – 2000 kW 2.1 – 25 MW > 25 MW 

                                                 
9 The Non‐Fossil Fuel Obligation 
10 United Nations Industrial Development Organization 
11 International Union of Producers and Distributors of Electricity 
12 European Small Hydro Association 
13 ASEAN‐German Mini Hydro Project 
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Based on the review performed in this section it is clear that what is generally considered to 
be a SHP in Iceland is regarded as MHP in other countries. Also, the commonly used 
definition if a SHP in Iceland is 1/10 of what is commonly being considered to be SHP in 
many EU-countries. For the purposes of this research any scheme with an installed capacity 
of 1 MW or less will be considered as SHP. 

6.1.2. Design Head 

In Table 12, three classifications for SHP head14 are illustrated. In connection to head it has 
been concluded by Aggidis et al. (2010) and Jones (1988) that a head lower than two meter is 
usually not economical and therefore not considered as a suitable hydropower project. 

Table 12: Head Classifications (Mannvit 2010, AGMHP 2008, BHA 2005, ESHA 2004) 

Classification ESHA 
Mannvit 

Engineering 
AGMHP BHA15 

High head >100 m > 250 m > 50 m > 50 m 

Medium head 30 – 100 m 50 – 250 m 15 – 50 m 10 – 50 m 

Low head 2 – 30 m < 50 m < 15 m <10 m 

 

Based on the review in this section it is clear that it is difficult to state how head should be 
classified in connection to SHP. Since the EF-Project is concerned only with SHP-Projects in 
Iceland the definition given by Mannvit Engineering is adopted. However it is pointed out 
that German and UK literature suggest that these values be much lower (AGMHP 2008, BHA 
2005). 

6.1.3. Design Type & Site Layouts 

For clarification purposes this section will be split into two sections, first the design type and 
then the site layouts of hydropower plants. 

6.1.3.1. Design Type 
The design type refers to the main two classifications of hydropower plants. Schematics 
along with the main components of a hydro system are illustrated in Figure 18 and Figure 19. 
The definitions of these two design types are given here below: 

Storage plants—these plants have enough storage capacity to off-set seasonal fluctuations in 
water flow and provide a constant supply of electricity throughout the year. Large dams can 
store several years’ worth of water (Green 2010). 

Run-of-river plants—these plants use little, if any, stored water to provide water flow 
through the turbines. Although some plants store a day or weeks’ worth of water, weather 
changes—especially seasonal changes—cause run-of-river plants to experience significant 
fluctuations in power output (Green 2010). 

                                                 
14 Net Head: Normally  used  in  context  of  head  availability  to  turbine.  It  is  equal  to  the  gross  head minus 
hydraulic losses in the waterways as the water passes from headwater to tailwater (ASCE 1989) 
15 British Hydropower Association 
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6.1.4. Considering the Build-up of Cost 

Having established what is meant by a SHP it is necessary to find out how the cost of such 
projects is defined. To be able to describe the approaches to estimate cost of such project the 
main cost elements need to be outlined. According to RETScreen (2004) and BHA (2005), 
the costs of a small hydro generating station16 can be described under these headings: 

 Civil Works 
 The Cost of grid-connection 
 Electrical & Mechanical Equipment 
 Engineering and project management fees 

The focus of this review will be on (1) civil works and (2) electrical & mechanical 
equipment; these topics will be discussed in the following sections. The grid-connection and 
engineering and management fees are minor compared to other cost. This does not mean that 
those cost can be neglected, however, they can be added as lump-sums or percentile of other 
costs. 

6.1.4.1. Civil Work 
To begin with a weir or dam directs the water into a canal, tunnel, penstock or turbine inlet. 
After the water has passed through the powerhouse it goes to the tailrace and then back to the 
river. Weirs or dams usually are the largest cost of SHP. The water passages of a SHP are the 
following: an intake and a trashrack, a gate and an entrance to a canal, penstock or directly to 
the turbine. The entrance and exit of the turbine include valves and gates (RETScreen 2004).  

This is the general description of the main components of a standard SHP.  Civil work will be 
split-up into categories based on the main components of the SHP. These categories work as 
umbrellas. Each category has many smaller components of the SHP within.    

According to Singal (2010), the main civil work of a SHP can be divided into: 

a. Diversion dam or weir and intake 
b. Desilting chamber 
c. Power Channel including head race tunnel 
d. Forebay and spillway 
e. Penstock 
f. Powerhouse building 
g. Tailrace channel 

  

                                                 
16 RETScreen defines small hydro as: 1‐50 MW 
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6.1.4.2. Electrical-Mechanical Equipment 
The Electrical-Mechanical equipment is the equipment and systems required to develop the 
energy available in the flowing water and then to convert it into electrical energy, to control it 
and transmit it to the power grid. Regarding cost and space the major items are the turbines 
and generators (Singal 2007). Similar as before these are the main cost components of the 
SHP and are umbrellas for other components of the SHP. 

According to Singal (2010, 2007), RETScreen (2004), the main electrical and mechanical 
components of SHP are: 

a. Inlet Valve 
b. Turbines with governing system 
c. Draft tube 
d. Gates 
e. Generator with excitation system,  
f. Electrical protection and control system 
g. Transformers for station service and power transmission; 
h. Electrical switchgear 
i. Water shut-off valve(s) for the turbine(s); 
j. Hydraulic control system for the turbine(s) and valve(s); 
k. Utility interconnection or transmission and distribution system. 

6.1.5. Summary 

This section has reviewed the main aspects that need to be considered when defining SHP-
Projects. It was found that of the three topics (design capacity, design head and design type) 
the design type (i.e. layout) was generally compatible within literature. However, the 
Icelandic approach is, in the opinion of the author, much clearer than the other two 
definitions of site layouts. This is based on the following: 

 The Icelandic (Mannvit) approach defines four versions of the site layout; between 
these version all possible layout versions are covered.  The BHA and Jones site 
layouts also cover most of the same layouts as Mannvit, however they introduce two 
other types (Mill Lear and Powerhouse) of layouts which are not specific layout types 
but repurposing of existing structures and therefore not appropriate (more relevant in 
connection to new project, repurposing or refurbishing of old sites). 

 This is understandable since there is likely a large marker in these countries for 
converting existing structures into SHP. However the classification of it as a specific 
layout type is not in accordance with the other definition. The fact that the 
hydropower plant is built in a ‘green field’ or ‘brown field’ does not affect the layout 
type, only the complexity and cost of the project.  

The other two topics (design capacity and design head) varied much between sources; likely 
due to the fact each country uses its own norms and market size to define them. Indications of 
standardizing of these factors within the EU were identified and that is something that needs 
to be considered in the future. 
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6.2. Considerations for EF-Project Cost Estimation 

In section 6.1 the definitions of a SHP and its main cost elements have been identified. This 
section and its sub-sections aim to summarize the findings of what has been concluded 
previously in this case study. The goal is that from this a foundation for the classification and 
sorting of projects can been established, eliminating any confusion about what is meant by a 
SHP-Project specifically in connection to the EF-Project. 

6.2.1. SHP-Projects Classification system 

Based on this case study it is possible to draw together what has been established regarding 
the classification of SHP-Projects. The classification system in Table 13 can be used to sort 
the various project that need to be studied to compile a historical databank of small 
hydropower projects in Iceland (further discussed in Chapter 7). 

Table 13: Classification of SHP in Iceland, Adopted from Mannvit (2010) 

 

Having such a classification system is the first step of defining the SHP-Projects. The next 
step is to create a standard WBS for each of the classification depicted in Table 13. These 
four WBSs would be similar, but not identical, they allow for a standardized breakdown of 
these classifications, and provide a numbering system for each component based on the 
layout type. Also, the clarification and tractability of cost relationships provides a strong 
bases for further analysis and buildup of a cost estimation system (see further discussion in 
Chapter 7). The WBSs also provides a basis for planning and scheduling such projects. 
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7. SHP Analysis and Results: EF-Project 

In this chapter a proposal of a methodology approach to be used for the EF-Project is set forth 
based on the research findings. This is intended to be used as guidance for the approach 
taken, if it is decided to create a cost estimation model. 

7.1. Method Selection 

The Modular Estimate method is proposed for the EF-Project. This method is used for 
projects that have physical deliverables as described in section 3.6.3.2.  The use of this 
method provides a means to select the deliverables needed for each specific project based on 
the SHP-project classification. Then the cost could be estimated for each deliverable based on 
historical information. 

7.2. Historical Data 

In recent years much interest has risen into the potential of SHP in Iceland. There is also a 
long history of such plants being used by frames all over the country. However, currently 
there is no historical database available that describes the costs of building a SHP in Iceland.  

Collection of data to be used for the EF-Project needs to start as soon as possible.  Two 
approaches are possible in respect to collecting data, first only new project that are developed 
in connection to the EF-Project will be collected and compiled in a database. The other 
possibility adds previous (old) project to the database as well.  

Such data would give indication to how best to formulate the formulas, and regression and 
scatter chart analysis would further draw forth the appropriate cost drivers. 

7.3. Cost Estimation Class and Accuracy 

The accuracy of the model is unclear since no historical data is available. The accuracy of 
any model is based on the amount of historical data available. However, it can be concluded 
that a model of this type will only serve as an estimate of feasibility, therefore the cost 
estimates will be in the range (L: -15% to -30% and H: +20% to +50%).  

If the estimated cost from a model was within acceptable limits to the owner, and the decision 
is taken to continue with the project. Then the next step is to start creating a more specific 
design suitable for the location in question, that is to say the owner would have to make the 
decision to move the project into ‘Preliminary Design’. At that time design data would start 
to formulate that should make a parametric or modular estimate unnecessary. The logical step 
is to input quantity data into an Engineer Build-up estimate. The Engineer Built-up estimate 
could also be based on the cost data obtained from the same historical data as the modular 
estimate. Based on the findings of this research, it is concluded that that three estimates need 
to be performed. The first one is the one which is described in this chapter; a feasibility 
estimate based on the Modular method. Second is the preliminary design estimate that is 
undertaken after the owner has accepted the results of the feasibility estimate and decided to 
continue. Finally if the owner still decides to continue the design is finalized and the third and 
final estimate is performed which is the contracting estimate (see Table 9 for details of 
estimates).  
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8. Discussion 

8.1. Relevance of Research 

8.1.1. Landsvirkjun Research 

The main focus of this this study is on the Landsvirkjun cost estimation methodology. A 
research like this has not been performed before therefore the documentation of how 
Landsvirkjun performs its cost estimates is interesting. Also, this research made it possible to 
compile a best practice comparison that can be used to benchmark current practice at 
Landsvirkjun.  

Researches of similar nature (i.e. document current practice) to this one are fitting for the 
atmosphere that exists in Iceland today. This is due to the fact that much of what was 
considered to be examples of state-of-the-art practice in Iceland before the financial crash 
have turned out to be not so good. Landsvirkjun is a company owned by the government, it 
has been able to conduct its business without much outside influence. Other Icelandic 
agencies, like the Road Administration, have not been allowed to freely mature and have 
been limited by the political environment. In light of this difference a study of how project 
management has evolved at Landsvirkjun is an interesting area. Benchmarking of 
Landsvirkjun’s practice and success compared to governmental agencies can reveal 
weaknesses and strength, which is beneficial for the state. 

8.1.2. Small Hydropower Research 

Small hydro has, in all likelihood, the most potential for growth in Iceland. Lobbying and the 
political environment, seems to be aimed at bring the development of large hydropower 
projects to a standstill.  

This has invoked much interest in small hydro and as a result the EF-project was born. 
However the biggest question regarding small hydro is its feasibility and that brings us to the 
topic of cost. Simple cost estimating tools need to be developed to filter out the projects that 
are economically viable. For such tools to be developed, definitions of what is meant by and 
what is a part of SHP must be clarified.  

As a result of shortage of local projects engineering firms have been force to increasingly 
marketing them self abroad. SHP is popular all over the world, and if Icelandic engineering 
firms want to get into that market they need to adapt. Therefore a comparison of what is 
considered to be a SHP in Iceland compared to other countries needs to be addressed.   
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8.2. Project Management at Landsvirkjun 

Estimation of cost is part of Project Management. This study was not focused on how 
projects were managed in general by the company, only how it managed the estimation of 
cost. Nonetheless insight into the management of projects was gained thorough this research. 
And as a result a noticeable void in guidance regarding how projects should be prepared was 
noticed (i.e. what documents Landsvirkjun requires its partners to produce).  

The main focus of the cost estimates at Landsvirkjun is on the performance of calculations, 
and all cost estimates are to be performed through Kolla 5.0a. The processes for creating 
inputs for Kolla 5.0a are not standardized and guidance on the subject is limited. Based on the 
information available it seems that Landsvirkjun needs to clarify its guidance regarding cost 
estimation, especially regarding estimation of quantities. Having three engineering firms all 
using their own approach for estimating of quantities makes it difficult to compare their 
work. As a result opportunities for improvements are lost and the danger of over and under 
estimation quantities persists. It can be concluded that synchronization of practices between 
engineering firms will improve the compatibility of cost estimates as it well as provides a 
basis for improving quantity estimates. 

It seems that many aspects regarding cost estimation at the company are based on 
undocumented traditions and trades that project managers at Landsvirkjun enforce. Not 
clearly defining what is required to be performed and delivered affects the repeatability of 
project delivery. Lessons learned are missed and the same mistakes are likely to happen 
again. It is crucial to clearly define the management of a project from start to finish. 
Improvements can then be identified and implemented and best practice captured. 

8.3. Reconcile empirical findings with theory 

8.3.1. Landsvirkjun Research 

All the literature assumes that there is a clearly defined project management framework in 
place. This framework secures that all necessary documents are created, updated and made 
available to all the project stakeholders. Regarding the estimation of cost for Landsvirkjun’s 
projects it is not clear what inputs are required to be available to the cost estimators and how 
estimates are compatible since they themselves are not classified specially.  Theory review 
illustrated that a classification of estimates as well as document requirements should be 
clearly stated. 

The methodology used for estimating cost by Kolla 5.0a is compatible to best practice. On 
the other hand the quantity estimation part of Kolla 5.0a should be clarified and practices 
made compatible between estimators. Everything should be aimed at clarifying 
documentation, so that benchmarking of information can be performed and excellence can be 
achieved. As the literature reviewed shows that it is all about the quality of historical data. 
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8.3.2. Small Hydropower Research 

Though this topic was not a formal part of the main research topic and therefore the ‘State of 
the Art Review’, a study of literature was performed in Chapter 6. The definition of SHP, 
proposed by literature varied depending on sources, still it was concluded that for Europe a 
trend was being created and perhaps a standardized definition will be put forth for EU-
counties in the near future.  

Differences in definitions of head and capacity (discussed in Chapters 6.1.1 and 6.1.2) 
between Iceland and other counties literature was significant. The reasons to why these 
differences exist are in some part contributed to market size in regards as to capacity, and 
local norms in respects to head. Due to these factors, Iceland has set itself apart from other 
countries. Clearly the Icelandic definition of SHP does not coincide with what is generally 
considered to be SHP in other counties. Based on the literature reviewed in connection to 
SHP, it was possible to describe differences between definitions and put forth a classification 
system for the EF-project. 

8.4. Research Related Difficulties 

8.4.1. Landsvirkjun Research 

This research is based on an analysis of data made available from Landsvirkjun, in the form 
of a report. The main problem that was encountered regarding the research was the lack of 
documentation available for study. This was not realized until late in the study when it 
became apparent that the data that had been received was too focused on describing CERs 
used by Kolla 5.0a. This posed a significant problem, as the process under investigation is not 
transparent. It was therefore difficult to perform an exhaustive research on the Landsvirkjun. 
The author believes that a sufficient amount of data was not obtained for this research so that 
a full view of the methodology applied at Landsvirkjun for managing projects and there cost 
could be identified. 

It is clear that much in-house data exists at Landsvirkjun; the problem is that this data is not 
freely available, and much of it is regarded as confidential. It is the author’s opinion that 
research into the methods used for managing project need to be conducted at Landsvirkjun or 
at least in circumstances where all existing data can be quickly obtained. 

Finally, the issues regarding “distance” from supervisor and Landsvirkjun’s, had noticeable 
disadvantage as the availability of these resources could not be used to their best abilities. For 
a research of this nature, close proximity to resources is essential.  

8.4.2. Small Hydropower Research 

Having a secondary topic proved to be difficult. Much work was put into preparing for the 
Landsvirkjun Case study and when it came to reviewing literature regarding small 
hydropower it came evident that the topic was not as straight forward as had been assumed. 
In hindsight it is the researcher’s conclusion that it was mistake to include this topic in the 
research as it took focus and time away from the Landsvirkjun research. However, 
documentation on this subject was freely available and with the time left it was possible to 
clarify many of the basic issues that must be well-defined for any future work. 
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8.4.3. General Issues 

Issues regarding language must also be mentioned. It should be clear to the reader at this 
stage that much of the information used in this research is in a language other than English. 
This required the author to translate some information; this can influence the final result as 
the authors’ views and understanding of text can influence the translation. This is something 
that the author is aware of and consciously attempted to minimize.  

8.5. Conclusions 

Cost estimates are based on assumptions, it is unlikely that an estimate will ever be 100% 
correct, errors are always made.  The quality of this work is mostly based on the details of 
information available at the time the estimate is made. This information can be both 
qualitative and quantitative; therefore it is not simply the task of computing based on 
formulas that have been derived from historical data. The insight of the estimator is in many 
cases the deciding factor. His assumptions cannot be described by formulas, that is why it is 
imperative they the also be documented. When dealing purely with quantitative data it is 
more appropriate to use statistical analysis than Expert Judgment. The key is to make sure 
that those who use the estimate understand how it came about and what assumptions lie 
behind its conclusion. 
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9. Conclusions 

9.1. Final Conclusions 

9.1.1. Summary of Research 

Landsvirkjun 

The research set out to study how cost estimation was approached by Landsvirkjun. To begin 
with the documents available from Landsvirkjun were analyzed and the methodology applied 
extracted. It became evident that it would only be possible to describe Landsvirkjun’s general 
approach to cost estimation, based on the available information. Factors such as risk analysis 
and contingency were not described in any detail, and specialist guidance had to be sought to 
describe those subjects. It was concluded that risk and contingency needed to be clarified. 

Landsvirkjun guidance for Kolla 5.0a poorly describes how estimates should be performed.  
A tendency for loosely documenting definitions and stating requirement is believed to be a 
problem regarding management of project. That can be traced back to the company’s long 
tradition of performing cost estimation and therefore certain habits have been established. 
The work of documenting and creating standards based on these traditions has likely not been 
done. 

Most potential for improvement for Landsvirkjun is in connection with how it standardizes it 
project definitions and deliverables. The current WBS used at Landsvirkjun is not compatible 
to best practice, and an outline for a new WBS was introduced. Having a quality WBS 
increases the probability of project success and secures repeatability as well as contributing to 
a better cost and time management. The WBS is a fundamental tool in modern project 
management. 

A classification system for cost estimates at Landsvirkjun was proposed. Implementation of 
such a system is in accordance with what is considered to be best practice. Also it should be 
stated how accurate these estimate are expected to be, and what data is required to have been 
created when they are performed.  

Energy Farmer 

Study of small hydropower plants was performed to support the goal of preparing the ground 
for the creation of a cost model for such projects. A detailed review of reports and papers was 
undertaken for this purpose. It quickly became apparent that this study would need to be more 
basic than was originally anticipated.  The definition of SHP was not as straight forward as 
was assumed. Clarification of the definition of SHP was required, since it is the premise for 
all other work that will be performed later. 

Different definitions of capacity, head and type were examined, and a global value ranges for 
SHP definitions was compiled. Following this the Icelandic informal definition of SHP was 
reviewed. However since the Energy Framer is local project and specific only to Iceland, it 
was concluded that it was favorable to keep to the Icelandic values. Nonetheless it is pointed 
out that this does limit the models application as well as any comparison to other non-local 
models is problematic. Finally the main cost factors were identified and a preliminary CBS 
proposed.  
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9.1.2. Consolidation to Research Objectives  

The first objective of this research was to identify what methodology was applied at 
Landsvirkjun for cost estimation. This was accomplished in the case study of Landsvirkjun 
(Chapter 4). Based on what had been defined in the theory review it was possible to conclude 
that Landsvirkjun used the Parametric, Expert Judgment and Engineer Build-up methods to 
estimate costs. Other factors such as the WBS, risk and contingency were analyzed and 
discussed. The methodology applied by Landsvirkjun is in some respect compatible to best 
practice (i.e. the cost calculator of Kolla 5.0a), but definitions of other aspect of the cost 
estimation process need to be clarified. 

The second objective was to create a best practice comparison by review of theory. This was 
done in the State of the Art Review (Chapter 3). 

The third objective was to recommend an approach to creating a cost model for the EF-
project. This was done, and a general approach based on what has been covered in this 
research was put forth in section 7.4. 

The fourth objective was to establish what the main cost estimation attributes are for Small 
hydropower plants. This was done by reviewing the literature connected to the SHP case 
study. The main cost factors where then illustrated in section 6.2.2.  

Finally the hypothesis (i.e. tools used to estimate costs of Landsvirkjun’s projects are, for all 
practicable purposes, consistent with best practice) was not confirmed as the available 
documentation did not cover all aspects that were outlined in the theory review. Also 
clarifications and definition of those factors that were covered was not adequate. 

9.2. Contribution 

In connection to Landsvirkjun the fundamental methodology applied by the company was 
documented. Insight into how the company uses the cost calculations and quantity estimates 
as two different segments of one model has been covered, giving other researchers a basis to 
work from. It has been indicated that Landvirkjun, as an owner, is not describing the quality 
of performance for the management of projects sufficiently. Points in connection to the WBS, 
Risk Management and Contingency have been raised and improvements suggested.  

The study into the field of small hydropower has made it possible to position the, commonly 
used, definition for SHP in Iceland in comparison to what other countries use. The problems 
connected to the Icelandic SHP definition were raised and it pointed out that in global context 
it is only compatible with a MHP.  

Basis for classifying hydropower projects in Iceland was introduced and the main cost 
factors/classes where identified. Based on this work it should be possible to start compiling a 
database for further analysis. 
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9.3. Further research 

The review of Landsvirkjun’s cost estimation methodology raised many question regarding 
the general management of projects. The most interesting area, in the author’s opinion, for 
further study is the Project Management Framework and if processes used at Landsvirkjun 
are standardized between projects. This is mainly due to the fact that if an up-to-date Project 
Management Framework is in place it secures constant improvement in management of 
projects. In respects to cost estimation, further study is required of existing guidance within 
Landsvirkjun. Performance of risk analysis should be looked at closely as well as what 
traditions exist for applying contingencies to projects. 

The preparation for creating a cost-model for the EF-project needs to be taken to the next 
phase, which is the creation of a projects-databank. Therefore a study of well documented 
SHP-projects is needed. The creation of a databank makes it possible to analysis and create 
CERs by the used of scatter-chats and regression analysis.  
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I. Appendix: Enterprise Environmental Factors 

Governmental or industry standards: These include elements such as; 

 regulatory standards and regulations, 
 quality standards, 
 product standards, 
 and workmanship standards. 

Infrastructure: This refers to the organization’s facilities and capital equipment. 

Human resources: This refers to the existing staff’s skills and knowledge. 

Personnel administration: These are guidelines for hiring and firing, training, and employee 
performance reviews. 

Organization’s work authorization system: This defines how the work of the project is 
authorized. 

Marketplace conditions: Supply-and-demand theory applies here along with economic and 
financial factors. 

Stakeholder risk tolerances: This is the level of risk stakeholders are willing to take on. 

Political climate: This concerns both the internal and external political climate and 
influences on the project or organization. 

Organization’s established communications channels: These are the mechanisms the 
organization uses to communicate both internally and externally Commercial databases these 
refer to industry-specific information, risk databases, and etc. 
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II. Appendix: WBS Quality 

WBS Quality Principle 1 

The first principal is “A quality WBS is a WBS constructed in such a way that it satisfies all 
of the requirements for its use in a project” (PMI 2006). This principal has two sub-principals 
that apply to satisfying requirements for use of a WBS. 

Sub-Principal 1 – Core Characteristics 

The core characteristics make it possible for the WBS to satisfy the needs of every project. It 
is very clear that a WBS either has these core characteristics or not. These characteristics 
represent the minimum set of specific attributes that the WBS must contain (PMI 2006), 
(Norman, Brotherton and Fried 2008). If the WBS is missing any of the core characteristics, 
then it is not a quality WBS. According to PMI (2006) the core quality characteristics that a 
WBS needs to have to full fill the core quality are: 

 Deliverable-oriented grouping of project elements. 
 Defines the scope of the project. 
 Clarifies the work and communicates project scope to all stakeholders. 
 Contains 100% of the work defined by the scope. 
 Captures internal, external, and interim deliverables in terms of work to be completed, 

including project management. 
 Is constructed so that each level of decomposition contains 100% of the work in the 

parent level; This applies at all levels within the hierarchy: the sum of the work at the 
‘‘child’’ level must equal 100% of the work represented by the ‘‘parent’’ and the 
WBS should not include any work outside the actual scope of the project i.e. cannot 
include more than 100% of the work. This also applies at activity level (PMI 2006), 
(Haugan 2002). 

 Contains work packages that clearly support the identification of the tasks that must 
be performed in order to deliver the work package. 

 Provides a graphical, textual, or tabular breakdown of the project scope. 
 Contains elements that are defined using nouns and adjectives—not verbs. 
 Arranges all major and minor deliverables in a hierarchical structure. 
 Employs a coding scheme for each element that clearly identifies its hierarchical 

nature when viewed in any format such as a chart or outline. 
 At least two levels with at least one level of decomposition. 
 Is created by those who will be performing the work. 
 Is constructed with technical input from knowledgeable subject matter experts 

(SMEs) and other project stakeholders, such as financial and business managers. 
 Iteratively evolves along with the progressive elaboration of project scope, up to the 

point the scope has been base-lined. 
 Is updated in accordance with project change control, thereby allowing for continual 

improvement, after the project scope has been base-lined. 

Sub-Principal 2 – User-Related Characteristics 

The user-related characteristics make it possible for the WBS to be used for purposes that are 
special to a specific project, industry, environment, or are applied in a particular way to 
individual project. By using these characteristics it is possible to get a high-quality WBS, 
which can meet all the project needs and requirements (PMI 2006). 

According to PMI (2006) the user-related characteristics include but are not limited to: 
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 Achieves a sufficient level of decomposition. 

 Provides sufficient detail for communicating all work. 

 Is appropriate for tracking, as required by the specific project or organization. 

 Is appropriate for control activities. 

 Can contain specific kinds of WBS elements, as needed for each project. 

 Enables assignment of accountability at the appropriate level. 

 Has a succinct, clear, and logically organized structure to meet project management 
and oversight requirements. 

WBS Quality Principle 2 

The second principal is “WBS quality characteristics apply at all levels of scope definition” 
(PMI 2006). No conceptual difference is between a program, project, or portfolio WBS. It 
does not matter at what level a high-quality WBS is developed, it contains exactly the same 
characteristics and attributes as a high-quality WBS developed at an individual project level 
(PMI 2006). 
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III. Appendix: Approaches to Creating WBS 

Many methods and tools are used in making WBSs, they include but are not limited to (PMI 
2006): 

 Outlines 
 Organisational Charts 
 Brainstorming techniques 
 Fishbone diagrams 
 Top-down and bottom-up development strategies 

It is recommended that such tools are used since they promote consistency and repeatability 
in development of WBS. They can also promote the guidelines, standards, or organizational 
principles, they have been shown to significantly reduce the development effort, simplifying 
of the WBS process, and promotion of reuse of WBS elements (PMI 2006).  In Table 14 
some of the WBS creation methods are shown, including their advantages and challenges. 

Table 14: WBS Creation Methods, based on (PMI 2006). 

 

  

WBS Creation Method Advantages Challenges

Top‐Down ●Structures project conveniently for ●Requires constant a en on that no

status reporting. work packages are overlooked.

●Helps ensure project are logically ●WBS needs to be elaborated to 

structured. sufficient detailed level permit

●Is Valuable when brainstorming/ management oversight and control.

discovering project deliverables.

●Can accommodate addi onal 

deliverables as they are uncovered.

Bottom‐up ●Starts with all deliverables and work ●Iden fying all deliverables before

backwards into a project. producing the WBS.

●Confirms that all work packages are ●Making sure work packages are 

included. logically grouped.

●Can lose focus on big picture.

WBS Standards ●Formats are predefined. ●Making a project fit the standard

●Enhances cross‐project WBS ●Can lead to inclusion of unnecessary

consistency. deliverables or failure to include

project‐specific deliverables.

●Not all projects fit into highly 

structured set of WBS standards.

WBS Templates ●Provides a star ng point for WBS ●Requires a project fit the standard.

creation. ●Can lead to inclusion of unnecessary

●May help determine appropriate level  deliverables or failure to include

of detail required. project‐specific deliverables.

●Enhances cross‐project WBS ●Not all projects fit into highly 

consistency. structured set of WBS standards.
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IV. Appendix: Rates, Factors, and Ratios 

The GAO (2009) defines rates, factors, and ratios as: 

 A rate uses a parameter to predict cost, using a multiplicative relationship. Since rate 
is defined to be cost as a function of a parameter, the units for rate are always dollars 
per something. The rate most commonly used in cost estimating is the labor rate, 
expressed in dollars per hour. 

 A factor uses the cost of another element to estimate a new cost using a multiplier. 
Since a factor is defined to be cost as a function of another cost, it is often expressed 
as a percentage. For example, travel costs may be estimated as 5 percent of program 
management costs. 

 A ratio is a function of another parameter and is often used to estimate effort. For 
example, the cost to build a component could be based on the industry standard of 20 
hours per subcomponent. 
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VI. Small Hydropower Plants Definitions 

Country Power (MW) 

Sweden < 1.5 

Italy < 3 

UK(NFFO17) < 5 

UNIDO18 < 10 

UNIPEDE19 < 10 

ESHA20 < 10 

Portugal < 10 

Ireland < 10 

Spain < 10 

AGMHP21 < 10 

Belgium < 10 

Greece < 10 

Iran < 10 

France < 12 

Australia < 20 

Colombia < 20 

India < 25 

China < 25 

USA < 30 

Brazil < 30 

Philippines < 50 

New Zealand < 50 

(Varun 2008, Kumar 2008, AGMHP2008, ESHA 2004) 

                                                 
17 The Non‐Fossil Fuel Obligation 
18 United Nations Industrial Development Organization 
19 International Union of Producers and Distributors of Electricity 
20 European Small Hydro Association 
21 ASEAN‐German Mini Hydro Project 


