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The proposition of this dissertation is that superior capital budgeting solutions can be 

attained by not only analyzing projects individually but rather as part of a portfolio of 

projects that has the objective of maximizing the company's range of multiple objectives, 

not only the economic benefit. 

 

The dissertation starts with a detailed study of current techniques and an assessment of 

flaws and shortcomings. This study concludes with the requirements that any new 

approach or model must address in order to improve on the current practices. Based on 

these requirements, a new model is developed based on the portfolio approach that 

integrates all the assumptions, constraints, project and variable interrelationships. An 

important feature of the model is that it selects its portfolio of capital projects in such a 

way that it optimizes support for the company's multiple objectives, not only the 

economic objective. The dissertation concludes with the application of this model to a 

hypothetical case. 

 

It is concluded that, by developing and using this model, a company can improve the 

analysis required before capital budgets are finalized.  
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C H A P T E R   1 

 

PROBLEM STATEMENT AND OBJECTIVE 

 

"The engineer's primary tasks include planning for the acquisition of equipment, 
designing, and producing products economically. The process of determining exactly 
which assets to invest in and how much to invest have a great deal of impact on the 

organization's 'bottom line' - the profitability. Sound engineering economic decisions, 
considering both time and risk, are key to the success of any organization." 

- Chan S Park 

 

1.1 Problem statement 

 

Companies establish their infrastructure, plant, equipment and property through 

the capital projects that they select to implement. It is through the process of 

capital budgeting that companies select the specific projects. It is during this 

process where the important and far-reaching decisions are made regarding the 

commencement, postponement, downscaling, upsizing or even termination of 

capital projects. Whereas there are often many opportunities available, the 

company's own capabilities and capacities, be it physical, financial or 

technological are usually limited and it is therefore not possible to undertake all of 

the viable projects.  

 

Capital projects require huge amounts of capital that is usually tied up for years. 

In order to take the best possible decisions, decision-makers usually perform 

detailed investigations and analyses regarding all the choices that are available to 

them. There are numerous techniques and tools available that the decision-maker 

can use to analyze various aspects of capital projects. Such investigations and 

analyses usually include the following aspects: 

• It is important to decide on the decision criterion to be used in the comparison 

of the different projects. The decision criterion is calculated for each of the 
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projects and is then used in the project comparisons of the decision-making 

process.  

• The next important aspect is the choice of a risk analysis technique. In 

practice most companies simply base their decisions on the decision criteria, 

which are normally based on a best-estimate or expected value approach. For 

many decision situations such an approach will suffice, but it often happens 

that the projects are of such significance and impact, that a further level of 

investigation is justifiable in order to identify the effect of the inherent risks 

and uncertainties for the different projects. It is for this purpose that a risk 

analysis technique is applied. 

• Once all the investigation work has been completed on the different projects, 

including the existing projects, and one has identified all the viable projects, it 

is still necessary to make the selection of the best possible combination of 

projects given the limitations on the company's resources and capabilities. It is 

therefore necessary to decide on which is the most appropriate selection 

technique.  

 

When considering these different aspects of the problem, one can logically 

categorize the current techniques under the three headings as shown in Table 1. 

 

Decision criteria Risk analysis Selection techniques 
• Payback Period 
• Discounted Payback 

Period 
• Accounting rate of 

return 
• Internal rate of return 
• Net Present Value 

• Risk-adjusted 
discount rate 

• Certainty equivalent 
method 

• Sensitivity analysis 
• Break-even analysis 
• Monte Carlo 

simulation 

• Ranking 
• Linear programming 
• Integer programming 
• Mixed programming tools 
• Analytical hierarchy 

process 

   
Table 1: Current capital project techniques 

 

It is the author's opinion that the following problem areas with the way in which 

the capital budgeting process is applied, can lead to poor decisions: 
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• The capital budgeting process is often based on only one or two of the 

techniques in Table 1. Risk analysis is frequently left out because of the 

additional effort and the view that the level of the uncertainties will lead to 

spurious and inconclusive results. 

• The aspects and the techniques described above are frequently addressed in 

isolation of each other. In other words, the above three aspects are often seen 

as three separate exercises.  

• Companies still use techniques that have serious flaws and shortcomings. 

• When working through the capital budgeting process, companies often 

examine only the new projects that are under consideration without re-

assessing the viability of existing projects. This could be because of various 

reasons such as the difficulty of tracking the actual progress of a project, the 

general perception that capital projects are irreversible, company politics, 

personal egos that can be involved or the fact that the environment is changing 

so quickly. 

 

It must be recognized that the final decisions in capital budgeting do not solely 

rely on the results of the various techniques. Management's experience and 

subjective 'gut-feel' certainly plays a very important role. However, the whole 

process will be much more efficient if the quality and reliability of the findings of 

the investigations and analyses can be improved. 
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1.2 Objective of the dissertation 

 

The objective of this dissertation is to develop a model that will address the 

current problems with the capital budgeting process through an approach that 

integrates and optimizes the analysis, selection and the continued management of 

a company's existing and new capital projects. 

 

In order to achieve this objective in this dissertation, the following approach was 

followed: 

 

Definition and research 

The first step in the approach is to define and to study the nature of capital 

projects. It is imperative that there is a clear understanding of what capital 

projects are, what factors must be considered and what processes are followed in 

capital budgeting. 

 

Capital budgeting techniques 

The second step in the approach is to identify and to study the various techniques 

that are used in the assessment of capital projects. The objective is to create a 

clear understanding of the methods, the underlying assumptions, the use, the 

advantages and the disadvantages of each technique. 

 

Figure 1: Approach followed for the dissertation.

Definition and
research

Conclusions Application of
model

Research and
development

Criteria for a
new approach

Capital budgeting
techniques
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Criteria for a new approach 

Given the thorough understanding obtained regarding the merits of the current 

techniques, the objective of this step is to formulate the requirements for an 

alternative approach. These requirements will form the yardstick against which 

the proposed model can be judged. 

 

Research and development 

The purpose of this step is to firstly identify and study all the detailed aspects 

involved in the process and also to gain a good understanding of any new 

concepts that could be applied in the new proposed model. The second objective 

is to apply this knowledge in the development of the new proposed model.  

 

Application of model  

Having developed the model in the previous step, the objective with this step will 

be to illustrate the use of the model with an application to a hypothetical case. 

Specific emphasis will be placed on showing how this model addresses the 

shortcomings of the current processes and techniques. 

 

Conclusions  

The objectives will be to summarize the main findings regarding the application 

of the model, to assess its merits, to indicate any shortcomings that still exist and 

to indicate areas requiring further investigation and development. 
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C H A P T E R   2 
 

CAPITAL BUDGETING TECHNIQUES 

 
 

The objective of this chapter is firstly to define and describe capital projects and the 

capital budgeting process, secondly to describe and to consider the merits of the main 

capital project budgeting techniques and lastly to conclude by formulating the 

requirements for an integrated approach to capital budgeting that will achieve and 

maintain the optimal selection of capital projects while also addressing the shortcomings 

of the current techniques and practices. Figure 2 illustrates the sections of the overall 

approach to the dissertation that are included in this chapter.  

 

 

 

 

Definition and
research

Conclusions Application of
model

Research and
development

Criteria for a
new approach

Capital budgeting
techniques

Figure 2: Chapter 2 objectives indicated by the shaded shapes.
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2.1 Capital projects defined 

 

2.1 Capital projects defined 

2.2 The capital budgeting process 

2.3 Decision criteria 

2.3 Risk analysis 

2.4 Selection techniques 

2.5 Conclusion 

 
Capital projects defined 

 
The objectives of this section are: 
• To define capital projects. 
• To describe the importance of capital 

projects. 
 
 

 

A Capital Project can be defined as "� any scheme which involves the investment 

of resources at the outset, in return for the expectation of a net benefit at a later 

stage �" [Levin et al, 1995]. It is through capital projects that companies 

establish their infrastructure, plant, equipment and property. The following 

examples illustrate the scope and magnitude of capital projects: 

 

• The 2003 annual report of Sasol, the largest South African petrochemical 

company, states that the company has about 150 capital projects with a total 

value of about R60 billion in various stages of execution. 

• In 1998 Vodacom, a South African mobile telephone company, entered into a 

contract to purchase $75 million of base-station equipment as part of a $489 

million capital expenditure program in order to increase capacity and to 

remain competitive with its main rival, Mobile Telephone Networks. [Johnson 

H, 1999]. 

• Kumba Resources in South Africa is currently investigating the feasibility of 

the Faleme iron ore project in Senegal, where the total capital cost is currently 

estimated at $950m, which includes the capital for a mine and port handling 

facilities, a railway line and rolling stock and a new deepwater port. [Financial 

Mail, July 18 2004]. 

• UK-listed Kenmare Resources is currently busy finalizing the financing 

arrangements for the Moma Titanium Minerals Project in Mozambique. The 
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capital required for the mine is estimated at $220m. The mine plan was done 

for 20 years, even though the resource life greatly exceeds this. [Financial 

Mail, July 18 2004; www.kenmareresources.com/projects] 

 

Generally capital projects share the following characteristics: 

i) Huge sums of capital are involved. 

ii) The decisions about capital projects form an integral part of a company's 

strategic management. 

iii) Capital Projects require a long-term commitment of capital. 

iv) Due to the scope and size, such projects are often irreversible. 

v) The projects are long-term in nature, as returns normally realize over a 

number of years in the future. 

vi) There is always a significant level of risk and uncertainty involved in 

predicting the future returns. 

 

Capital projects can be categorized as in Table 2. [Brealy et al, 1996]: 

 
CATEGORY DESCRIPTION 

Compulsory 
Outlays 

• Adherence to Safety Regulations 
• Environmental Controls (e.g. pollution control 

equipment) 
• Compliance to new legal requirements 
• Social Responsibility Outlays 

Maintenance or 
Cost Reduction 

• Machine replacement 
• Process improvements 
• New Technology 

Capacity 
Expansion in 

Existing Business 

• Upgrading of existing assets 
• Creating additional capacity 
• Take-overs 

New Products or 
Ventures 

• Research and Development 
• New business ventures 
• New Product Development 

 
Table 2: Typical capital project categories 
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The importance of capital projects is clear, given their nature and the following 

considerations [Du Toit et al, 1997]: 

 

i) Given the large amounts of funding required, poor decisions could result 

in large unexpected losses. 

ii) Capital Projects require a long-term commitment of capital and since such 

projects are to a large extent irreversible, poor decisions can lead to 

substantial losses but will also prevent a company from pursuing other 

more attractive opportunities, thereby threatening the company's future. 

iii) As such projects influence its long-term viability, the company's market 

value is very sensitive to the Capital Project decisions taken by the 

company. 

On a higher level, one can certainly say that the strength of a nation's economy 

depends to a large extent on the collective outcomes of all the capital projects 

undertaken by the various companies and by its government departments. 
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2.2 The capital budgeting process 

 

2.1 Capital projects defined 

2.2 The capital budgeting process 

2.3 Decision criteria 

2.4 Risk analysis 

2.5 Selection techniques 

2.6 Conclusion 

 
The capital budgeting 

process 
 

The objectives of this section are: 
• To describe the typical capital 

budgeting process. 
• To indicate where the capital 

budgeting techniques are applied and 
where difficulties arise. 

 
 

 

Figure 3 shows the general process that most companies follow when drawing up 

their capital budgets. Each step in the process is then described in more detail. 

 

 

Figure 3: The Capital Budgeting Process 

I
Identification of
potential capital

projects

VI
Project

Monitoring

V
Project

Implementation

III
Project

Evaluation

IV
Project

Selection

II

Project
financing
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Identification of potential Capital Projects 

New capital projects can be seen as the fuel that a company needs to grow and to 

increase the value to its shareholders. Companies therefore spend a great deal of 

time and effort to identify and to develop those opportunities that will contribute 

most to the attainment of its long-term strategic goals and plans. Such ideas 

originate both from within and from outside and companies have various 

incentive schemes in place to encourage its own staff to submit new and 

innovative proposals. In many companies this identification process is 

documented in detailed procedure manuals. This process often involves the 

identification and comparison of alternatives that will solve a specific problem or 

that will achieve a certain objective.  

 

Project Financing 
 

The company needs to decide on the sources of finance for its capital projects and 

how much to obtain from each source. This is necessary in order to know what the 

cost of the financing is. It is important to make a clear distinction between the 

following two basic questions [Brealy, et al (1996)]: 

• What real assets should the company invest in? 

• How should the cash for the investment be raised? 

The answer to the first question is the company's capital budgeting decision and 

the answer to the second question is the financing decision. 

 

Project Evaluation 

A project is evaluated in terms of the following criteria: 

i) The extent to which the project supports and is aligned with the company's 

strategy. 

ii) Can the company cater for and handle the technical requirements of the 

project? 

iii) The timing of the project should be in line with the company's long-range 

plans. If not, the project should be kept for later consideration, when 

circumstances are different and when the timing may be right. 
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iv) The project must exceed the company's minimum acceptable financial 

standards. Most of the techniques used in determining the financial merit 

of a project are presented later in this chapter under paragraphs 2.2 and 

2.3. Note that "financial standards" can reflect both financial returns and 

the risk inherent in the project.  

 

Project Selection 

Due to constraints such as limited capital availability and other physical capacities 

of plant, equipment and staff, it is not always possible to continue with all the 

projects that might have passed the evaluation phase. It is during this phase that it 

is necessary to select that combination of projects that best suits the company's 

strategy and long-range plans and that the company is able to implement and 

manage given all the relevant constraints and the company's capabilities. The 

techniques that can be used in this selection process are presented later in this 

chapter under paragraph 2.4.  

 

Project Implementation 

The approval of the capital budget for a project often does not mean that the go-

ahead has been given. Many companies require a formal appropriation request 

accompanied by more backup information, before the authorization for a project 

is given. Once the project commences, it is critical that all activities are properly 

integrated and managed so that the project deliverables adhere to the required 

quality standards and so that the expenditure can be kept within the budget. 

 

Project Monitoring 

Once a project has started, an on-going monitoring process must also commence 

so that the actual and planned results can be compared. Such monitoring through 

techniques such as project management, continues throughout the project's entire 

life. Future decisions about the project depend on the information gathered during 

this monitoring process. 
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2.3 Decision Criteria 

 

2.1 Capital projects defined 

2.2 The capital budgeting process 

2.3 Decision criteria 

2.4 Risk analysis 

2.5 Selection techniques 

2.6 Conclusion 

 
Decision Criteria 

 
The objectives of this section are: 
• To present the decision criteria that 

companies use to make investment 
decisions. 

• To discuss the usage of the criteria. 
• To identify the advantages and the 

disadvantages of the decision criteria. 
 

 

The decision criteria in capital budgeting are calculated measures that one can use 

to compare the cash flows of different projects or alternatives. An important 

component of the model developed in this dissertation is the decision criterion. 

Before one is selected it is important to have a clear understanding of the decision 

criteria currently available. The following decision criteria are examined in this 

section: 

• Payback period. 

• Discounted payback period. 

• Accounting rate of return. 

• Internal rate of return. 

• Net present value. 
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In order to illustrate the application of these techniques, the Electric Scooter 

Project (from [Brealy et al (1996)]) will be used as an example. Table 3 presents 

the assumptions and projected cash flows of the project. 

 

Table 3: The assumptions and the projected cash flows 
for the Electric Scooter Project. 

 

The Electric Scooter project's cash flows consist of the following components: 

• A 10 year projection period. 

• An initial investment amount of R150m. 

• Straight-line depreciation of the initial investment over the 10 years with no 

salvage value. 

• Annual fixed costs of R30m. 

• Variable manufacturing cost of R3,000 per unit. 

• Annual sales forecast of 100,000 units. 

• Price of R3,750 per unit. 

• Effective tax rate of 50%. 

 

 

 

 

Investment = 150,000,000  
Fixed costs = 30,000,000    

Variable costs per unit = 3,000           
Annual Sales = 100,000         

Price = 3,750            
Tax rate = 50%

Discount rate = 10%

0 1 2 3 4 5 6 7 8 9 10
1.  Sales Volume (000's) 100  100 100  100 100 100 100    100   100 100 
2.  Revenue (Rm) 375  375 375  375 375 375 375    375   375 375 
3.  Investment (Rm) -150              
4.  Fixed Costs (Rm) -30     -30    -30     -30    -30    -30    -30     -30   -30   -30   
5.  Variable Costs (Rm) -300 -300 -300 -300 -300 -300 -300   -300 -300 -300
6.  Depreciation (Rm) -15   -15  -15   -15  -15  -15  -15     -15   -15 -15 
7.  Pre-tax profit (Rm) 30      30     30      30     30     30     30      30     30     30     
8.  Tax (Rm) -15     -15    -15     -15    -15    -15    -15     -15   -15   -15   
9.  Net Cash Flow (Rm) -150              30      30     30      30     30     30     30      30     30     30     
      [2-4-5-8]

Year

Assumptions
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2.3.1 Payback Period 

 

[Johnson H (1999)] defines the payback period as the expected length of 

time for aggregate positive cash flows to equal the initial cost, or the time 

it is expected to take to recover the initial investment. In order to use the 

technique as a criterion, a cutoff period is specified and all those projects 

with payback periods shorter than the cutoff period are then acceptable 

whereas all those with payback periods longer than the cutoff period are 

not acceptable. 

 

Table 4 illustrates the calculation of the payback period for the Electric 

Scooter Project.  

 

Table 4: Determination of payback period for the  
Electric Scooter project. 

 

In this project it takes 5 years for the positive cash flows to equal the 

initial cost, hence the payback period of 5 years. If the company's cutoff 

period is shorter than 5 years, then this project will be rejected and vice 

versa. 

 

[Yee-Ching (2004)] found that over half of the Canadian Municipal 

Governments that use capital budgeting techniques use the payback period 

Year
Net Cash 

Flow (Rm)
Aggregate 

Cash Flows
0 -150 -150
1 30 -120
2 30 -90
3 30 -60
4 30 -30
5 30 0 �.. Payback Period = 5 years
6 30 30
7 30 60
8 30 90
9 30 120

10 30 150
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as the primary criterion. In a survey amongst smaller companies [Block 

(1999)] found that the payback period was preferred by nearly 43% of the 

companies. A survey amongst the Fortune 500 companies [Burns R.M. et 

al (1987)] showed that payback period was not the preferred technique. 

 

Advantages of Payback Period 

i) Its simplicity is an advantage, as it is easy to understand and to 

explain. 

ii) It gives an indication of how long the initial investment will be "at 

risk" and is therefore an indication of the risk involved in the 

projects. 

 

Shortcomings of the Payback Period 

i) The technique does not take all the cash flows into account, as it 

ignores those projected cash flows after the payback period. 

ii) The technique ignores the time value of money in that cash flows 

that occur at different points in time are simply added and compared 

with the initial capital amount. 

iii) Payback period does not give any indication of the contribution that 

a project will make to the value of the company.  

iv) It is tricky to decide on an appropriate cutoff period. If the cutoff 

period is too long, it is possible to accept projects that will not be 

acceptable on a discounted cash flow basis. On the other hand, if the 

cutoff period is too short, one might reject projects that will however 

be acceptable on a discounted cash flow basis. 

v) The payback period does not have the additivity property of some 

other techniques. In other words, the sum of the respective payback 

periods of different projects is not really useful. It is also not useful 

to calculate an average payback period, as it will attach equal 

importance to all the projects involved. 
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2.3.2 Discounted Payback Period 

 

The discounted payback period is the expected length of time for 

aggregate positive discounted cash flows to equal the initial cost, or the 

time it is expected to take to recover the initial investment with the 

discounted values of the future cash flows. The calculation of the 

discounted payback period is similar to the calculation of the payback 

period, except that the cash flows are discounted before the payback 

period is calculated. Table 5 shows the calculation of the discounted 

payback period for the Electric Scooter Project. 

 

Table 5: Determination of the discounted payback period for the  
Electric Scooter Project. 

 

Table 5 shows that the discounted payback period should be between 7 

and 8 years. The answer of 7.28 years is found through linear interpolation 

with the aggregate discounted cash flow amounts. As with the payback 

period, the decision will depend on the company's cutoff period for the 

discounted payback period. 

 

The discounted payback method certainly addresses the important 

shortcoming of the normal payback period of not taking the time value of 

Discount rate = 10%

Year
Net Cash 

Flow (Rm)
Discounted 
cash flow

Aggregate 
discounted 
cash flows

0 -150 -150.00         -150.00         
1 30 27.27            -122.73         
2 30 24.79            -97.93           
3 30 22.54            -75.39           
4 30 20.49            -54.90           
5 30 18.63            -36.28           
6 30 16.93            -19.34           
7 30 15.39            -3.95             
8 30 14.00            10.05            
9 30 12.72            22.77            

10 30 11.57            34.34            

7.28 years
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money into account. However it still focuses only on the recovery of the 

initial cost and still ignores all the cash flows after the discounted payback 

period. 

 

2.3.3 Accounting rate of return (ARR) 

 

The Accounting rate of return (sometimes called the "book rate of the 

return") is based on the incremental effects of the project on the company's 

balance sheet. It is determined by dividing the average projected profits 

(after depreciation and taxes) over the life of the project by the average 

book value of the investment in the project. [Johnson H (1999)] provides 

the following formula for the Accounting rate of return: 

( )

ABV

n

DepCF

ARR

n

t
tt

















 −

=

∑
=1

 

where: 

ARR = Accounting rate of return. 
CFt = Net cash flow in year t. 

Dept = Depreciation expense in year t. 
n = Expected number of years of project life. 

ABV = Average book value of the project. 
 

Table 6 shows how the ARR is determined for the Electric Scooter 

Project. The first step is to determine the income by deducting the 

depreciation charge from the net after-tax cash flow. Next, one has to 

determine the book value for every year by deducting the accumulated 

depreciation from the initial investment amount. The ARR is calculated by 

dividing the average income by the average book value. 
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Table 6: Determination of the accounting rate of return for the  

Electric Scooter Project. 

 

This decision criterion is then measured against the company's own book 

rate of return or against an external yardstick such as the average book rate 

of return for the industry that the company operates in. In the above 

example, the project will be rejected if this yardstick is higher than the 

project's 18.2%. 

 

This criterion is not reliable as it ignores the timing of the cash flows and 

since it is based on accounting income and not on the project cash flows. 

Another problem lies in the way in which the criterion is used to make 

decisions, namely by comparing the measure to a yardstick that is based 

on the company�s current profitability on its existing business.  

 

0 1 2 3 4 5 6 7 8 9 10
Net Cash Flow (Rm) -150   30      30     30   30   30   30   30   30   30   30   

Depreciation (Rm) -15     -15    -15  -15 -15 -15 -15 -15 -15 -15 
Income (Rm) 15      15     15   15   15   15   15   15   15   15   

Book Value (Rm) 150     135    120   105  90   75   60   45   30   15   - 

Averages
Income 15.00  

Book Value 82.50  

Accounting Rate of Return = 18.2%

Year
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2.3.4 Internal rate of return (IRR) 

 

The internal rate of return (IRR) is a measure of the return generated by a 

project. The internal rate of return (IRR) is defined as that rate of discount 

that causes the present value of the projected future project cash flows to 

be exactly equal to the initial cost of the project.  

 

The IRR is therefore the rate that will satisfy the following equation 

[Johnson H (1999)]: 

( )∑
= +

=
n

t
t

t

IRR
CF

I
1

0 1
 

where: 

I0 = Initial project cost. 
CFt = Net cash flow in year t. 
IRR = Internal rate of return. 

n = Expected number of years of project life. 
 

Table 7 shows the result of applying the above formula to the net cash 

flows of the Electric Scooter Project. 

 

 

Table 7: Determination of the internal rate of return (IRR) for the  
Electric Scooter Project. 

 

To use the IRR as a decision criterion, one has to compare the IRR to the 

company's minimum attractive rate of return (MARR). The IRR rule 

states that the company must not accept a project if its IRR is less than the 

company's MARR.  

 

0 1 2 3 4 5 6 7 8 9 10
Net Cash Flow (Rm) -150      30 30 30 30 30 30 30 30   30   30 

Internal rate of return = 15.10%

Year
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The MARR is often set equal to the opportunity cost of capital, which is 

defined as the rate of return offered by the other alternative comparative 

investments. Another approach is to set the MARR equal to the company's 

cost of capital plus a margin to allow for the specific risks inherent in the 

project. Since the risks differ from project to project, the risk margins and 

therefore the MARR's should also differ from project to project. In some 

cases companies also add a profit margin into the MARR in order to 

ensure that a minimum level of profit is at least generated by the projects. 

Once determined, the MARR becomes an important criterion or yardstick 

in the company's economy studies. 

 

IRR is a very popular decision criterion. A survey amongst the Fortune 

500 companies [Burns R.M. et al (1987)] showed that 84% of the 

companies use IRR as a decision criterion in capital budgeting. 

 

Advantages of Internal Rate of Return 

i) The IRR takes all the project cash flows into account. It therefore 

addresses the shortcoming of the payback methods where the 

projected cash flows after the payback period are ignored. 

ii) The IRR takes the timing of the cash flows and therefore the time 

value of money into account. 

 

Shortcomings of Internal Rate of Return 

i) The IRR does not give an indication of when the initial investment 

has been recovered. 

ii) The IRR does not give an indication of the actual value that a project 

can add to the company. 

iii) It is often difficult for companies to decide on an appropriate 

MARR. One reason for this is that it might be difficult to find the 

alternative comparative investment whose return can be set as the 

opportunity cost of capital, which is then used as the MARR. 
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iv) Another complexity is that the MARR should theoretically vary from 

project to project in order to reflect the differences in risk (the higher 

the risk, the higher the MARR). 

v) Implicit in the way that the IRR is determined, is the assumption that 

all cash flows are reinvested at a reinvestment rate equal to the IRR. 

When the IRR differs significantly from the company's true 

reinvestment opportunities, the IRR does not accurately reflect the 

true rate of return of the project in question. [Johnson H (1999)] 

shows how one can calculate an implied rate of return in such cases. 

vi) For certain projects, one might find more than one IRR-value that 

will satisfy the equation. This happens when there are more than one 

sign change in the projected cash flows. 

vii) The IRR-rule often lead to wrong decisions when one has to select 

the best combination of projects from several alternatives. [Brealy et 

al (1996)] illustrates this problem with a number of examples and 

concluded that the IRR-rule should not be used to rank projects when 

there is a capital constraint. The main reason for this is that the fact 

that the IRR-formula implies a reinvestment rate equal to the IRR. 

When the IRR is significantly higher that the company's cost of 

capital, reinvestment at that rate is unrealistic and wrong conclusions 

can be made.  

viii) Similar to payback period, the IRR does not have the additivity 

property of summing or averaging the IRR's of a number of projects. 

If it is required to calculate the IRR of a selection of projects, it is 

better to sum the net cash flows of all the projects and to calculate 

the IRR of the aggregate cash flows. 

 

Although IRR has shortcomings that one should be aware of, it is still a 

much better criterion than payback period and, when used properly, it 

gives the same answer as the more accepted Net Present Value criterion, 

which is discussed in the next section. 
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2.3.5 Net present value (NPV) 

 

The net present value (NPV) criterion is widely accepted as the most 

reliable decision criterion to use for capital budgeting. The NPV is defined 

as the present value of all the present and future projected positive and 

negative cash flows, as indicated by the following formula [Johnson H 

(1999)]: 
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where: 

NPV = Net present value 
CFt = Net after-tax cash flow in year t. 

k = Discount rate. 
n = Expected number of years of project life. 
I0 = Initial project cost. 

 

The discount rate, k, should equate the rate of return on the next best 

investment alternative of similar risk, also known as the opportunity cost 

of capital or the minimum attractive rate of return, MARR. Note that since 

the risk levels vary from project to project and since one must allow for 

the risk level in the discount rate, it happens that the discount rates can 

vary from project to project. See paragraph 2.4.1 for a discussion on how 

to adjust the discount rate for risk. 

 

The NPV decision rule is to give further consideration to those projects 

whose NPV's are greater than zero. A positive NPV implies that the 

projected cash flows indicate a return in excess of the discount rate. Any 

project that provides returns in excess of the MARR certainly adds 

additional value to the company, thereby increasing shareholder wealth. 

Using a discount rate of 10%, Table 8 shows the calculation of the net 

present value of the Electric Scooter Project. 
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Table 8: Calculation of the net present value (NPV) of the 
Electric Scooter Project. 

 

With a positive NPV of R31.22m, the project is definitely acceptable 

according to the NPV-rule. 

 

Advantages of Net Present Value (NPV) 

i) The NPV takes into account the timing of all the cash flows. 

ii) The NPV is a measure (in present day terms) of the added value that 

a project is projected to make to the company value. 

iii) One can easily compare the NPV's of different project, irrespective 

of whether the project lives and cash flow patterns are different. 

iv) By adding their NPV's one can determine the added value of a 

selection of projects. 

v) It is easy to determine the impact of a project as the NPV is 

expressed in present day terms. 

 

Investment = 150,000,000  
Fixed costs = 30,000,000    

Variable costs per unit = 3,000           
Annual Sales = 100,000        

Price = 3,750            
Tax rate = 50%

Discount rate = 10%

0 1 2 3 4 5 6 7 8 9 10
1.  Sales Volume (000's) 100    100   100    100   100   100   100    100   100   100   
2.  Revenue (Rm) 375    375   375    375   375   375   375    375   375   375   
3.  Investment (Rm) -150             
4.  Fixed Costs (Rm) -30   -30  -30   -30  -30  -30  -30     -30   -30 -30 
5.  Variable Costs (Rm) -300   -300  -300   -300  -300  -300  -300   -300 -300 -300 
6.  Depreciation (Rm) -15     -15    -15     -15    -15    -15    -15     -15   -15   -15   
7.  Pre-tax profit (Rm) 30    30   30    30   30   30    30      30     30   30   
8.  Tax (Rm) -15   -15  -15   -15  -15  -15  -15     -15   -15 -15 
9.  Net Cash Flow (Rm) -150              30      30     30      30     30     30     30      30     30     30     
      [2-4-5-8]

Net Present Value (Rm) = 31.22           

Year

Assumptions
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Shortcomings of the net present value (NPV) 

i) The implicit assumption in respect of the NPV [Du Toit GS et al 

(1997)] is that all cash flows generated by a project could be 

reinvested at the rate, k for the remainder of the project life. It might 

be that the opportunity cost of capital in the short term differs from 

the cost for longer terms. In such a scenario it is difficult to 

determine one fixed discount rate for the NPV calculation.   

ii) Since the discount rate is equal to the rate of return on the next best 

investment alternative of similar risk, it implies that there is a risk 

margin included in the rate. By using such a discount rate, one 

therefore implies that all the cash flow components carry the same 

risk as reflected by the risk margin in the discount rate. There is 

however components of the cash flows (such as the depreciation tax 

shield, which will be covered in the next chapter) that can be 

considered as safe and that should therefore be discounted at a rate 

that does not include the said risk margin. 
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2.4 Risk analysis 

 

2.1 Capital projects defined 

2.2 The capital budgeting process 

2.3 Decision criteria 

2.4 Risk analysis 

2.5 Selection techniques 

2.6 Conclusion 

Risk analysis 
 

The objectives of this section are: 
• To present the risk analysis 

techniques that companies use in the 
analysis of capital projects. 

• To discuss the usage of the 
techniques. 

• To identify the advantages and the 
disadvantages of the risk analysis 
techniques. 

 

Given the impact of capital projects on a company's long-term viability, it is 

important for companies to understand why projects could fail. The calculation of 

a decision criterion based on best-estimate predicted cash flows is therefore not 

sufficient, as it does not indicate the level and nature of the project risks. Hence 

the need for a better understanding of what can go wrong and what the impact 

would be on the project outcome. A number of risk analysis techniques have been 

developed for this purpose and this section will describe the following techniques:  

• Risk-adjusted discount rate 

• Certainty equivalent method 

• Sensitivity analysis 

• Break-even analysis 

• Monte Carlo simulation 
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2.4.1 Risk-adjusted discount rate 

 

In the explanation of the net present value (NPV) method (see paragraph 

2.3.5) it was stated that the discount rate should equate the rate of return 

on the next best investment alternative of similar risk. The premise of the 

risk-adjusted discount rate is that discount rate should be directly 

proportional to the risk. The discount rate for risky projects must therefore 

be higher than the discount rate for projects with lower risks. 

 

Where the risk of a project is equivalent to the average risk of the 

company, one can use the company's cost of capital as the discount rate in 

the calculation of the project's NPV. However when the project's risk 

differs from the company's risk, further adjustments are required. [Du Toit 

et al (1997)] suggest the following formula for the risk-adjusted discount 

rate: 

auik ++=  

where: 

k = The risk-adjusted discount rate. 
i = The risk-free rate. 

u = An adjustment for the normal risk of the company. 
a =  An adjustment for the risk associated with the specific project. If 

the project has more risk that the company, a will be positive and 
vice versa. 

 

Although many companies select and use some individual discount rate, 

many apply the above principle by having different discount rates for 

different categories of investment. [Brealy et al (1996)] provides the 

following as an example: 
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Category Discount rate 
Speculative ventures 30% 
New products 20% 
Expansion of existing business 15% (company cost of capital) 
Cost improvement, known technology 10% 

 

Table 9: Examples of risk-adjusted discount rates for different risk-
based project categories. 

 

Once a company has decided on a risk-adjusted discount rate, the NPV for 

the project is calculated using this discount rate. The same NPV decision 

rule applies whereby the company can accept those projects whose NPV's 

are equal to or greater than zero. 

 

Advantages of the risk-adjusted discount rate as a way of dealing with 

risk: 

i) Due to its relative simplicity it is widely used. 

ii) It accounts for project risk by requiring a higher return from the 

risky projects.  

 

Shortcomings of the risk-adjusted discount rate as way of dealing with 

risk: 

i) It is difficult to determine the correct risk margin for a specific 

project. 

ii) The use of the risk-adjusted discount rate attaches the same risk 

margin to each cash flow and its components. There is however 

components of the cash flows (such as the depreciation tax shield, 

which will be covered in the next chapter) that can be considered as 

safe and that should therefore be discounted at a rate that does not 

include the said risk margin. 

iii) By attaching the same risk margin to each cash flow, irrespective of 

its timing, the risk-adjusted discount rate ignores the fact that 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  LLiinnssttrröömm,,  LL    ((22000055))  



 29

uncertainty increases over time and that the risk margin should 

therefore also increase the further the cash flow is projected into the 

future. 

  

2.4.2 Certainty equivalent method 

 

According to the certainty equivalent method, a net present value (NPV) is 

also calculated. However, instead of adjusting the discount rate (as was 

done with the risk-adjusted discount rate in paragraph 2.4.1) the risk in the 

project is accounted for by making adjustments to the project cash flows, 

which are then discounted at a risk-free discount rate in order to get the 

NPV. [Du Toit et al (1997)] defines this adjustment as follows: 

"The certainty equivalent of a risky cash flow is defined as that part of the 

cash flow that the decision-maker would be prepared to accept with 

certainty in stead of the total risky cash flow." 

 

By applying this approach the certainty equivalent net present value can 

be calculated by using the following formula [Du Toit et al (1997)]: 
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where: 

CE(NPV) = The certainty equivalent net present value. 
I0 = The initial investment amount. 

CECt = The certainty equivalent coefficient (any value between 
0 and 1) of the cash flow in period t, where t = 0, 1, 2, 
�, n. 

CFt = The projected net project cash flow in period t. 
rf = Risk-free discount rate. 

 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  LLiinnssttrröömm,,  LL    ((22000055))  



 30

Advantages of the certainty equivalent method as a way of dealing with 

risk: 

i) It allows the decision-maker to more accurately reflect the risk in 

each cash flow. 

ii) It allows the decision-maker to account for the fact that risk and 

uncertainty increase the further one projects into the future. 

iii) It allows the decision-maker to reflect the company's attitude 

towards the risk.  

 

Shortcoming of the certainty equivalent method as way of dealing with 

risk: 

Even if one has the probability distributions of the projected cash flows, it 

can still be difficult to determine the correct certainty equivalent 

coefficients.  

 

2.4.3 Sensitivity analysis 

 

Given all the risks and uncertainties that are part of capital projects, it is 

most unlikely that the decision-maker's best estimate of the decision 

criterion will be accurate. It will therefore be very helpful to know how 

sensitive the decision criterion will be to changes in the key variables. 

This is where sensitivity analysis can provide useful insight into the 

factors that can influence the eventual outcome of a project. 

 

[Tarquin et al (1976)] suggested the following general procedure that 

should be followed when conducting a sensitivity analysis: 

i) Determine the variables that are most likely to vary from the 

estimated value. 

ii) Select the probable range and increment of variation for each 

variable. 
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iii) Compute and plot the value of the decision criterion resulting from 

changing the above variables within their probable ranges. 

 

By examining the changes in the decision criterion resulting from the 

changes in the variables, the decision-maker will be able to identify those 

variables to which the decision criterion is most sensitive. Given this 

knowledge the decision-maker knows which are the variables to 

concentrate on in the projection and also in the management of the project, 

once it has commenced. 

 

Figure 4 below shows the result of a sensitivity analysis that was done for 

the Electric Scooter project. The objective was to examine the sensitivity 

of the project's net present value (NPV) to changes in the initial 

investment, the variable manufacturing cost per unit and sales volume.  

 

Figure 4: Sensitivity Analysis on the Electric Scooter project. 
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The horizontal axis of the graph indicates the %-change in the specific 

variable and the vertical axis shows the project's NPV. For example, from 

the graph, one can see that a 20%-drop in the initial investment will result 

in a NPV of about R50m, which is a 60% increase on the original NPV-

amount. Similarly, one can see that a 20% increase in sales volume will 

result in a NPV of R73m, which is a 120% increase on the original NPV. 

 

From Figure 4 it is clear that the NPV is most sensitive to changes in the 

variable cost per unit. By examining this variable further, the decision-

maker will find that an increase of nearly 4% in the variable cost from 

R3,000 to R3,112 will result in a negative NPV. With this knowledge, the 

decision-maker can now assess what the likelihood of this is and this 

might lead to a re-consideration of whether to accept the project or not.  

 

The method described above examines the sensitivities in the decision 

criterion as the variables are changes one at a time. It is important in this 

analysis to ensure that the model always accurately reflects any logical  

relationships between the variables so that the relationships between all 

the variables always remain logical. 

 

Another approach to sensitivity analysis, is to examine the effect of 

different scenarios on the decision criterion. The decision-maker can 

describe say three scenarios, namely pessimistic, realistic and optimistic. 

By setting the key variables to the levels that will constitute the given 

scenarios, one can examine the sensitivity of the decision criterion to the 

different scenarios. Table 10 shows the assumptions and the results of a 

scenario sensitivity analysis on the Electric Scooter project. As indicated, 

the results for the three scenarios vary from a very low -R65m to very high 

R281m in net present value. 
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Table 10: Scenario Sensitivity Analysis on the Electric Scooter 

project. 

 

Sensitivity analysis gives the decision-maker an indication of possible 

losses should circumstances change. The knowledge thus obtained is most 

useful in identifying the variables that will require careful management or 

further research. 

 

A criticism of sensitivity analysis is that the work becomes very 

cumbersome when there are a large number of variables to examine. 

Whereas sensitivity analysis gives a good indication of the impact of 

specific variables, it does not give a clear indication of the project's overall 

risk in such a way that one can explicitly use it in decision-making. The 

analysis of various scenarios certainly helps, but the results are limited to 

the number of scenarios examined. 

 

Investment Variable Cost Sales NPV
Pessimistic 165,000,000     3,200                80,000       -64.81   

Realistic 150,000,000     3,000                100,000     31.22    
Optimistic 135,000,000     2,600                140,000     280.86  

SCENARIO SENSITIVITY ANALYSIS
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2.4.4 Break-even analysis 

 

Break-even analysis is to some extent just an extension of sensitivity 

analysis. In sensitivity analysis, one examines the effect of changes in 

variables on the decision criterion, whereas in break-even analysis one 

wants to establish the specific parameter value at which point the project 

becomes unattractive.  

 

For example, if the decision criterion is the net present value (NPV), a 

parameter's break-even point will be that value where the NPV becomes 

zero and beyond which the project becomes unacceptable. 

 

Table 11 below shows the results of the break-even analysis for the 

Electric Scooter project. 

 

VARIABLE 
INITIAL 

ESTIMATE 
BREAK-EVEN 

VALUE 
Initial investment amount R150m R200m 
Fixed annual costs R30m R42m 
Variable cost per unit R3,000 R3,112 
Sales volume 100,000 85,000 

 

Table 11: Break-even analysis for the Electric Scooter project. 

 

In providing the critical values for each variable, the break-even analysis 

is very useful. 
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2.4.5 Monte Carlo simulation 

 

Although very useful, the biggest shortcoming of sensitivity and scenario 

analysis is that it presents the effects on the decision criterion of only a 

limited number of combinations of variables. It is this shortcoming that the 

technique of Monte Carlo simulation addresses in its application to capital 

projects by presenting the entire range of possible project outcomes in 

such a way that one is able to identify the most likely outcome and also 

the spread of possible outcomes around this most likely value. This section 

will explain the main steps to take in performing a Monte Carlo simulation 

on a capital project. All steps will be illustrated through a simulation of the 

Electric Scooter project. 

 

STEP 1: MODELLING THE PROJECT 

The first step in the simulation is to develop a model that will project the 

cash flows as accurately as possible. The model must reflect the 

interrelationships in the variables from one period to the next and also the 

interrelationships between variables. Table 3 shows the model that was 

developed for the Electric Scooter project. 

 

It is also important to use the most appropriate decision criterion and to 

ensure that its calculation is included in the model. As some decision 

criteria include margins for risk, it is important with Monte Carlo 

simulation to exclude all such risk margins, as it is the whole idea of the 

simulation to express the nature and the extent of the project's risk 

explicitly. Therefore, if the net present value (NPV) is selected as the 

decision criterion, one must discount at the risk-free rate and not the 

opportunity cost of capital, "�because, if you know what that (the 

opportunity cost of capital) is, you don't need a simulation model �" 

[Brealy et al (1999)]. 
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STEP 2: SPECIFY THE PROBABILITIES 

Given the long-term nature of capital projects, the actual future values of 

most project variables will most probably differ from today's best 

estimates. Therefore, in addition to providing best estimates for each of 

the variables, this uncertainty can also be described by means of a 

statistical probability distribution for each of the variables. In this way, it 

is possible to indicate: 

• The best estimate of each variable; 

• The probable range of values for each variable and 

• The spread of likely values in each variable's range.  

 

The following three probability distributions should suffice for most 

variables in capital project models: 

i) Uniform distribution; 

ii) Normal distribution and the  

iii) Triangular distribution. 

 

Uniform distribution 

 

It is appropriate to use the uniform distribution when the variable can take 

on any value in a certain range with equal probability. 

 

The following parameters must be supplied regarding the variable: 

L = the low value in the range. 

H = the high value in the range. 

Another way of stating the range is simply to estimate an expected value 

and the ± range on both sides of the expected value. 
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Figure 5 shows the uniform probability distribution, with the equal 

probability of occurrence for all values in the range (i.e. values between L 

(70) and H(130)): 

 

 

Figure 5: Uniform Probability Distribution 

 

 

Another useful way in which to express a probability distribution, is with 

the cumulative probability distribution. The cumulative probability 

distribution for any specific value of the variable is simply the probability 

that the actual value of the variable will be less than this specific value. 

From this description it should be apparent that the cumulative probability 

distribution can only take on values between 0 and 1. Figure 6 shows the 

corresponding cumulative probability distribution of the uniform 

distribution shown in Figure 5. 
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Figure 6: Cumulative Uniform Probability Distribution 

 

From Figure 6 one can read that there is a 30% probability of the variable 

having a value of less than 88, also there is a 70% probability that the 

value of the variable will be less than 113. 

 

Normal distribution 

 

With its familiar bell shape, it is appropriate to use the normal distribution 

when there is some level of confidence about an expected value for the 

variable, but where allowance must be made for possible values on both 

sides of the expected value. The probability of such other values is higher 

for values close to the expected value and lower for values further from 

the expected value. 
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The normal distribution is defined by the following parameters: 

µ = The mean, or the expected value and  

σ = The standard deviation, which is a measure of the dispersion 

around the mean.   

A practical way of stating the above is simply to estimate an expected 

value and the ± range on both sides of the expected value. By assuming 

say that there is a 95% probability that the parameter will assume a value 

in this range, one can then derive both the mean and the standard 

deviation. 

 

Figure 7 shows the normal probability distribution, with the highest 

probability around the mean and the symmetrical bell-shape of lower 

probabilities on both sides of the mean. The distribution in Figure 7 has 

the following parameters: a mean, µ = 100 and a standard deviation, 

σ = 10. 

 

Figure 7: Normal Probability Distribution 
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Figure 8 shows the corresponding cumulative probability distribution of 

the normal distribution shown in Figure 7. 

 

 

Figure 8: Cumulative distribution of the Normal  
Probability Distribution 

 

Triangular distribution 

 

Where both the uniform and the normal distributions are symmetrical in 

shape, the triangular distribution can take on shapes that are either 

symmetrical or skewed. The triangular distribution is therefore useful 

when a variable's expected value lies closer to one of the boundaries of the 

variable's possible range. 

 

The triangular distribution is defined by the following parameters: 

 

L = The lower value of the variable's possible range.  

E = The variable's most likely value.  

U =  The upper value of the variable's possible range.  
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Figure 9 shows the triangular probability distribution, with the highest 

probability around the most likely value (E = 80) in a probable range 

between the lower value (L = 70) and the upper value (U = 130). 

 

Figure 9: Triangular Probability Distribution 

 

Figure 10 shows the corresponding cumulative probability distribution of 

the triangular distribution shown in Figure 9. 

 

Figure 10: Cumulative distribution of the Triangular Distribution 
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Specifying the Probabilities for the Electric Scooter project 

 

Table 12 below indicates the probability information of some of the key 

variables in the Electric Scooter project.  

 

Table 12: Specification of the probability distributions for key 
variables in the Electric Scooter project 

 

The initial investment amount has a triangular distribution with a low 

estimate of R130m, a best estimate of R150m and a high estimate of 

R210m. The annual fixed costs assume a uniform distribution between 

R25m and R35m. The variable cost per unit has a normal distribution with 

an average of R3,000 and a standard deviation of R 200. It is assumed that 

the annual sales figure has a triangular distribution with a low estimate of 

75,000, a best estimate of 100,000 and a high estimate of R150,000. 

 

STEP 3: SIMULATION RUNS 

Having specified the probability distributions of the variables, one can 

now simulate the future cash flows by extracting the values for the 

variables from the respective distributions. A recognized way of extracting 

a value from a probability distribution is to generate a random number 

between 0 and 1 and then by using this number as the cumulative 

probability, one can derive the variable value by using the corresponding 

cumulative probability distribution.  Each set of variable values thus 

extracted in effect represents a possible scenario of the future, for which 

the decision criterion can be calculated.  

Estimate Distribution 2nd parameter 3rd parameter
Investment = 150,000,000    Triangle 130,000,000    210,000,000    
Fixed costs = 30,000,000      Uniform 25,000,000      35,000,000     

Variable costs per unit = 3,000              Normal 200                 
Annual Sales = 100,000           Triangle 75,000             150,000          

Price = 3,750              

Probability detailAssumptions
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By repeating this process for a number of times, one gets a range of 

possible decision criterion values. By calculating the average and the 

standard deviation, one gets an indication of the most probable value and 

also the possible spread around the average.  

 
Figure 11: The results of 500 Monte Carlo simulation runs on the 

Electric Scooter project. 

Estimate Type 2nd parameter
3rd  

parameter
Random 
number

V ariable 
Value

Investment = 150,000,000   T 130,000,000     210,000,000  0.18        147,132,747    
Fixed costs = 30,000,000     U 25,000,000       35,000,000    0.73        32,337,788      

V ariable cost = 3,000             N 3,000               200                0.65        3,079              
Annual Sales = 100,000         T 75,000              150,000         0.94        135,189          

Price = 3,750             
Tax rate = 50%

Discount rate = 10%

0 1 2 3 4 5 6 7 8 9 10
Sales (thousands) 135   135                  135                135         135                 135   135   135   135   135   

Revenue (Rm) 507   507                  507                507         507                 507   507   507   507   507   
Investment (Rm) -147               
Fixed Costs (Rm) -32    -32                   -32                -32         -32                  -32    -32    -32    -32    -32    

Variable Costs (Rm) -416  -416                 -416               -416       -416                -416  -416  -416  -416  -416  
Depreciation (Rm) -15    -15                   -15                -15         -15                  -15    -15    -15    -15    -15    

Pre-tax profit (Rm) 44     44                    44                  44           44                   44     44     44     44     44     
Tax (Rm) -22    -22                   -22                -22         -22                  -22    -22    -22    -22    -22    

N et C ash Flow  (Rm ) -147               37     37                    37                  37           37                   37     37     37     37     37     

N PV (Rm) = 70.51             

M onte Carlo Simulation 
Run: N PV A verage NPV = 42.71             

70.51             Standard D eviation = 73.58             
1 -88                 
2 49                  
3 190                
4 196                Bin Frequency
5 17                  -167             0
6 5                    -143             0
7 55                  -120             1
8 47                  -96               8
9 62                  -73               11

10 -72                 -50               19
11 -7                   -26               26
12 14                  -3                 59
13 13                  21                71
14 174                44                73
15 60                  67                68
16 2                    91                56
17 141                114              32
18 -16                 137              34
19 -82                 161              15
20 8                    184              9
21 137                208              6
22 -70                 231              5
23 90                  254              4
24 24                  278              3
25 67                  301              0
26 -40                 325              0
27 1                    More 0
28 -8                   
29 -25                 
30 32                  

Year

Probability  detailA ssumptions Simulation
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In addition to calculating averages and standard deviations, one can also 

learn a lot by simply drawing a histogram of the observations. Figure 11 

above shows the results of 500 simulation runs done on the Electric 

Scooter project. 

 

The first section of Figure 11 shows the parameters of the probability 

distributions for the four variables. Also shown is one simulation run's 

random numbers between 0 and 1, which are used to extract the variable 

values from their cumulative probability distributions. These variable 

values are then used to calculate the decision criterion (in this case NPV) 

for that simulation run. Shown in Figure 11 are the NPV's for the first 30 

simulation runs.  

 

STEP 4: INTERPRETATION 

 

Also shown in Figure 11 is the NPV average and standard deviation of the 

500 simulation runs. The histogram of the results of the 500 simulation 

runs, has a shape similar to the well-known bell-shape of the statistical 

normal distribution. In this case, it might therefore be reasonable to 

assume that the NPV of the Electric Scooter project has a normal 

distribution with an average of R42.71m and a standard deviation of 

R73.58m.  

 

In many cases the histogram will not approximate the shape of the normal 

distribution. In such cases, the shape of the histogram might clearly 

indicate which other distribution would be more appropriate. Even then, it 

might not be possible to assume a known distribution, in which case one 

can estimate the risk or the probability of a negative NPV as the number of 

simulation NPV-results below zero divided by the total number of 

simulation results. 
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Figure 12 also shows the normal distribution for the Electric Scooter 

project and it also shows that the area left of zero is 28%. One can 

therefore say that the Electric Scooter project has a 28% chance of 

producing a negative NPV.  

 

Figure 12: Probability distribution of the Net Present Value of the 

Electric Scooter project 

 

Figure 13 shows the corresponding cumulative distribution function for 

the Electric Scooter project. This distribution makes it easy to read off the 

probability that the NPV will turn out to be negative. 
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Figure 13: Probability distribution of the Net Present Value of the 
Electric Scooter project 

 

 

Even though the Electric Scooter project has a positive NPV, the Monte 

Carlo simulation provided further insight by indicating a significant 

probability of failure. This might influence the decision-maker not to 

commence the project or to authorize further investigation in order to 

revise the assumptions on the variables and their probability distributions. 

Alternatively, the decision-maker may decide to go ahead, but then at least 

with the knowledge that the project is risky and therefore requires focused 

management. 

 

Advantages of the Monte Carlo simulation method as a way of 

quantifying project risk: 

i) The process of investigating the uncertain variables in order to 

specify their probability distributions creates a very good 

understanding of how the project works and of what can go wrong. 

ii) Monte Carlo simulation provides a single view of the aggregate 

impact of all the uncertainties inherent in a project.  
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iii) The method provides a transparent structure where the decision-

maker's view of each variable can be expressed explicitly. 

 

Disadvantages of the Monte Carlo simulation method as a way of 

quantifying project risk: 

i) It can be difficult and costly to describe the various probability 

distributions. 

ii) It is more complicated to perform the simulation than to apply some 

of the other methods. 
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2.5 Selection techniques 

 

2.1 Capital projects defined 

2.2 The capital budgeting process 

2.3 Decision criteria 

2.4 Risk analysis 

2.5 Selection techniques 

2.6 Conclusion 

 
Selection techniques 

 
The objectives of this section are: 
• To present the current selection 

techniques available for selecting the 
best combination of projects.  

• To discuss the usage and merits of 
these techniques. 

 
 

After all the investigation work has been completed on both the existing and the 

new projects, the decision-maker must select the best combination of projects 

taking into account any limitations on resources and capabilities. This section will 

describe the following techniques that address this problem: 

• Capital rationing 

• Linear, integer and mixed integer programming 

• Analytical hierarchy process 
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2.5.1 Capital rationing 

 

Companies do not always have all the capital available to finance all the 

projects that have passed the decision-maker's decision criteria. The 

identification of the best possible combination of projects can become a 

complicated task in such circumstances. 

 

One way to do the selection, is to rank the projects in a descending order 

in terms of the main decision criterion and to select the projects from top 

to bottom until the capital limitation has been reached. Even though it 

sounds simple, [Brealy et al (1999)] illustrates certain complications with 

the following example of three projects A, B and C: 

 

 Cash Flows (Rm)   

Project C0 C1 C2 
NPV  

(@ 10%) 
Profitability 

Index 
A -10 30 5 21 2.1 
B -5 5 20 16 3.2 
C -5 5 15 12 2.4 

 

Table 13: Capital rationing example 

 

In Table 13 C0, C1 and C2 denote the net cash flows at the start of the 

projects and after one and two years respectively. Table 13 also shows the 

NPV for each project and also another criterion called the Profitability 

Index, which is calculated as follows: 

Investment
valuepresentNetIndextyrofitabiliP =  

The Profitability Index is therefore an indication of the highest net present 

value per unit of capital invested.  

 

In the example, the decision-maker has an investment capital constraint of 

R10m. When using the NPV-rule, the decision-maker will select the first 
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project, namely project A as it provides the highest NPV and since its 

investment amount corresponds to the constraint of R10m. However, 

when using the profitability index as the criterion, the order of the projects 

changes to: B, C, A. Since the total investment capital for projects B and C 

amounts to R10m, the decision-maker will choose them instead of project 

A. It is therefore important to select the most appropriate decision-

criterion, when selecting projects under conditions of limited capital. 

 

The most important limitation of the capital rationing ranking technique is 

that it can only be applied without complications when there is only a limit 

on the initial capital amount. [Brealy et al (1999)] illustrated this limitation 

by expanding the above example to cases where there are also capital 

requirements and limitations on the available capital in the second year. 

The technique can also not cope with the situation where one project is 

dependent on another. 

 

2.5.2 Linear, integer and mixed integer programming (LP) 

 

Linear programming is an optimization technique that is very useful in 

capital budgeting problems as it produces an optimal solution while taking 

account of many constraints. In 1947 George Dantzig developed the 

simplex algorithm for solving linear programming problems. According to 

[Winston (1994)] LP has been used to solve optimization problems in 

many industries. A survey of Fortune 500 companies indicated that 85% 

of the responding companies had used LP. 
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In this section the use of linear programming is illustrated by way of an 

example, based on the projects in Table 14. 

 

 Cash Flows (Rm)  

Project C0 C1 C2 
NPV  

(@ 10%) 
A -10 30 5 21 
B -5 5 20 16 
C -5 5 15 12 
D 0 -40 60 13 

 

           Table 14: Projects in linear programming 
                        example from [Brealy et al (1999)]. 

 

In this example, the decision-maker has to select the best combination of 

projects subject to the limitation on the net cash outflow for period 0 of 

R10m and also a R10m limitation on the net cash outflow for period 1. 

 

The first very important component of any linear programming application 

is the objective function, which is the value that the decision-maker must 

either maximize or minimize.  In this example it is assumed that the 

decision-maker wishes to select that combination of projects that will 

maximize the NPV. 

 

If one defines xA as the proportion of project A that is selected by the 

linear program, then one can say that the resultant NPV-contribution of 

this choice is 21xA. One can also limit the value of xA to be between 0 and 

1, which means that one cannot select a negative portion of a project and 

also that one cannot select a portion greater than 1 of a project. In a linear 

program this xA is called a decision variable. In the same way, one can 

define the other decision variables xB, xC  and xD as the respective 

proportions selected of projects B, C and D in order to maximize the 

overall objective function.  
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Given these decision variables and the NPV's for each project (see Table 

14), one can now formulate the objective function as follows: 

 

Maximize NPV = 21 xA + 16 xB + 12 xC + 13 xD 

 

The first constraint in this example is that the total cash outflow in period 

0 must not exceed R10m. Table 14 also shows the net cash flow for each 

project in period 0. The selection of the projects is therefore subject to the 

following constraint: 

 

10 xA + 5 xB + 5 xC + 0 xD ≤ 10 

 

The second constraint requires that the total cash outflow in period 1 must 

also not exceed R10m. This constraint can therefore be formulated as 

follows: 

 

-30 xA - 5 xB - 5 xC + 40 xD ≤ 10 

 

Finally the linear program also requires that one specify the value ranges 

of each of the decision variables, as follows: 

 

0 ≤ xA ≤ 1,   0 ≤ xB ≤ 1,   0 ≤ xC ≤ 1 and 0 ≤ xD ≤ 1       
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Table 15 shows both the structure and the solution of the above linear 

programming example. The What's Best add-in for Microsoft Excel 

(developed by Lindo Systems) was used to solve this linear programming 

example. 

 

Table 15: Example of a linear programming example. 

 

The solution to the above problem is therefore that a maximum total NPV 

of R36.25m can be achieved by selecting a half of project A, the full 

project B and three-quarters of project D. Table 15 also shows how all the 

constraints are satisfied. 

 

The main advantage of linear programming is that it gives one the optimal 

solution for a typical selection problem where the solution has to satisfy a 

number of constraints. In the past it was necessary to write costly and 

complicated programs in order to solve linear programming problems, but 

today most spreadsheets come with the functions that can solve linear 

programming problems.  

 

It might not always be possible to select fractional projects, as suggested 

by the solution in Table 15. Many capital projects can only be 

Project
Decision 
variables

A 0.50           
B 1.00           
C -            
D 0.75           

Objective Function:
Maximize total NPV = 36.25         

Constraints: Value Limit Relation
Cash outflow in period 0 = 10.00         10 =<=
Cash outflow in period 1 = 10.00         10 =<=

Decision variable for project A = 0.50           1 <=
Decision variable for project B = 1.00           1 =<=
Decision variable for project C = -            1 <=
Decision variable for project D = 0.75           1 <=
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implemented as wholes and not as fractions. This would require that the 

model ensure that the decision variables remain either 0 or 1. The solution 

of such a situation is known as integer programming (IP). IP is therefore 

just an LP problem, but with the only difference that the decision variables 

can either take on values of 0 or 1. Table 16 shows the solution for the 

integer programming problem. 

 

 

Table 16: Example of an integer programming problem. 

 

With the selection of projects B and C, the total NPV drops by 23 % to 

R28m as a result of the requirement that the decision variables are now 

either 0 or 1. 

 

Note that some of the decision variables could be integer while some 

others could assume fractional values. This is known as a mixed integer 

programming problem.  

 

Project
Decision 
variables

A -            
B 1.00           
C 1.00           
D -            

Objective Function:
Maximize total NPV = 28.00         

Constraints: Value Limit Relation
Cash outflow in period 0 = 10.00         10 =<=
Cash outflow in period 1 = -10.00        10 <=

Decision variable for project A = -            1 <=
Decision variable for project B = 1.00           1 =<=
Decision variable for project C = 1.00           1 =<=
Decision variable for project D = -            1 <=
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2.5.3 Analytical hierarchy process (AHP) 

 

AHP is a technique that can be applied in the capital budgeting process as 

it enables the decision-maker to prioritize the investment opportunities. 

AHP not only takes account of the financial aspects but it enables the 

decision-maker to also take into account qualitative and intangible factors 

such as public perception, staff morale, safety, service enhancement and 

political benefits.  

 

Thomas Saaty developed the AHP technique for use in decisions where 

there are multiple objectives. AHP can certainly be applied in capital 

budgeting, since the decision-maker must simultaneously give 

consideration to multiple factors. 

 

AHP can work as follows in capital budgeting: 

• Multiple objectives: The first step is to identify all the objectives that 

the selected projects must support. 

• Relative importance of objectives: AHP applies a pairwise comparison 

process with consistency checks in order to arrive at weights for each 

of the objectives. The objective's weight is an indication of its relative 

importance. 

• Project scores per objective: The next step is to assess and score each 

of the projects in respect of each objective. 

• Total project score: Given the weights for the different objectives and 

the project scores per objective, one can then calculate an overall score 

for each project. 

• Overall ranking of the projects: The projects can now be ranked 

according to their total scores. 
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To illustrate the AHP, consider the company Freesia Industries that want 

to rank the six projects A, B, C, D, E and F in terms of the following 

multiple objectives:  

• Economic feasibility 

• Health and safety 

• Customer satisfaction 

• Reputation in the market 

• Social responsibility 

 

The first step will be to determine the relative importance of these multiple 

objectives in respect of capital budgeting. Freesia Industries has to 

complete the pairwise comparison matrix (see Table 18) where each of 

the objectives is compared to all the others and where they have to decide 

on the values aij, that indicates by how much objective i is more important 

than objective j.  Table 17 explains the interpretation of the values that can 

be entered into the pairwise comparison matrix.   

 

Comparison 
Value aij Interpretation 

1 Objectives i and j are of equal importance. 
3 Objectives i is weakly more important than objective j.  
5 Experience and judgement indicate that objective i is 

strongly more important than objective j. 
7 Objectives i is very strongly or demonstrably more 

important than objective j. 
9 Objectives i is absolutely more important than objective j. 

2,4,6,8 Intermediate values when the importance lie midway 
between the above interpretations. 

 

Table 17: Interpretation of entries in a pairwise comparison matrix 
[Winston W. L. (1994)] 
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Table 18 shows the pairwise comparison matrix completed by Freesia 

Industries. 

 

Table 18: Pairwise comparison matrix for the multiple  
objectives of Freesia Industries 

 

Table 18 shows the relationship between the objective in the left-hand 

column and the objective in the heading of a specific column. For 

example, to determine the relative importance of "Economic Feasibility" 

over "Health and Safety", one locates the "Economic" row and moves 

right to the "Safety" column where a value of "4" is found. It is therefore 

the view of Freesia Industries that "Economic Feasibility" is four times as 

important as "Health and Safety" in respect of capital budgeting. The 

inverse also applies as the relative importance of "Health and Safety" over 

"Economic Feasibility" is indicated as 0.25 or ¼. 

 

[Winston W.L. (1994)] provides a detailed description of the AHP-method 

and also shows how to implement AHP on a spreadsheet. By applying 

statistical consistency checks to the pairwise comparison matrix, the AHP-

method indicates whether the logic in the matrix is consistent or not. If it 

found to be inconsistent, one can revise the entries until a consistent 

structure is found.  

 

Once the pairwise comparison matrix is consistent, the AHP-method 

calculates the weights of the objectives in terms of importance (see Table 

19). 

 

 

Economic Safety Customer Reputation Social
Economic 1.00 4.00 8.00 9.00 9.00

Safety 0.25 1.00 2.00 3.00 6.00
Customer 0.13 0.50 1.00 2.00 3.00

Reputation 0.11 0.33 0.50 1.00 1.50
Social 0.11 0.17 0.33 0.67 1.00
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Objective Weight
Economic feasibility 60%
Health and safety 20%
Customer satisfaction 10%
Reputation in the market 6%
Social responsibility 4%

 

Table 19: Weights in terms of importance of the multiple  
objectives for Freesia Industries 

   

The next step is to weigh the different projects in terms of each objective. 

Since economic feasibility is the only tangible objective in terms of 

measurement, one can use the selected decision criterion for the ranking of 

the projects in respect of this objective. Freesia Industries uses NPV as 

their criterion for economic feasibility. Table 20 shows how one can use 

the calculated NPV's to determine the project weights in respect of 

economic feasibility. 

 

Table 20: Ranking of projects in terms of economic feasibility. 

 

Each project's weight in Table 20 is equal to the ratio of its NPV to the 

sum of all the projects' NPV's. For example, the weight of project A is 

equal to 23 / 85 = 27%. 

 

The other objectives are intangible and it is more difficult to determine the 

project weights for these objectives. For this one can again complete a 

pairwise comparison matrix for each objective where the projects are 

compared to each other in terms of the specific objective. The AHP-

NPV (Rm) Weight Ranking
Project A 23 27% 1
Project B 10 12% 5
Project C 18 21% 2
Project D 12 14% 4
Project E 6 7% 6
Project F 16 19% 3

85
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methodology confirms the consistency of each matrix and determines the 

project weights per objective. When this is done for each objective, the 

results can be presented as in Table 21. 

 

Table 21: Ranking of projects for Freesia Industries 

 

Table 21 presents the final order of the projects in terms of the company's 

multiple objectives. It is interesting to note how the order has changed 

from Table 20 where only economic feasibility was considered to the final 

order in Table 21 where all the objectives were taken into account. Note 

how Project B moved up from the 5th to the 3rd position. The main reason 

for this must be the fact that this project has the highest weight for health 

and safety, which is also the most important objective after economic 

feasibility. 

 

Economic 
feasibility

Health 
and safety

Customer 
satisfaction

Reputation in 
the market

Social 
responsibility

Weights of objectives 60 20 10 6 4
Project A 27% 12% 9% 43% 5% 22.32          
Project B 12% 34% 11% 7% 24% 16.34        
Project C 21% 18% 12% 23% 12% 19.37          
Project D 14% 7% 40% 12% 11% 15.03        
Project E 7% 23% 17% 7% 45% 12.76          
Project F 19% 6% 11% 8% 3% 14.19        

100% 100% 100% 100% 100% 100.00      

Rank Project AHP-Score
1 Project A 22.32           
2 Project C 19.37           
3 Project B 16.34           
4 Project D 15.03           
5 Project F 14.19           
6 Project E 12.76           

OBJECTIVES

AHP Score
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Advantages of AHP: 

i) AHP provides a structured and transparent way of accounting for 

qualitative and intangible factors that are often overlooked by other 

techniques. 

ii) AHP can accommodate large numbers of criteria, subcriteria and 

alternatives. 

iii) The process of pairwise comparison often results in different points 

of view amongst management. As consensus is required, there is a 

lot of value in the debates, which certainly contributes to the 

clarification and understanding amongst management of which 

factors are more important than others.  

iv) The participation of management in the process leads to easier  

acceptance of and buy-in into the eventual decisions. 

 

Disadvantages of AHP: 

i) AHP is a fairly involved technique and the participants often require 

some educating in the method. 

ii) The pairwise comparison procedure quickly becomes very time-

consuming as the number of objectives and alternatives increase. 

iii) Whereas AHP can order projects in terms of multiple objectives, it 

does not optimize the selection of capital projects where a number of 

physical constraints are present. 
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2.6 Conclusion 

 

2.1 Capital projects defined 

2.2 The capital budgeting process 

2.3 Decision criteria 

2.4 Risk analysis 

2.5 Selection techniques 

2.6 Conclusion 

 
Conclusion 

 
The objective of this section is to 
formulate the requirements for an 
integrated approach to capital budgeting 
that will achieve and maintain the optimal 
portfolio of capital projects while also 
addressing the shortcomings of the 
current techniques. 
 

 

The main difficulty with the assessment, selection and management of capital 

projects lies in the complexity, caused by so many different factors that impact on 

the eventual outcomes. Before approving such capital projects, careful 

consideration is given to the detailed feasibility studies. For such projects to be 

successful, the actual outcomes must compare favorably to the assumptions in the 

feasibility studies. Sound continuous management of the capital projects, under 

changing circumstances, is therefor a critical success factor for the future viability 

of the company and the wealth of its shareholders and for the interests of all its 

stakeholders. Many companies assess capital projects on an individual project 

basis by calculating the relevant economic measures and, based on the outcome, 

then decide whether to proceed or not. In this dissertation a portfolio management 

approach is proposed whereby, instead of only focusing on the individual 

projects, one rather attempts to identify the optimal combination of both current 

and new capital projects that will maximize the future value of the portfolio of 

projects. 

 

It is the premise of this dissertation that the approach to the solution of the 

problem of capital projects can be improved by integrating the most appropriate 

techniques and by applying the principles of portfolio theory and portfolio 

management. Therefore, in addition to considering the individual merits of the 

different projects, it will be shown that a better solution can be found when one 
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also considers the characteristics of the selection (or portfolio) of projects. In 

Chapter 3 such an integrated model will be developed. This model will at least 

address the shortcomings of the current techniques and will also endeavor to 

address additional features that will simplify the process of initial selection and 

continued management of a company's portfolio of capital projects. This model 

will ensure that both the initial selection and the continued management of a 

company's capital projects are done in such a way that it adheres to the following 

requirements: 

 

i) The model must ensure that the selection of capital projects supports the 

company's strategic objectives. 

ii) The model must enable one to quickly indicate the impact on the portfolio 

of projects of any changes in the economy and industry that the company 

operates in. Such changes can result in the termination or postponement of 

existing projects or in the commencement of some new projects such that 

the new combination of projects is the optimal one given the new 

circumstances.  

iii) The model must take account of the company's financial and physical 

capabilities and capacities.   

iv) The model must take account of any interdependencies amongst different 

projects (for example when one project can only be included if another is 

excluded or when one can only be included if another is included).  

v) The model must enable one to reflect the overall risk level of the portfolio 

of projects. In order to do this, one should be able to indicate the 

correlation in terms of returns that there might exist between the different 

projects. 

vi) The model must be able to cater for the subjective experience and 

judgement of management. 

vii) The model should also enable the measurement of progress and should 

provide input for use in the regular reviews of the composition of the 

portfolio of capital projects. 
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viii) The model must be able to account for the many qualitative and intangible 

factors involved in the decision-making process.  
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C H A P T E R   3  
 

DEVELOPMENT OF AN INTEGRATED 

CAPITAL BUDGETING MODEL 

 

 

The objective of this chapter is to develop a capital budgeting model that will optimize 

and address the current problems with the capital budgeting process through an approach 

that will integrate the analysis, selection and the continued management of a company's 

existing and new capital projects. Figure 14 highlights this objective in relation to the 

overall approach for the dissertation. 

 

 

It is the premise of this dissertation that this integration and optimization can be achieved 

by applying the principles of portfolio theory and portfolio management. In addition to 

examining the characteristics of the individual projects, the model must therefore focus 

on the behaviour of the portfolio of projects.  

 

The chapter starts by considering the basics of portfolio theory and continues with the 

development of a portfolio mandate and the consideration of the impact that this 

approach has on the way in which the projects are modeled. Attention is given to the 

assumptions in the model, the inputs that will be required for each project and how to 

Figure 14: The objectives of chapter 3 in relation to
the overall approach for the  dissertation.

Definition and
research

Conclusions Application of
model

Research and
development

Criteria for a
new approach

Capital budgeting
techniques
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deal with uncertainties in the assumptions and the inputs. The chapter shows how each 

project can be analyzed and how to introduce portfolio and other constraints and also how 

to ensure that the portfolio adheres to the company's strategy. There is a detailed 

description of how to ensure that the portfolio risk remains within acceptable limits. The 

chapter concludes by describing how the model selects the final portfolio and once 

implemented, how the portfolio can be managed in order to maintain the optimal solution 

under changing circumstances. 
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3.1 Portfolio theory and capital projects 

 
3.1 Portfolio theory and capital projects 
3.2 An integrated optimization model 
3.3 Assumptions in the model 
3.4 Economic feasibility of projects 
3.5 The multiple objective function  
3.6 Risk analysis of projects 
3.7 Risk analysis of the portfolio of projects 
3.8 Constraints 
3.9 The optimal solution 

3.10 Portfolio management 

Portfolio Theory and capital projects 
 

The objectives of this section are: 
• To provide an overview of portfolio theory.  
• To indicate what aspects can be applied to the 

selection and management of a portfolio of 
capital projects. 

 

 

Due to various limitations (e.g. limited availability of capital; limited capacity in the 

company to successfully undertake additional work) it is not always possible to 

implement all the projects that have passed the evaluation stage. Hence the need in the 

selection stage to approach the problem of selection from a portfolio point of view, 

where the objective is to select the best subset of projects given the company's strategy 

and limitations.  

 

According to Wilkes (1978), "Portfolio Theory is concerned with the problem of 

selecting (and in general building and revising) an optimal set of investments (the 

portfolio) bearing in mind the anticipated returns to these investments, the risk 

associated with them and the utility of the investor" 

 

This description covers the following key aspects of portfolio management: 

 

i) "selecting": This is the process of selecting those projects that will best 

contribute to the attainment of the company's goals, given the constraints under 

which the choices must be made. The outcome of this process is the company's 

portfolio of capital projects. 

ii) "optimal set": For the portfolio to be optimal, the selected projects must be the 

best combination for attaining the company's objectives. The objective is to 

select the optimal portfolio of projects. This is not the same as selecting the 

best individual projects. 
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iii) "anticipated returns": Maximizing investment returns is usually one of the 

most important objectives in the management of a portfolio of capital projects. 

"Returns" however can also refer to benefits that are not always quantifiable in 

monetary terms. 

iv) "risk � and the utility of the investor": While the objective is usually to 

maximize the returns and benefits arising from the company's capital projects, 

this cannot be done at the expense of exposing the company to such a level of 

risk that the company's future is thereby compromised. It is therefore crucial 

that cognizance is taken both of the risks inherent in each project and of the 

company's capacity for risk exposure. Since the individual projects will 

respond differently to changing circumstances (in a given set of circumstances 

some will do better than others), it is very important to examine the risk 

characteristics of the portfolio as a whole.  

v) "building and revising": This is the very important on-going process of review 

and assessment of whether the chosen portfolio of capital projects is still the 

optimal one. In this process the company must assess the progress of the 

projects that are underway, the attractiveness of any new projects and the 

impact of changes in the economy, the industry and the political environment. 

The outcome of this process will be changes to the portfolio such that the new 

portfolio is then the optimal one, given the new set of circumstances, 

knowledge and experience. 

 

The portfolio-approach to the selection of capital projects can result in decisions that 

differ from the decisions taken when comparing projects on a one-to-one basis. For 

example, when using the Net Present Value (NPV) rule, Project A is preferred to 

Project B if NPVA > NPVB. However in a portfolio context Project B might be selected 

as its cash flow pattern might optimize the portfolio by for example releasing cash 

flows at a time when capital is needed to undertake other feasible projects. Project B 

might also be a prerequisite for say Project C, such that the combination of projects B 

and C is preferred to Project A. 
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It is therefore important, in order to identify the optimal portfolio of projects, that the 

decision-maker, in addition to analyzing the individual projects, also considers the 

behaviour of the portfolio of projects.  
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3.2 An integrated optimization model 

 
3.1 Portfolio theory and capital projects 
3.2 An integrated optimization model 
3.3 Assumptions in the model 
3.4 Economic feasibility of projects 
3.5 The multiple objective function  
3.6 Risk analysis of projects 
3.7 Risk analysis of the portfolio of projects 
3.8 Constraints 
3.9 The optimal solution 

3.10 Portfolio management 

An integrated optimization model 
 

The objective of this section is to provide an overview 
of an integrated approach to finding the optimal 
portfolio of capital projects. 

 

Figure 15 shows the main components of an integrated optimization model that 

produces the optimal portfolio of capital projects and addresses the shortcomings 

of the current techniques. 

 

Figure 15: Components of the integrated capital project portfolio model. 

 

Below follows a brief description of each of the model�s components 
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Output of the model: Optimal portfolio of capital projects 

The output of the model is a set of decisions regarding the optimal composition of 

the company's portfolio of new and existing capital projects. The model must 

indicate "start / do not start" decisions regarding the new projects and "continue / 

delay / terminate" decisions regarding existing projects. The optimal portfolio is 

attained by maximizing value to the company in terms of the quantitative/tangible 

and qualitative/intangible multiple objectives and by adhering to all constraints 

and risk requirements. 

 

Multiple objectives 

A key short-coming of the current capital project budgeting techniques is that the 

decision criterion is a financial one (e.g. the internal rate of return, net present 

value, payback period, etc.). Companies however do not operate in financial 

vacuums where the wealth of the shareholder is the only objective, but they 

operate in environments where there are other objectives that are also important. 

Examples of such other objectives are customer satisfaction, staff morale, product 

quality, health and safety, social responsibility, environmental conservation, brand 

value, perceptions in the market place, supplier relationships and others. 

 

This model addresses this problem by having a composite function that consists of 

multiple objectives and by selecting the projects in such a way that this multiple 

objective function is optimized.  

 

The decision-maker must identify all the objectives to be considered in the 

company's decisions regarding capital projects. Once identified, the decision-

maker is prompted to indicate the relative importance of the multiple objectives in 

terms of the capital budgeting decision. It is imperative that employees that have a 

very clear understanding of the company's strategy give this input. If the 

interpretation of the company's strategy is wrong, the model might recommend 

decisions that will not support the company's strategic vision. Based on this input, 

the model attaches weights to the objectives that indicate their relative 
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importance. These weights will ensure that the appropriate preference is given to 

those projects that do not necessarily stand out in terms of economic benefits but 

that also contribute more in terms of the non-economic intangible objectives. 

 

Risk 

Risk in terms of this model is defined as the probability that a capital project is 

not profitable. In this context, profitability relates to a project's ability to generate 

returns in excess of the sum of the company's cost of capital plus its minimum 

acceptable profit margin.  

 

In this model, risk is considered both on the project and on the portfolio levels. 

On the project analysis level, the company should determine the risk of each 

project and should at this stage already decline those projects that appear to be too 

risky. On the portfolio level, the model also gives an indication of the portfolio 

risk, in other words the probability that the portfolio of products will generate 

unacceptable low returns. By specifying the company's minimum acceptable level 

of portfolio risk, the decision-maker can ensure that the risk of the chosen 

portfolio of projects will be within acceptable norms. 

 

Constraints 

The company can only implement a portfolio of capital projects if careful account 

is taken of its own capabilities and capacities. The decision-maker must take great 

care in formulating the financial, physical and other constraints so that the output 

of the model can be feasible. 

 

Assumptions 

All capital budgeting decisions are based on analyses of projections of future cash 

flows. As a first step one must identify all the variables that will determine the 

future cash flows. It is important to understand the interrelationships between 

these variables and to develop the model in such a way that these relationships 

always apply. In order to produce these projections of the future cash flows, it is 
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necessary to make assumptions about these variables. In this model the decision-

makers not only make best-estimate assumptions, but also describe the extent and 

the nature of the uncertainties concerning the variables. Although many aspects 

about the future are very uncertain, the set of assumptions is at least an indication 

of how the decision-makers view the future and the model will ensure that the 

final portfolio is the optimum for this view of the future. 

 

Projects 

The model requires the following input in respect of the projects: 

• The outstanding projected cash flows of the existing and the new projects. 

• Each project's score in terms of each of the multiple objectives. 

• The detailed project assumptions. 

• The detailed descriptions of the uncertainties in certain variables. 

• The logical relationships amongst the projects (e.g. when project A can only 

start if project B has been selected; when only one of projects C, D and E can 

be selected; etc.).  

 

Optimization 

The What's Best add-in for Microsoft Excel (developed by Lindo Systems) will be 

used for the portfolio optimization. This software can be used to solve both linear, 

non-linear and integer programming problems in a spreadsheet and was found to 

be suitable for this application. 

 

Implementation and management 

It is important for management to carefully analyze and review the output of the 

portfolio optimization. Management must be satisfied that the proposed portfolio 

is the best one for the moving the company towards its strategic vision. There 

might for example be some constraints that can be adjusted and the model enables 

one to study the impact of constraint changes on the overall outcome of the 

portfolio. After the portfolio has been implemented, many changes (e.g. 

economic, industrial, strategic, regulatory or even the identification of new 
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projects) can prompt the company to re-assess the composition of its portfolio of 

capital projects. Once the company is satisfied with the significance and 

permanence of these changes, the model can be re-populated with the latest 

information and can recommend the changes that must be made to the portfolio in 

order for it to be optimal. The implementation of such changes will again be 

subject to management approval.  
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3.3 Assumptions in the model 

 
3.1 Portfolio theory and capital projects 
3.2 An integrated optimization model 
3.3 Assumptions in the model 

 
3.4 Economic feasibility of projects 
3.5 The multiple objective function  
3.6 Risk analysis of projects 
3.7 Risk analysis of the portfolio of projects 
3.8 Constraints 
3.9 The optimal solution 

3.10 Portfolio management 

Assumptions in the model 
 

The objectives of this section are as follows: 
• To describe the types of assumptions necessary 

for capital budgeting, from macroeconomic to 
project-specific. 

• To explain how to include the assumptions in the 
model. 

• To explain how to deal with uncertainties in the 
assumptions. 

 

All capital budgeting decisions are based on analyses of projections of future cash 

flows. In order to produce these projections, one must identify and estimate all the 

variables that will determine these future cash flows. It is important to understand 

the interrelationships between these variables, as some variables (called 

endogenous variables [Tennent et al (2001)]) can be derived from within the 

model. The other variables that are direct inputs into the model and that cannot be 

determined through the use of formulae and other inputs are called exogenous 

variables. 

 

Given the far-reaching impact of capital budgeting decisions, it is critical for the 

company to obtain the best available intelligence in order to derive the most 

accurate estimates regarding the future. There are however numerous examples 

worldwide of capital projects where the projections have been significantly 

inaccurate, for example according to [Wendell Cox Consultancy (1998)]: 

i) The costs for the Channel Tunnel between England and France were 

originally projected at $7.8bn, but escalated to $18.6bn - an increase of 

nearly 140%! 

ii) The costs for the New Denver International Airport were originally projected 

at $1.7bn, but escalated to $4.8bn - an increase of about 280%! 

 

These inaccurate forecasts were made despite the availability of a wealth of data 

and experience. It therefore illustrates how critical it is to produce accurate 
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forecasts and also suggests that the company should take into account its own 

ability to forecast accurately.  

 

A very important aspect of the model's assumptions and inputs is consistency. In 

respect of this model, consistency means that all the variables that relate to others, 

should always be allocated values that adhere to such interrelationships. An 

important example is the relationships of many items to the exchange rate. 

Changes in the exchange rate will certainly influence demand and also the costs 

of production. Once all the variables have been identified, it is important to 

determine how and to what extent the variables relate to each other. These 

relationships must be captured in the model so that the model output will always 

be consistent irrespective of which variables are changed. 

 

Most cash flow items are really just best estimates of unknown future values. In 

statistical terminology such items are called random variables, as their eventual 

values will most probably differ from the initial estimates. The model must 

therefore be able to deal with risk and uncertainties.  

 

The rest of this section will describe the typical assumptions, such as 

macroeconomic and project-specific, and will then describe how to deal with the 

risk and uncertainties regarding the variables. 

 

Macroeconomic assumptions 

Any analysis or examination of capital projects must be based on the company's 

official view of the macroeconomic environment that it operates in (often called 

the "House View"). House Views typically provide projections on both local and 

international macroeconomic variables. As capital projects are very long-term in 

nature, it is important for these House Views to provide forecasts that cover such 

long periods.  

 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  LLiinnssttrröömm,,  LL    ((22000055))  



 76

[Tennent J et al (2001)] defines macroeconomics as the study of the economy as a 

whole that focuses on the interaction of large-scale, aggregated variables. They 

also describe how to accommodate the following commonly used variables in 

business models: 

i) Gross domestic product 

ii) Inflation 

iii) Interest rates 

iv) Exchange rates 

v) Population 

 

Gross domestic product (GDP) and Business Cycle 

 

A country's GDP is defined as the total value of goods produced and services 

provided in one year. The GDP growth rate is the rate of change in the GDP from 

one year to the next. 

 

The GDP growth rate has the following two important characteristics: 

i) GDP growth rates do not change dramatically from year to year and 

ii) The growth rates generally follow a cyclical pattern - known as the business 

cycle. 

 

There is a close correlation between the business cycle and other macroeconomic 

variables such as inflation, exchange rates and interest rates. As the business cycle 

is an indicator of economic prosperity, it can be used to derive estimates for other 

variables such as imports, exports and market demand. 

 

[Tennent J et al (2001)] presents and illustrates the use of a sine curve model for 

the forecasting of the business cycle. This approach takes the following 

characteristics into account: 

i) The average expected cycle length. 

ii) The present stage of the business cycle. 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  LLiinnssttrröömm,,  LL    ((22000055))  



 77

iii) The change over time of the underlying GDP growth rate. 

iv) The expected variations in the cycle from its lowest to its highest points. 

 

Since World War II to the end of 1999 the South African economy went through 

14 complete business cycles. The average cycle length over this period was 3 

years 9 months, with the shortest cycle being 1 year 10 months and the longest 7 

years 2 months. See Table 22. 

 

 

Table 22: Business cycle phases in South Africa since 1945 (source: South 
African Reserve Bank Quarterly Bulletin, March 2004)

Trend Start End
Up Down Total

Up Jan 1945 Jul 1946
Down Aug 1946 Apr 1947
Up May 1947 Nov 1948
Down Dec 1948 Feb 1950
Up Mar 1950 Dec 1951
Down Jan 1952 Mar 1953
Up Apr 1953 Apr 1955
Down May 1955 Sep 1956
Up Oct 1956 Jan 1958
Down Feb 1958 Mar 1959
Up Apr 1959 Apr 1960
Down May 1960 Aug 1961
Up Sep 1961 Apr 1965
Down May 1965 Dec 1965
Up Jan 1966 May 1967
Down Jun 1967 Dec 1967
Up Jan 1968 Dec 1970
Down Jan 1971 Aug 1972
Up Sep 1972 Aug 1974
Down Sep 1974 Dec 1977
Up Jan 1978 Aug 1981
Down Sep 1981 Mar 1983
Up Apr 1983 Jun 1984
Down Jul 1984 Mar 1986
Up Apr 1986 Feb 1989
Down Mar 1989 May 1993
Up Jun 1993 Nov 1996
Down Dec 1996 Aug 1999

Average = 26           20           45           

20 34

40 63

18 62

6 22

19 55

15 27

7 51

16 40

13 28

14 32

14 35

23

44

14

35

12

44

16

36

18

21

24

15

Cycle Length (months)

18 8 26

51 86

42 32 74
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Inflation 

 

It is useful to have forecasts for inflation in a capital budgeting model, as other 

important variables can be derived from inflation, such as forecasts for market 

size, exchange rates, prices and costs. 

 

Inflation is the rate at which the price of a defined basket of goods changes from 

one year to the next and is therefore an indication of the general price levels of 

goods and services. Indices have been developed to measure inflation, the most 

common index is the CPI, the consumer price index. There are however other 

industry of sector-specific indices that might be of more use to a company or to a 

specific project. 

 

There are many factors that determine a country's inflation rate. An important 

determinant is economic activity, which is indicated by the business cycle. 

[Tennent J et al (2001)] describes the relationship between economic activity and 

inflation as follows: 

 

i) As economic activity grows, general incomes increase which leads to 

higher demand for goods and services. When the demand for goods and 

services rises the prices are bid up (higher inflation) as the supply of 

goods and services is assumed to respond more slowly to the changes in 

demand. 

ii) A slowing down in economic activity will lead to lower increases in 

income, which will lead to lower demand for goods and services. As the 

supply of goods and services is assumed to respond more slowly to the 

changes in demand, the lower demand will result in excess supplies, which 

will have downward pressure on prices (lower inflation). 
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[Tennent J et al (2001)] presents and illustrates the use of a sine curve model for 

the forecasting of inflation. The following approach is presented: 

i) To assume a comparatively stable trend in inflation, with variations around 

this trend. 

ii) The variations around the trend are related to the peaks and troughs of the 

business cycle, which has already been modeled in the GDP-growth. 

iii) To accommodate the delay between changes in demand and changes in 

supply by introducing a lag parameter that will offset inflation from the 

business cycle. 

 

Interest rates 

 

An interest rate reflects the cost of borrowing money. 

 

In South Africa its central bank (the Reserve Bank) determines the base rate of 

interest, called the bank rate. Based on the bank rate and the cost of obtaining 

funds from their other sources (e.g. savings, investments and the money market), 

the banks then determine their rates of interest. The interest rate for a specific 

client or undertaking further depends on the bank's view of the risks involved and 

also the duration of the loan. 

 

The Reserve Bank often uses the interest rate as a tool for controlling inflation in 

the economy. When the Reserve Bank expects inflation to rise, it may raise the 

interest rate in an attempt to reduce demand, thus slowing down the upward trend 

in inflation. 

 

Forecasting interest rates will enable one to derive interest charges and certain 

incomes. 

 

[Tennent J et al (2001)] again suggests the use of a sine curve model for the 

forecasting of interest rates. As there is a delay between the change in the interest 
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rate and its effect on inflation, the interest rate can be offset against inflation. This 

offset can either be positive or negative, depending on whether the Reserve Bank 

acts in anticipation of or in reaction to changes in inflation. 

 

Exchange rates 

 

The exchange rate is the price at which two currencies exchange. 

 

Exchange rates are very important in the analysis of capital projects as many 

factors can be derived from the exchange rate. The prices of products and the cost 

of imported goods and materials are often denominated in a foreign currency and 

the feasibility of such projects will therefore depend on the rate at which the local 

currency exchange to the specific foreign currency. 

 

It is very difficult to forecast exchange rate movements as so many factors can 

determine the rates and also as some economies actively manage their exchange 

rates. 

 

[Tennent J et al (2001)] describes the purchasing power parity theory of exchange 

rates, which argues that "� exchange rates move to ensure that the relative 

purchasing power of one currency against another remains constant �". This 

theory therefore implies that the exchange rates will move in response to the     

"� differential movements in the inflation rates between the respective 

economies �".  
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When applied to the Rand/ Dollar (R/$)-exchange rate, the purchasing power 

parity theory can be expressed as follows: 

 

US
SAR

∆
∆=∆  

  where: 

<R = The ratio of the R/$-exchange rate in one period to the 
rate in the preceding period. If Rt indicates the 
exchange rate at period t then <R = Rt / Rt-1. 
 

<SA = The ratio of the South African inflation rate in one 
period to the rate in the preceding period. If SAt 
indicates the South African inflation rate at period t 
then <SA = SAt / SAt-1. 
 

<US = The ratio of the US inflation rate in one period to the 
rate in the preceding period. If USt indicates the US 
inflation rate at period t then <US = USt / USt-1. 

 

By applying this theory, the exchange rate in period t can therefore be expressed 

in terms of the exchange rate in the previous period (t-1) as follows: 
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Therefore by forecasting the inflation rates of two respective countries, one can 

use the above expression to derive the exchange rates that are consistent with the 

purchasing power parity theory. 

 

Population 

 

Population is simply the number of people in a country. A detailed demographic 

analysis can produce a forecast. 
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Population is an important parameter as it is an indication of market size. Often a 

product's target market is expressed as a certain section or portion of the 

population, in which case the population forecast can be used to derive the size of 

the target market. Also, with the population and GDP forecasts one can calculate 

GDP per head, which is a useful indicator of individual wealth, which in turn can 

be an indicator for the demand of certain products and services.  

 

Other Important Project Assumptions 

 

In addition to the macroeconomic assumptions, the company must identify, 

research and estimate all the other parameters that will affect the feasibility of the 

project. Typical parameters to consider are: 

• The cost of the capital items. 

• Installation costs. 

• Duration of installation. 

• Working capital requirements. 

• Incremental sales volumes. 

• Prices. 

• Cost Savings. 

• Incremental expenses in respect of research and development, 

administration, production, labour, marketing, distribution, etc. 

• Salvage values 

 

The projections of these parameters must be realistic and consistent. 

Interrelationships and interdependencies must be identified and incorporated in 

the model. 
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Dealing with uncertainties 

 

Given the long-term nature of capital projects, there will be a significant level of 

uncertainty regarding the values used for many of parameters.  

 

The first step in dealing with these uncertainties is to identify all the parameters 

where uncertainty exists. The next step is to get an indication of each parameter's 

impact, which is an indication of how significantly the parameter influences the 

measure used in the model (e.g. net present value). 

 

An efficient way to deal with such uncertainties is to identify and then to focus on 

those parameters with the highest degree of uncertainty and also the greatest 

impact on the business. [Tennent et al (2001)] suggests the use of the 

impact/uncertainty matrix, where all the parameters are categorized into four 

quadrants depending on whether the uncertainty and the impact are low or high. 

[Tennent et al (2001)] provides an example (see Table 23) of such a matrix as 

applied to the mobile business. 

  IMPACT 
  Low High 

H
ig

h 

Mobile browser 
technology 
Mobile encryption 
technology 
Billing costs 
E-commerce 
expenditure 
Speed of roll-out 
Billing system 
capabilities 

Web-based 
servicing 
Fixed/mobile 
substitution 
Device availability 
Infrastructure 
availability 
Billing system costs 
Partnerships and 
joint ventures 

Mobile-enabled machines 
Demand for video services 
Mobile video tariffs 
Number of competitors 
Type of competitors 
Advertising revenues 

M-commerce 
expenditure 
Churn 
License fees 
Health issues 
Market share 
Mobile wallet 
Device subsidies 
Mobile data tariffs 

U
N

C
E

R
T

A
IN

T
Y

 

L
ow

 

Population growth 
Demographic trends 
Gross domestic 
product 
Income distribution 
Fixed-line 
penetration 
Leisure time 
Supplier contract 
terms 
 

Content prices 
Internet penetration 
Customer to 
customer services 
agent ratio 
Cable penetration 
Broadband 
penetration 
Calling patterns 

Mobile penetration 
Interconnect rates 
Interconnect income rates 
Fixed-line prices 
Staff availability 
Land area 
Worker mobility 
Accounting policies 
Tax rates 
Import duties 
Currency movements 
Data application  

Regulatory environment 
Infrastructure costs 
Distribution channels 
Dealer commissions 
Capacity 
Roaming agreements 
Population density 
Price elasticity of 
demand 
Transaction commissions 

 
Table 23: Impact/uncertainty matrix for a mobile business 

[source: Tennent et al (2001)] 
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Uncertainty relates to the confidence the company has regarding the estimates of 

a parameter's future values. 

 

Impact relates to the extent to which the parameter influences the measure used in 

the model. One way to get an indication of the impact of parameters is to examine 

the sensitivity of the model's outcome to variations in the parameters. Through 

sensitivity analysis one can identify those variables where additional information 

is required. 

 

Depending on the size and significance of the project being analyzed, the 

impact/uncertainty matrix can be used as follows: 

 

i) High impact / high uncertainty: Gather all internal and external 

information and intelligence available. Derive own estimates of how 

the variables will behave in future. Test these estimates with 

independent experts, if available. 

 

ii) High impact / low uncertainty: Gather all internal and external 

information and intelligence available. Derive own estimates of how 

the variables will behave in future. 

 

iii) Low impact / high uncertainty: Gather all internal and external 

information and intelligence available. Derive own estimates of how 

the variables will behave in future. 

 

iv) Low impact / low uncertainty: Formulate best estimates of future 

behaviour. 

 

If there is uncertainty regarding the value of a certain parameter, the best one can 

do is to estimate what the eventual value of the parameter will be. Being 

uncertain, the eventual value will probably lie in a certain range of values, with 
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some values being more likely than others. In statistics, such an estimate is known 

as a random variable, which can best be described by means of a statistical 

probability distribution. 

 

As described in section 2.4.5, the following three probability distributions can 

cater for most types of uncertainties: uniform distribution, normal distribution and 

the triangular distribution. Should the need arise to introduce any other 

distribution, the model can be modified to accommodate such other distributions.  
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3.4 Economic feasibility of projects 
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3.8 Constraints 
3.9 The optimal solution 

3.10 Portfolio management 

Economic feasibility of projects 
 

The objectives of this section are as follows: 
• To explain why NPV was chosen as the decision 

criterion for economic feasibility. 
• To explain how the model deals with existing 

projects. 
• To describe what cash flows must be discounted 

in the calculation of the NPV. 
 

 

3.4.1 Net present value (NPV) as the decision criterion 

 

Having considered the merits of the various decision criteria in section 2.3, it 

was decided to use net present value (NPV) as the decision criterion for 

economic feasibility in the model. As explained in section 2.3.5, a project's 

NPV is an indication of the economic value that a project adds in present day 

terms. Also, the sum of the NPV's of a portfolio of projects is an indication of 

the economic value that the portfolio will add to the company, expressed in 

present day terms. 

 

The discount rate in the NPV-calculation is usually equal to the sum of the 

risk-free rate, a profit margin and a risk margin that reflects the risks inherent 

in the project.  

 

This model however determines the project and the portfolio risks explicitly 

through Monte Carlo simulation. As explained in section 2.4.5, it is not 

necessary to include a risk margin in the discount rate when the risks are 

determined explicitly. The discount rate used in this model is therefore equal 

to the risk-free rate plus a profit margin that can be the same for all the 

projects. 
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There is however still one short-coming of the NPV-method, namely the fact 

that the method of calculation implicitly assumes that all cash flows can be 

reinvested at a rate equal to the discount rate. There is a way of dealing with 

this and it can be considered in cases where the future reinvestment rates are 

markedly different form the discount rate. Instead of discounting the 

projected net cash flows at the discount rate, one firstly calculate a net future 

value by accumulating the cash flows at the future reinvestment rates (which 

differs from the discount rate) and then one determines an adjusted NPV by 

discounting this net future value at the discount rate. 

 

3.4.2 The NPV of an existing project 

 

The NPV-formula in section 2.3.5 usually applies to new projects. Since the 

model considers both new and existing projects, it is important to decide how 

to treat existing projects. 

 

For an existing project, the model must indicate either whether to continue 

with the project or whether to terminate the project. It is therefore necessary 

to calculate both a continuation value and a termination value. Some 

companies also consider a "slow-down" option for existing projects. The 

2003 annual report of Anglo Platinum for example reported on a thorough 

review of its project suite and the resultant decisions to slow down the 

implementation of a number of mining projects by between one and three 

years. If there are projects that can be slowed down, the model will require a 

"slow-down" value in addition to the continuation and the termination values. 

 

The continuation value is simply the present value of the outstanding cash 

flows and the termination value is the value of all the net proceeds that can be 

raised on the termination of the project. The termination proceeds will be the 

net amount realized or incurred from the decision to terminate the project. It 

will include items such as: 
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i) Sale proceeds. 

ii) If not sold, the value to the company of using the asset (whether plant 

or property) for other purposes (e.g. standby or other uses). 

iii) The costs involved in canceling any contracts that are dependent on 

the continuation of the project. 

iv) Labor costs. 

v) Administration costs. 

 

It is important to note that the project history is not taken into account when 

calculating the continuation value of an existing project. What happened in 

the past cannot be reversed and should therefore not impact the selection of 

the projects for the portfolio, as it is done on a "forward-looking" basis. 

 

When one considers a project on its own, one would opt for termination of a 

project if its termination value exceeds the continuation value. In a portfolio 

context however, this is not necessarily the case. With constraints on capital 

availability and with the presence of other very attractive opportunities, the 

optimization model might terminate a project (whose continuation value 

exceeds its termination value) in order to release the capital that will enable 

the company to commence such other opportunities.  

 

3.4.3 What cash flows to discount 

 

In order to find the capital project portfolio that will maximize the value of 

the portfolio, the model requires the net cash flows for each of the new 

project candidates, the current projects and all those projects that can replace 

others as alternatives. 

 

[Brealy et al, 1996] suggests the following three rules to apply when 

considering what cash flow items to include: 
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i) Only cash flow is relevant. Actual cash flows must be shown only 

when they are expected to occur. It is important not to confuse the 

determination of actual cash flows with accounting policies such as 

showing profit when earned as supposed to when the bills are actually 

paid. All non-cash items such as depreciation must be identified but 

must not be included. 

ii) Always state cash flows on an after-tax basis. Some companies do not 

deduct tax and then offset this by discounting the before-tax cash 

flows using a higher discount rate. Even though it appears to be a 

simple approach, it can lead to wrong conclusions as different cash 

flows can have different impacts on taxation, e.g. [Johnson H, 1999]: 

• Some cash flows have no impact on tax; 

• Some are fully or partially taxable; 

• Some are fully or partially tax-deductible. 

The more accurate approach is therefore to analyze each cash flow in 

order to establish the correct tax treatment. 

iii) Always estimate cash flows on an incremental basis. A very important 

principle in capital budgeting is the relevance of incremental cash 

flows. In order to reflect the impact that each project will have on the 

company, only the incremental cash flows, that show the net impact 

of each project on the overall cash flow stream of the company, are 

important. The term differential is also used in this context. An easy 

way to determine cash flows according to this principle is to assess 

the cash flows by comparing the overall cash flows on an "project-

included" and "project-excluded" basis. 

 

[Johnson H, 1999] suggests further that the cash flows must be aggregated to 

arrive at net annual cash flows. For each project one would then have the 

following cash flows: 

• Cash flows at the time of acquisition (usually time zero); 

• Annual cash flows for each year of the project's useful life; 
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• A final annual cash flow (including disposal-related cash flows) in the 

last year of the project's useful life. 

 

The model must also accommodate projects that will not necessarily start at 

time zero. The company might be aware of a project that can only feasibly 

start at some future point in time and that will only require capital at that 

point. By including such projects as candidates, the model can take their 

impact on the portfolio into account. From a portfolio point of view, it might 

then be more attractive to exclude certain projects that can start right away in 

favour of a project that can only start at the future point in time.  

 

The following cash flow components must be considered for each project: 

• Cost 
• Installation 
• Working Capital 
• Revenues 
• Cost Savings 
• Incremental Expenses 
• Depreciation Tax Shield 
• Salvage Value 

[Johnson H, 1999] presented these items, their typical timings and the after-

tax calculations as set out in Table 24. 
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TYPE TYPICAL 
TIMING 

AFTER-TAX CASH 
FLOW 

Cost:   
Purchased (C) 0 -C 
Transferred (OC) 0 -OC 

   
Installation (INST) 0 -INST 
   
Working Capital Changes (WC):   

Increase 0 -WC 
Increase-reversal N WC 
Decrease 0 WC 
Decrease-reversal N -WC 

   
Revenue (REV) 1 through n REV(1-t) 
   
Cost Savings (CS) 1 through n CS(1-t) 
   
Incremental Expense (EXP) 1 through n EXP(1-t) 
   
Depreciation Tax Shield (DTSn) 1 through n (Dept)(t) 
   
Salvage Value:   

New Project (SVn) N SVn + (BVn - SVn)(t) 
Existing Project (SVE) Varies -SVE + (BVE - SVE)(t) 

   
Sale of existing project (MVE) 0 MVE + (BVE - MVE)(t) 
   

Table 24: Capital Project Cash Flow Components 
 

Cost 

The first component in Table 24 is cost, which effectively represents the 

capital required for the project. Cost is usually incurred at the start of the 

project (at time zero), but is often staggered over the installation or 

construction period. At the time of acquisition there is no tax liability. The 

depreciation on the cost will have an impact on tax, as the depreciation 

amount reduces the company's tax liability over the depreciation period. 

Table 24 also makes a further distinction between purchased and 

transferred costs. Purchased cost refers to capital items that must be 

acquired from elsewhere, whereas transferred cost refers to capital items 

transferred to the project from inside the company. Such a transferred item 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  LLiinnssttrröömm,,  LL    ((22000055))  



 92

has an opportunity cost (OC in Table 24), which is the cash that the item 

could have generated if it was sold or put to some other use in the 

company. [Johnson H, 1999] describes the opportunity cost of transferred 

equipment as "its value in the next best application". 

 

Installation 

It is normal practice to include the cost of installing the capital equipment 

in the capital amount that will then be depreciated over the same period as 

the purchase price of the equipment. The tax treatment of the installation 

cost is therefore similar to the actual cost of the equipment.  

 

Working Capital 

Working Capital is the difference between a company's short-term assets 

and liabilities. It is important to reflect the net impact that projects will 

have on cash flows related to such matters as accounts receivable and 

payable and inventories of raw material and finished goods. In order to 

estimate the impact of a project on working capital requirements, it is 

useful to analyze the "with or without the project" scenarios. Project 

analyses usually treat changes to net working capital as having 100% 

salvage values at the end of the project's life (as indicated in Table 24). As 

with cost and installation, there is no tax-impact associated with changes 

in net working capital.  

 

Revenue 

It is important to include revenue on an incremental basis (i.e. show 

increased revenue that will result from the project). Also, revenue will 

always be taxable, hence the net revenue of REV(1-t) in Table 24, where t 

is the applicable tax rate. 
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Cost Savings 

Often capital projects result in higher productivity and efficiency that 

result in lower costs. Lower costs will result in higher profits and since 

profits are taxable, the cost savings must also be adjusted for tax, as shown 

in Table 24. 

 

Incremental Expense 

Capital projects often require additional expenses such as maintenance and 

labour. Since expenses are generally tax-deductible, the incremental 

expenses required for a capital project must also be adjusted for tax, as 

shown in Table 24. The impact of inflation must be incorporated in the 

projected values. Note that expense items can escalate at different rates. 

 

Depreciation Tax Shield 

Even though depreciation is a non-cash expense, it does reduce the taxable 

income and therefore adds to the project's net cash flow to the amount of 

(Dep)(t) (where "Dep" is the depreciation charge and t the tax rate), as 

shown in Table 24. 

 

Salvage Value 

The Salvage Value (SV) is the realizable value of plant and equipment 

once it has been completely used (i.e. the scrap value). If the Salvage 

Value (SV) exceeds the Book Value (BV) at that time, then there will be a 

tax liability of (SV-BV)(t). If the Book Value exceeds the Salvage Value 

the loss that will reduce the taxable gain that will result in a net taxable 

gain of (BV-SV)(t). 

 

Consequential Benefits 

Often the value of certain projects lies in their consequential benefits, that 

are the possibilities and opportunities that they create, which would 

otherwise not have been there had the projects not taken place. Given the 
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long-term nature of capital projects, it is with a high degree of uncertainty 

that one would attempt to quantify the value of such benefits. As a result, 

companies usually opt for the conservative approach of ignoring these 

benefits. If it is possible to estimate the value of such consequential 

benefits, then such a value could be included in the project's final cash 

flow.  
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3.5 The multiple objective function 
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The multiple objective function 
 

The objectives of this section are to formulate and 
illustrate a measure that takes all the important 
objectives of the company into account for use as the 
objective function in the optimization program. 

 

Background 

In investment management, the objective is usually to maximize the future 

value of the assets in the portfolio, subject to certain rules and conditions. 

The same principle can be applied to a portfolio of capital projects, where the 

objective is the selection of the portfolio of projects that will maximize the 

value to the company. 

  

In capital budgeting "value" is usually expressed in financial terms through 

the chosen decision criterion (e.g. payback period, net present value or 

internal rate of return). The fact that these decision criteria only express 

financial benefits, is a serious shortcoming. Companies also aim to achieve 

objectives other than just the financial rewards. These other objectives might 

be difficult to quantify, but their importance and value to the company are 

undoubtedly important.  

 

It is proposed to develop an optimization model with a Multiple Objective 

Function (MOF) that maximizes the value in terms of the MOF, subject to 

all the constraints and other requirements. 
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A company's MOF is developed by: 

• Identifying the multiple objectives. 

• Attaching weights to the multiple objectives. 

• Scoring all the existing and new projects per objective. 

• Calculating each project's multiple objective score. 

• Formulating the multiple objective function. 

 

STEP 1: IDENTIFYING THE MULTIPLE OBJECTIVES 

 

In addition to the very important objective of economics, companies also 

have other very important objectives such as: customer satisfaction, 

employee morale; health and safety; social responsibility; reputation in the 

market place; supplier relationships; service enhancement; environmental 

compliance; brand value; globalization; productivity; political relations and 

product quality. The company must identify the most important objectives as 

they relate to the choice of the company's capital projects. Most companies 

should be able to identify not more than say seven such key objectives.  

 

To illustrate the use of multiple objectives, refer to the company Freesia 

Industries (see section 2.5.3) that identified the following five objectives as 

very important in respect of capital projects:  

• economic feasibility 

• health and safety 

• customer satisfaction 

• reputation in the market 

• social responsibility. 
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STEP 2: ATTACHING WEIGHTS TO THE MULTIPLE OBJECTIVES 
 

One can use the pairwise comparison procedure of the AHP (see Table 18) to 

determine the objectives' relative importance. The outcome of these pairwise 

comparisons will be the weights for the objectives: 

  

Objective weights: ω1, ω2, ω3, � ωn , such that 1
1

=∑
=

n

j
jω , 

where n = number of objectives. 

 

The weights of the five objectives for Freesia Industries are shown in Table 

25. 

 

Objective Weight
Economic feasibility 60%
Health and safety 20%
Customer satisfaction 10%
Reputation in the market 6%
Social responsibility 4%

 

Table 25: Weights in terms of importance of the objectives  
for Freesia Industries 

 

 

These weights are indicators of relative importance in terms of value to the 

company. One way to interpret the weights is to say that "economic 

feasibility" is three times as important as "health and safety", which again is 

twice as important as "customer satisfaction" in respect of capital budgeting. 
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STEP 3: SCORING OF PROJECTS PER EACH OBJECTIVE 
 

Once the relative importance of the multiple objectives have been 

determined, the next step will be to score each of the projects on each of the 

objectives, such that: 

sij = score of project i i.r.o. objective j, 
where: 

i = 1,2,�, m   - the number of projects  
j = 1,2,�,n   - the number of objectives 

and 1
1

=∑
=

m

i
ijs  

 

Table 20 illustrates how the scoring for the projects can be done when it is 

possible to determine a tangible value for each project in respect of a specific 

objective (e.g. NPV in respect of "economic feasibility"). 

 

When the objectives are intangible, it becomes more difficult to score the 

projects. The pairwise comparison method of the AHP can be used for this 

purpose (see Table 26 for the derivation of the project scores for the projects 

in the Freesia Industries illustration, in respect of "reputation in the market"). 
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Table 26: Pairwise comparison derivation (using a spreadsheet) of the 
project scores for Freesia Industries in respect of "reputation in market" 
 

The pairwise comparison method produces consistent answers, but a criticism 

is that the exercise can quickly become cumbersome as the number of 

projects increases. 

 

An alternative way of dealing with many projects is to rate each project on a 

comparative scale in terms of each objective and to weigh the results as was 

done in Table 20 for the tangible NPV. Table 27 illustrates how this was done 

for the "reputation in market" - objective. 

 

 

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

A B C D E F G H I
AHP Work Sheet

Level 1 TOPIC Reputation in market
Level 2 FACTORS Project A Project B Project C Project D Project E Project F

Size of Criteria Matrix = 6

Factors Matrix

Reputation in market Project A Project B Project C Project D Project E Project F
Project A 1.00 6.00 2.00 4.00 6.00 5.00
Project B 0.17 1.00 0.33 0.67 1.00 1.00
Project C 0.50 3.00 1.00 1.50 3.50 3.50
Project D 0.25 1.50 0.67 1.00 1.50 1.40
Project E 0.17 1.00 0.29 0.67 1.00 1.00
Project F 0.20 1.00 0.29 0.71 1.00 1.00

2.28 13.50 4.57 8.55 14.00 12.90

Normalized Factors Matrix Project A Project B Project C Project D Project E Project F
Priority 
Vector

Project A 0.44             0.44           0.44        0.47          0.43          0.39          43%
Project B 0.07            0.07         0.07      0.08        0.07        0.08         7%
Project C 0.22            0.22         0.22      0.18        0.25        0.27         23%
Project D 0.11             0.11           0.15        0.12          0.11          0.11          12%
Project E 0.07            0.07         0.06      0.08        0.07        0.08         7%
Project F 0.09            0.07         0.06      0.08        0.07        0.08         8%

1.00             1.00           1.00        1.00          1.00          1.00          1.00         

Consistency Check
0.43             0.45           0.45        0.47          0.44          0.38          2.62         6.03                 
0.07             0.07           0.08        0.08          0.07          0.08          0.45         6.02                 
0.22             0.22           0.23        0.17          0.25          0.27          1.36         6.02                 
0.11             0.11           0.15        0.12          0.11          0.11          0.70         6.04                 
0.07             0.07           0.06        0.08          0.07          0.08          0.44         6.02                 
0.09             0.07           0.06        0.08          0.07          0.08          0.46         6.02                 

lambda max = 6.02               
Consistency Index = 1.25%
Consistency Ratio = 1.0%

Consistency Result = Good
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Table 27: Determination of project scores with a  

comparative rating method. 
 

Although not exactly the same, the project scores derived from Table 27 

(where only 6 ratings were required) are very similar to the results of the 

pairwise comparison in Table 26 (where 15 pairwise comparisons had to be 

done). If a company had to consider 30 projects, then the comparative rating 

method will require 30 ratings, whereas the pairwise comparison approach 

will require 435 comparisons per objective! 
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STEP 4: CALCULATING EACH PROJECT'S MULTIPLE OBJECTIVE 
SCORE 

 

A project's multiple objective score is its weighted average score where the 

score for each objective is weighed by the objective's weight. 

∑
=

=
n

j
ijji sS

1

ω  

 where: 

Si = The multiple objective score of project i. 

ζ j = The relative importance weight for objective j. 

sij = Score of project i in respect of objective j. 

n = Number of objectives. 

 

Table 21 illustrates how the multiple objective score for each of the Freesia 

Industries projects is calculated as: 

Project Multiple objective score 

A 22.32 

B 16.34 

C 19.37 

D 15.03 

E 12.76 

F 14.19 

 

The above scores must be interpreted as relative indicators of value to the 

company. There is no unit for these scores, except that they indicate relative 

value in terms of the company's multiple objectives. One could for example 

state that Project A is 75% more "valuable" than Project E in terms of the 

company's multiple objectives, calculated as follows: 

%92.741
76.12
32.221 =






 −=








−

BrojectPScore
ArojectPScore
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STEP 5: FORMULATING MOF, THE MULTIPLE OBJECTIVE 

FUNCTION 
 

A company's multiple objective function can be formulated as follows: 

∑
=

=
m

i
ii xSMOF

1
 

where: 

MOF = The company's multiple objective function for its 
portfolio of capital projects. 
 

Si = The multiple objective score for project i. 
 

xi = The decision variable for project i, such that xi = 1 
means that the project is selected for the portfolio 
and xi = 0 means that the project is not selected. 
 

m = Number of projects. 

 

The MOF will be the objective function of the optimization program, such 

that the optimal portfolio of projects is the one that maximizes the value of 

the MOF. 

 

In the case of Freesia Industries, the MOF can be written as follows: 

MOF = 22.32xA +16.34xB + 19.37xC + 15.03xD + 12.76xE + 14.19xF 
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3.6 Risk analysis of projects 

 
3.1 Portfolio theory and capital projects 
3.2 An integrated optimization model 
3.3 Assumptions in the model 
3.4 Economic feasibility of projects 
3.5 The multiple objective function  
3.6 Risk analysis of projects 
3.7 Risk analysis of the portfolio of projects 
3.8 Constraints 
3.9 The optimal solution 

3.10 Portfolio management 

Risk analysis of projects 
 

The objectives of this section are to define project 
risk, to explain how to calculate a project�s risk and to 
introduce the concept of a project risk threshold. 

 

Risk in respect of capital projects is defined as the probability that the project will 

make a loss.  

 

The model uses the net present value (NPV) as the decision criterion for 

economic feasibility with a discount rate equal to the risk-free rate plus a profit 

margin. The discount rate for NPV often includes a risk margin, but it was 

decided not to follow that route and to rather determine the project's risk explicitly 

with Monte Carlo simulation. By following this procedure, "risk" therefore 

translates to the probability of a negative NPV. In section 2.4.5 the project risk for 

the Electric Scooter project was calculated as 28% (see Figure 12). In other words 

there is a probability of 28% that the Electric Scooter project will make a loss. 

 

The company should specify its own risk threshold, which can be expressed as a 

maximum acceptable project risk. In its screening of new projects, the company 

can then determine each project's risk and can decline all those projects where the 

risk exceeds the risk threshold. For example, if the company's project risk 

threshold were 20%, it would decline the Electric Scooter project that has a 

project risk of 28%. 
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Various factors will determine a company's attitude towards risk. Such factors 

include: 

• Financial capacity: The bigger the company's financial capacity the more able 

it is to absorb the risks inherent in the more risky projects. 

• Track record: If the company has a successful track record with similar 

projects, it might be more able to manage inherent risks. 

• Expertise: The higher the company's level of expertise (both technical and 

managerial), the higher the company's ability to manage project risks. 

• Industry: Attitudes towards risk might vary from one industry to another.  

• Capital requirement: The amount of capital that has to be committed to the 

project can also influence the company's attitude towards risk. The more 

capital required, the more cautious companies tend to be. 

• Pay-off: The level of potential project pay-off might also influence the 

company's stance on risk-taking. Some pay-off might just be so attractive that 

the company is willing to compromise on its attitude towards risk. 

 

The additional information provided by the project risk analysis, is very useful 

in the decision-making process. For example, a company with a risk threshold 

of 10% might be in a position to select between projects A and B: 

 

 Project A Project B 

Expected NPV R9.46m R13.67m
Standard Deviation R7m R12m

Risk (Probability of a 
negative NPV)

9% 13%
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Figure 16: Probability distributions of the NPV's of projects A and B 

 

Even though the expected NPV of Project B (R13.67m) is significantly 

higher than Project A (R9.46m), it has a higher probability (13% as 

supposed to 9%) of not yielding the returns that are demanded by the 

investors. According to the company's risk threshold of 10%, it should 

select Project A, but given the above results, the company might 

reconsider. 
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PROJECT B
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RISK B  = 13%
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3.7  Risk analysis of the portfolio of projects 

 
3.1 Portfolio theory and capital projects 
3.2 An integrated optimization model 
3.3 Assumptions in the model 
3.4 Economic feasibility of projects 
3.5 The multiple objective function  
3.6 Risk analysis of projects 
3.7 Risk analysis of the portfolio of projects 
3.8 Constraints 
3.9 The optimal solution 

3.10 Portfolio management 

Risk analysis of the  
portfolio of projects 

 
The objective of this section is to propose two 
methods whereby one can calculate the risk of the 
portfolio of projects. 

 

In order to select an optimal portfolio of projects, one must be able to calculate 

the risk for the portfolio as a whole, as it is important for the company to ensure 

that the overall portfolio risk lies within acceptable limits. Similar to the 

definition of project risk, the portfolio risk can be defined as the probability of a 

negative NPV of the portfolio of projects. 

 

Diversification in a portfolio 

 

A diversified portfolio of capital projects is one that is made up of individual 

projects whose performances will vary under different circumstances. In certain 

circumstances, some projects will yield excellent returns while others might be 

struggling. In a diversified portfolio it therefore often happens that the excellent 

performance by some projects is often offset by the poorer performance of others 

and vice versa. 

 

While the return on the portfolio will be equal to the weighted average return of 

the projects in the portfolio, the standard deviation of the portfolio will be less 

than the weighted average standard deviation of the projects in the portfolio. 

Brealy et al states that "� even a little diversification can provide a substantial 

reduction in variability �" and then illustrates the effect of diversification on the 

portfolio standard deviation as in Figure 17. 
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Figure 17: Diversification reduces risk rapidly 

at first, then more slowly (Brealy et al) 
 

The portfolio risk consists of the following two components (shown in Figure 18): 

• Unique risk is that component of the portfolio risk that can be eliminated 

by diversification and it stems from the unique circumstances of the 

company. 

• Market risk represents those risks that cannot be eliminated by 

diversification and stems from the many risks that companies face (e.g. 

economic, political, etc.). 
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Figure 18: Diversification can reduce 
unique risk but cannot eliminate market risk. 

(Brealy et al) 
 

Calculating Portfolio Risk 

 

The formula below is based on the way that Brealy et al calculates the variance of 

a portfolio of securities: 

∑∑
= =

=
N

i

N

j
jiijji xxVariancePortfolio

1 1

σσρ  

where: 

N = The number of projects in the portfolio 
 

xi, xj = The proportion of the portfolio NPV represented by NPV's 
of the projects i and j, where i, j = 1, 2, 3, �, N. 
 

ρij = Correlation coefficient between projects i and j. 
 

σi , σj = The standard deviations of projects i and j. 
 

 

Number of projects in portfolio

Po
rt

fo
lio

 S
ta

nd
ar

d 
De

vi
at

io
n

Unique risk

Market risk

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  LLiinnssttrröömm,,  LL    ((22000055))  



 109

The correlation coefficient between two variables is a description of the 

relationship between the two variables. The correlation coefficient has the 

following two important aspects: 

• Its sign (positive or negative) indicates the direction of the relationship. A 

positive sign indicates a direct relationship, in which case both variables tend 

to move in the same direction as circumstances change. A negative sign 

indicates an inverse relationship, in which case the variables tend to move in  

opposite directions as circumstances change. 

• The absolute value of the correlation coefficient indicates the extent of the 

relationship (the higher the absolute value, the stronger the relationship). 

 

When applying the portfolio variance formula to a portfolio that consists of only 

three projects, the portfolio variance will be equal to the sum of the expressions in 

the nine boxes below. 

 

 Project 1 Project 2 Project 3 
Project 1 x1

2σ1
2 x1x2ρ12σ1σ2 x1x3ρ13σ1σ3 

Project 2 x1x2ρ12σ1σ2 x2
2σ2

2 x2x3ρ23σ2σ3 
Project 3 x1x3ρ13σ1σ3 x2x3ρ23σ2σ3 x3

2σ3
2 

 

In investment portfolio management the correlation coefficients between the 

different investments are derived from historic price movements. In a portfolio of 

capital projects one does not have a performance history of the various projects, 

but rather models that project future cash flows. It is suggested that one use the 

Monte Carlo simulation technique in order to calculate the correlation coefficients 

required by the portfolio variance formula. However in order to determine the 

correlation coefficients, it is necessary to simulate all the projects in the same 

simulation, thereby effectively creating a large number of different scenarios of 

the future. This enables one to examine the outcome of each project under 

different scenarios and to calculate the correlation between the projects.  
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The output of the Monte Carlo simulation will be the project results obtained from 

the simulated future environments. It is then easy to calculate the following 

values: 

• The expected future value for each project. 

• The standard deviation for each project. 

• The correlation coefficient for each pair of projects. 

 

Given these values one can apply the portfolio variance formula to calculate the 

portfolio variance. One now has the portfolio's expected value and its variance. 

The portfolio risk will be determined by calculating the probability that the 

portfolio's NPV will be negative. 

 

Calculating the portfolio risk using the normal distribution 

One approach is to assume that the portfolio's NPV has a normal distribution with 

the following parameters: 

λ = the expected total NPV of the portfolio. 

ρ = the standard deviation of the portfolio's NPV. 

By applying the cumulative distribution formula of the normal distribution, it is 

then easy to determine the portfolio risk as the probability that the NPV will be 

negative. By using the normal distribution formula, one can structure the model in 

such a way that the risk of the selected portfolio does not exceed a specific level.  

 

Calculating portfolio risk if the normal distribution is inappropriate 

By performing a Monte Carlo simulation on the selected portfolio, the results can 

be presented in a histogram and one can then judge whether or not the shape of 

the distribution reflects the normal distribution. If it is clear that the normal 

distribution is the wrong assumption, then one can use the results of the Monte 

Carlo simulation to estimate the portfolio risk as follows: 

runsCarloMonteofnumberTotal
outcomesCarloMontenegatveofNumberriskPortfolio =  
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One can structure the model in such a way that the selection of projects is such 

that the portfolio risk does not exceed a defined limit that represents the 

company's attitude towards risk-taking. 
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3.8 Constraints 

 
3.1 Portfolio theory and capital projects 
3.2 An integrated optimization model 
3.3 Assumptions in the model 
3.4 Economic feasibility of projects 
3.5 The multiple objective function  
3.6 Risk analysis of projects 
3.7 Risk analysis of the portfolio of projects 
3.8 Constraints 
3.9 The optimal solution 

3.10 Portfolio management 

Constraints 
 

The objectives of this section are: 
• to describe the main constraints for the model and 
• to illustrate how to allow for special relationships 

amongst projects. 

 

It is important that the model's solution is realistic and that the company is in fact 

able to implement the model�s recommendations. It is for this reason that the 

correct formulation of the constraints and project interrelationships in the model is 

imperative. This is where the environment within which the portfolio must 

perform and all the rules that the portfolio must adhere to, are defined.  

 

Constraints 

 

Hence the needs to carefully specify the constraints in terms of the various 

factors of production, such as materials, floor space, machine times and labour. 

One of the most important constraints in capital budgeting is capital availability, 

which must be stated for each year. One can extend the model to incorporate 

constraints on certain critical factors of production such as: 

• the availability of raw materials; 

• production limits of machinery and plants; 

• limitations on access to skilled labour; 

• limited storage space; 

• distribution constraints, etc. 

 

Therefore, when two or more projects compete for the same resources, the 

model will not select projects whose collective demand for certain resources 

exceed the availability of such resources. 
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Special Project Interrelationships 

 

There are always a number of conditions and relationships between projects that 

must apply and that must therefore be considered in the composition of the capital 

project portfolio. It is important to identify all such conditions and 

interrelationships and to clearly specify them as constraints in the model. 

Herewith a number of typical relationships (most described by [Wilkes et al 

(1978)]).  

 

One, but not both: 

For the two projects j and k with the decision variables xj and xk (where xj and 

xk = 0 or 1), the following relationship will ensure that one, but not both will 

be included in the portfolio: 

xj + xk = 1 

The table shows all the allowable combinations and the interpretations of this 

constraint: 

xj xk Interpretation 
1 0 Project j to be included, but not project k. 
0 1 Project k to be included, but not project j. 

 

One or neither, but not both: 

For the two projects j and k with the decision variables xj and xk (where xj and 

xk = 0 or 1), the following relationship will ensure that one or neither of the 

two projects, but not both will be included in the portfolio: 

xj + xk ≤ 1 

The table shows all the allowable combinations and the interpretations of this 

constraint: 

xj xk Interpretation 
0 0 Neither of projects j or k to be included. 
1 0 Project j to be included, but not project k. 
0 1 Project k to be included, but not project j. 
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Project k only if project j is included: 

For the two projects j and k with the decision variables xj and xk (where xj and 

xk = 0 or 1), the following relationship will ensure that project k will only be 

considered for inclusion if project j has been included in the portfolio: 

xj - xk ≥ 0 

The table shows all the allowable combinations and the interpretations of this 

constraint: 

xj xk Interpretation 
0 0 Neither of projects j or k to be included. 
1 0 Project j to be included, but not project k. 
1 1 Project j to be included, and also project k. 

 

In other words, project k cannot be included (xk =1) when project j is 

excluded (xj = 0), as it will violate the constraint. 

 

One of or both: 

For the two projects j and k with the decision variables xj and xk (where xj and 

xk = 0 or 1), the following relationship will ensure that either at least one of 

the projects or both will be included in the portfolio: 

xj + xk ≥ 1 

The table shows all the allowable combinations and the interpretations of this 

constraint: 

xj xk Interpretation 
1 0 Project j to be included, but not project k. 
0 1 Project k to be included, but not project j. 
1 1 Project j to be included, and also project k. 
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Both or neither: 

For the two projects j and k with the decision variables xj and xk (where xj and 

xk = 0 or 1), the following relationship will ensure that either both or neither 

of the two projects will be included in the portfolio: 

xj = xk 

The table shows all the allowable combinations and the interpretations of this 

constraint: 

xj xk Interpretation 
0 0 Both projects j and k not included. 
1 1 Both projects j and k included. 

 

Any two of three projects: 

For the three projects j, k and l, with the decision variables xj, xk and xl (where 

xj, xk and xl = 0 or 1), the following relationship will ensure that any two of 

the projects will be included in the portfolio: 

xj + xk + xl = 2 

The table shows all the allowable combinations and the interpretations of this 

constraint: 

Xj xk x1 Interpretation 
1 1 0 The two projects j and k included, but l excluded. 
1 0 1 The two projects j and l included, but k excluded. 
0 1 1 The two projects k and l included, but j excluded. 

 

 

Limit on the number of projects: 

The following constraint will ensure that the number of projects (selected 

from m possible candidates) will not exceed a specified limit, n: 

∑
=

≤
m

j
j nx

1
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3.9 The optimal solution 

 
3.1 Portfolio theory and capital projects 
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3.3 Assumptions in the model 
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3.5 The multiple objective function  
3.6 Risk analysis of projects 
3.7 Risk analysis of the portfolio of projects 
3.8 Constraints 
3.9 The optimal solution 

3.10 Portfolio management 

The optimal solution 
 

The objective of this section is to give a brief 
description of the optimization software used in the 
model. 

 

It was decided to use the What'sBest optimization software (developed by Lindo 

Systems, Inc.). This software can be installed as an Add-in in an Excel 

spreadsheet. In this way, the Excel becomes a solver capable of performing linear, 

integer and nonlinear optimization on the most difficult problems. The fact that 

What'sBest was used for this dissertation does not imply that it is the best 

optimization software program, as there are other available, such as Excel's own 

Solver.  

 

In What'sBest it is very easy to set up the following components of the model: 

• The model's decision variables are set up as the "adjustable cells", as these are 

the cells that What'sBest can adjust in its search for the optimal solution. One 

can restrict certain cells to being integers. 

• The model's objective function is denoted the "Best" cell. In the capital project 

model, this cell will contain the multiple objective function (MOF) which 

must be maximized. 

• The third component is the model's constraints. 

 

Once the model is set up, What'sBest very quickly provides the optimal solution. 

It also produces a detailed report with the solver statistics. 
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3.10 Portfolio management 

 
3.1 Portfolio theory and capital projects 
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3.7 Risk analysis of the portfolio of projects 
3.8 Constraints 
3.9 The optimal solution 

3.10 Portfolio management 

Portfolio management 
 

The objective of this section is to describe the role of 
the model in the management of the company's 
portfolio of capital projects. 

 

Once the optimal solution has been implemented, it requires management on a 

continual basis in order to remain optimal. If the model is maintained, it can be re-

run in order to indicate whether changes to the portfolio are necessary in events 

such as: 

• changes to the company's strategy; 

• changes in the economy; 

• changes in the industry; 

• changes in legislation; 

• the identification of new opportunities; 

• changes regarding the level of uncertainty regarding certain assumptions; 

• project outcomes that might differ from the original projections; 

• changes in any of the constraints. 

 

By using the model in this way, the company will benefit from the quick 

processing of the new information in an integrated business model.  
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 C H A P T E R   4 
 

APPLICATION OF  

THE PORTFOLIO APPROACH TO CAPITAL 

PROJECT MANAGEMENT 

 

4.1 Background and objective 

 

The objective of this chapter is to illustrate the application of the approach as 

described in the previous chapter, to a hypothetical case. Figure 19 highlights this 

objective in relation to the overall approach for the dissertation. 

 

Figure 19: The objective of chapter 4 in relation to 
the overall approach for the dissertation.  

 

Freesia Industries is the hypothetical company in this application. The company's 

products are priced in US$ and some capital costs and expenses are also US$-

based, whereas others are Rand-based. The company currently manages nine 

capital projects and has identified a further seven for consideration (see Table 28). 
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research

Conclusions Application of
model

Research and
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Criteria for a
new approach

Capital budgeting
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EXISTING 
PROJECTS 

NEW  
PROJECTS 

Namaqua 
Landmax 
Brakflow 
Fourport 
Extrema 
LevelOne 
Hever 
Castle 
Kwasand 

Euroshaft 
Aston 
Ultra 
Sabie 
Hertz 
Bank 
Discover 

 

Table 28: The projects that Freesia Industries can select from. 

 

The objective for the company is to find the optimal portfolio of projects that does 

not only take economics into account, but that also considers the other important 

company objectives and constraints. 

 

This chapter will demonstrate the following: 

• Section 4.2 describes the identification and the allocation of weights to the 

company's multiple objectives. 

• Section 4.3 defines and describes the company's macroeconomic 

assumptions.  

• Section 4.4 analyzes the economic feasibility and risk of each of the projects.  

• Section 4.5 illustrates how to score each project in terms of the company's 

multiple objectives and how to formulate the company's multiple objective 

function for this investigation. 

• Section 4.6 describes the constraints and the logical project 

interrelationships that the optimal portfolio must adhere to. 

• Section 4.7 describes how to find the optimal portfolio of capital projects for 

the company. 

• Section 4.8 compares the net present value (NPV) to the multiple objective 

function (MOF) as the objective function for the optimization program. 

• Section 4.9 shows how to determine the risk profile of the portfolio of 

projects. 
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• Section 4.10 describes how the model can be used to manage the portfolio of 

projects after implementation. 

• Section 4.11 concludes the chapter with some observations and remarks. 
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4.2 The company's multiple objectives 

 

Freesia Industries decided to find the optimal portfolio of capital projects that will 

maximize adherence to the following multiple objectives: 

• Economic feasibility. 

• Health and safety. 

• Customer satisfaction. 

• Reputation in the market. 

• Social responsibility. 

 

In order to determine the relative importance of these multiple objectives, it was 

decided to use the pairwise comparison technique, as described in the Analytical 

Hierarchy Process (AHP). Section 2.5.3 described and illustrated this technique, 

as applied to Freesia Industries. Table 29 shows the relative importance of these 

objectives. 

 

Objective Weight
Economic feasibility 60%
Health and safety 20%
Customer satisfaction 10%
Reputation in the market 6%
Social responsibility 4%

 

Table 29: Relative importance of Freesia Industries  
multiple objectives. 

   

 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  LLiinnssttrröömm,,  LL    ((22000055))  



 122

4.3 The company's macroeconomic assumptions 

 

Freesia Industries decided to incorporate the macroeconomic model described in 

section 3.3.  

 

Since the company trades internationally, mainly with the USA, the model has to 

forecast the following macroeconomic parameters: 

• The Gross Domestic Product (GDP) of South Africa. The growth rate in the 

GDP is an indication of the country's business cycle and can be used to derive 

estimates for the demand of the company's products. Since the 

macroeconomic parameters are interdependent, the GDP can also be used to 

estimate other parameters such as inflation and the exchange rate. 

• The Gross Domestic Product (GDP) of the USA. The GDP growth rate in the 

USA can be used to estimate the demand for the company's product in the 

USA. The GDP can also be used to estimate the inflation rate in the USA. 

• The inflation rate in South Africa. The inflation rate is used to estimate 

increases in expenses and is also used to estimate future R/$-exchange rates. 

• The inflation rate in the USA. The USA inflation rate is required in the model 

to derive the R/$-exchange rate.  

• The R/$-exchange rate. Since the products are priced in $ and since certain 

costs are also expressed in $-terms, one needs the exchange rate to convert all 

the currencies to Rand. 

 

Freesia Industries decided to incorporate the macroeconomic model described in 

section 3.3. This model ensures that the projections of these parameters are 

consistent throughout. For example, as the exchange rate model is based on the 

purchasing power parity theory, changes in the respective inflation rates will 

produce an exchange rate that is consistent with the assumed theory. 

 

Following the modeling approach described by Tennent et al (2001), Table 30 

shows all the assumptions and calculations done for the projection of the South 
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African and the USA GDP growth rates. Table 30 also provides a graphical 

presentation of the corresponding projected GDP growth rates of the two 

countries. 

 

Note how the model in Table 30 provides for the specification and description of 

uncertainties regarding certain assumptions. An example is the length of the 

business cycle in South Africa, which Table 30 describes as a triangular 

distribution with 4, 5 and 7 years as the minimum, most likely and the maximum 

cycle lengths respectively. By setting up the model in this way, it is easy to 

perform Monte Carlo simulations where values are generated from these 

probability distributions for the successive simulation runs. 
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Table 30: Assumptions and calculations for the GDP growth rate projections. 
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Table 31 shows the assumptions and calculations for the respective inflation rates. 

This model links the inflation rate cycles to the business cycles with the parameter 

called �Offset to GDP growth�. 

 

Table 31 also shows the exchange rate projections, based on the respective 

inflation rates and the application of the purchasing power parity theory.  

 

It is important that the company is satisfied with the projected macroeconomic 

variables. If the macroeconomic model does not provide realistic values, the 

assumptions of the model must be revised or the model should accommodate 

manual inputs that can override the values generated by the model.                                                        
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Table 31: Assumptions and calculations for the inflation rate projections. 
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4.4 Economic and risk analysis of the projects 

 

Freesia Industries uses the net present value (NPV) as the criterion for the 

economic feasibility of a project. The minimum acceptable rate of return (MARR) 

of 13%, which consists of the risk-free rate (8%) plus a margin for profit (5%).  

 

Project risk is defined as the probability that the project will be unable to generate 

the returns needed to cover the MARR, which is equivalent to the probability of a 

negative NPV. The MARR does not include a risk margin, as the project risk will 

be determined explicitly with Monte Carlo simulations (as explained in section 

2.4.5). For this purpose the company has a project risk threshold of 20%, which 

means that an individual project will be considered too risky if its risk exceeds 

20%. 

 

Table 32 shows the project assumptions for one of the new projects being 

considered, namely project Euroshaft. Column B shows the most likely estimates 

for the assumptions. Columns C � E show how the uncertainty regarding these 

assumptions have been described. For this purpose the model allows the decision-

maker to describe the uncertainties in terms of the three probability distributions 

as described in section 2.4.5, namely �U� for the uniform distribution, �N� for the 

normal distribution and �T� for the triangular distribution. For example, the 

equipment that must be acquired at a $-price at the start of the project has a 

normal distribution with an average of $23m and a standard deviation of $5m. 

 

The estimate (column G) for each parameter is derived by extracting a value from 

the parameter�s cumulative probability distribution with the random numbers 

generated in column F.  
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Table 32: Assumptions for the cash flow projections of project Euroshaft. 
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Table 33 shows the detailed cash flow calculations, based on the above 

assumptions. 

 

Table 33: Detailed cash flow calculations for project Euroshaft. 
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From these detailed cash flow calculations, the projected cash flows for project 

Euroshaft can be summarized as shown in Table 34. 

 

Table 34: Summary of projected cash flows for project Euroshaft. 

 

Table 34 also shows two decision criteria, namely the internal rate of return (IRR) 

of 17.8% and the NPV of about R68m.  

 

The type of analysis described above is done for all the projects, both the new 

project candidates and the existing projects. For some of the existing projects, the 

company also has the option to terminate the project. It is important to estimate 

the net termination proceeds for those projects where termination is an option. 

 

Since the assumptions were formulated in terms of probability distributions, the 

cash flows for project Euroshaft in Table 34 is but one feasible set of cash flows 

for one possible version of the future. In order to get an idea of what the expected 

cash flows could be, the above process can be repeated for say 1,000 times 

through the process of Monte Carlo simulation. The results of the Monte Carlo 

simulation will give a more accurate indication of the project�s characteristics. 

Table 35 shows an extract of the Monte Carlo simulation, which was run 1,000 

times. 
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Table 35: A sample of the Monte Carlo simulation results  
for project Euroshift. 

 

The average NPV of nearly R61m is a much better estimate than the R68m in 

Table 34. Table 35 also shows the standard deviation in the NPV and also the % 

of the Monte Carlo runs which resulted in negative NPV�s. For the Euroshaft 

project 9% of the 1,000 simulation runs resulted in negative NPV�s. It is therefore 
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reasonable to say that there is a 9% probability of a negative NPV or that the 

project risk is therefore 9%. Since the risk threshold on an individual project is 

20%, the new Euroshaft project qualifies for further consideration. 

 

Table 36 shows the following results of the Monte Carlo simulation runs done for 

all the projects: the average initial net capital flow, the average capital flows after 

the first and the second years, the average NPV and each project�s risk in terms of 

probability of negative NPV�s. 

 

Table 36: Averages for all the projects after the  
Monte Carlo simulation runs (R000's) 
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4.5 Project analysis in terms of the multiple objectives 

 

In section 4.1 it was stated that the objective for the company is to find the 

optimal portfolio of projects that does not only take economics into 

account, but that also considers the other important company objectives 

and constraints. The aim of this section is therefore to analyze and score 

the projects in terms of the company�s multiple objectives. 

 

The first steps have already been completed in section 4.2 where the 

company�s multiple objectives and their relative weights have been 

determined as economic feasibility (60%), health and safety (20%), 

customer satisfaction (10%), reputation in the market (6%) and social 

responsibility (4%). 

 

Since the economic feasibility of each project has already been 

determined, one can use the NPV�s to score each project in terms of this 

objective, as shown in Table 37. The economic feasibility score for a 

project is simply the ratio of its NPV to the sum of the NPV�s of all the 

projects. Table 37 also shows the ranking of the projects in terms of 

economic feasibility. 
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Table 37: Project scores in terms of economic feasibility 

 

The other four objectives are more difficult to score, as there are no tangible 

measures that can indicate to what extent a project contribute to them. Step 3 

under section 3.5 describes two ways of dealing with this problem. The first one 

was to do pairwise comparisons between the projects for each of the objectives 

(see Table 26) and the second one was to do a comparative rating of the projects 

in respect of the objectives (see Table 27). Table 38 shows the comparative 

ratings for all the projects in respect of these four objectives. 
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Table 38: Comparative rating and weighing of projects in respect of the 
objectives other than economic feasibility. 

 

By multiplying the weights in Tables 35 and 36 with the weights of the multiple 

objectives, one can derive each project�s multiple objective score. These are 

shown in Table 39. 
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Table 39: Calculation of each project�s multiple objective score. 

 

Column G in Table 39 indicates each project�s multiple objective score. These 

scores are calculated according to the formula given in step 4 of section 3.5. As an 

example, the score for the third project, Ultra, is calculated as follows: 

Score  =   (0.6 x 1.98) + (0.2 x 2.13) + (0.1 x 1.96) + (0.06 x 3.39) + (0.04 x 3.57) 

 =   2.16. 

 

It is interesting to note how the ranking of the projects according to the multiple 

objective scoring changed when compared to the ranking according to the NPV�s 

(see Table 40). A good example is project Namaqua that is ranked 5th on the 

NPV-ranking, but that dropped to 10th place on the multiple objective ranking, as 

a result of low rating on the intangible objectives. 
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Table 40: Changes to the project rankings as a result of  

introducing multiple objective scoring. 
 

 

Whereas the multiple objective scores cannot be expressed in terms of known 

units, it must be interpreted as a relative measure of support for the company�s 

multiple objectives. 

 

In order to formulate the multiple objective function (MOF) for Freesia Industries, 

it is necessary to first define the decision variable xi, where i = 1, 2, �, 25, as the 

variable that can either be equal to 0 or 1 and which will be determined by the 
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optimization program. When xi = 1, it means that project i has been selected to be 

part of the company�s optimal portfolio of projects. Conversely, if xi = 0, it means 

that the optimization program has excluded project i from the company�s optimal 

portfolio of projects. 

 

Table 41 shows each project�s multiple objective score and its corresponding 

decision variable. 

 

PROJECT 

MULTIPLE 
OBJECTIVE 

SCORE 
DECISION 
VARIABLE 

Euroshaft 1.95 x1 
Aston 5.59 x2 
Ultra 2.16 x3 
Sabie 2.14 x4 
Hertz 7.47 x5 
Bank 2.15 x6 

N
E

W
 P

R
O

JE
C

T
S 

Discover 2.89 x7 
Namaqua 4.57 x8 
Landmax 5.14 x9 
Brakflow 3.27 x10 
Fourport 8.83 x11 
Extrema 4.27 x12 
LevelOne 6.22 x13 
Hever 5.65 x14 
Castle 5.42 x15 
Kwasand 5.36 x16 
Terminate Namaqua 2.20 x17 
Terminate Landmax 2.46 x18 
Terminate Brakflow 2.16 x19 
Terminate Fourport 5.86 x20 
Terminate Extrema 2.97 x21 
Terminate LevelOne 3.06 x22 
Terminate Hever 2.85 x23 
Terminate Castle 2.27 x24 

E
X

IS
T

IN
G

 P
R

O
JE

C
T

S 

Terminate Kwasand 3.09 x25 
 

Table 41: Project multiple objective scores and decision variables 
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The multiple objective function (MOF) can therefore be formulated as follows: 

 

MOF = 1.95 x1 + 5.59 x2 + 2.16 x3 + 2.14 x4 + 7.47 x5 +  
2.15 x6 + 2.89 x7 + 4.57 x8 + 5.14 x9 + 3.27 x10 +  
8.83 x11 + 4.27 x12 + 6.22 x13 + 5.65 x14 + 5.42 x15 +  
5.36 x16 + 2.20 x17 + 2.46 x18 + 2.16 x19 + 5.86 x20 +  
2.97 x21 + 3.06 x22 + 2.85 x23 + 2.27 x24 + 3.09 x25  
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4.6 The constraints and the logical project interrelationships 

 

As explained in section 3.8 the company may not be able to implement all 

the projects that might have passed its selection criteria, due to certain 

constraints that cannot be removed. There might also be certain 

relationships between some of the projects that will dictate the selection 

process. 

 

The objective of this section is to illustrate how to accommodate such 

constraints and also how to specify special project interrelationships. 

 

Constraints 

 

In the case of Freesia Industries, two constraints will be included, namely 

the constraints on the availability of capital and labour for the selected 

portfolio, as specified in Table 42. 

 

 CONSTRAINT LIMIT 
1. Net capital outflow at start R750m
2. Net capital outflow during the 1st year R200m
3. Net capital outflow during the 2nd  year R100m
4. Total initial labour force on capital projects 1,750

 

Table 42: Capital and labour constraints for Freesia Industries 

 

In order for the optimization program to take these constraints into 

account, it will be necessary to extract these variables for each of the 

projects into the optimization program. The optimization program will 

ensure that the capital and labour requirements of the selected portfolio of 

projects do not exceed these constraints.  
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Project Interrelationships 

 

It is important to identify any special project relationships that might exist 

and to ensure that the model incorporates them so that the final portfolio 

does not produce answers that cannot be allowed in practice. 

 

Freesia Industries identified five such relationships, as described in Table 

43. 

 

 
RELATIONSHIP 

MODEL 
CONSTRAINT

1. One of the new project Euroshaft (x1) or the 
existing project Namaqua (x8), or neither, but 
not both. 

x1 + x8 ≤ 1 

2. New project Ultra (x3) only if existing project 
Landmax is terminated (x18). x3 - x18 ≤  0 

3. One of the new project Sabie (x4) or the 
existing project Brakflow (x10), or both. x4 + x10 ≥ 1 

4. Both the new projects Hertz (x5) or Bank (x6), 
or neither. x5 - x6 = 0 

5. One of the new project Discover (x7) or the 
existing project Fourport (x11), but not both. 

x7 + x11 = 1 

 

Table 43: Special project relationships 

 

Existing projects 

 

It will be noted from Table 41 that the �continue� and �terminate� 

decisions regarding existing projects have been incorporated as separate 

decision variables. For example, in the decision variables, there is a 

variable x8 for existing project Namaqua and it has a multiple objective 

score of 4.57. If x8 = 1, it means that the company must continue with the 

existing project Namaqua and that this decision will contribute 4.57 to the 

value of the multiple objective function (MOF). However if x8 = 0, it 
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means that the company must terminate the existing project Namaqua. 

The termination decision means that the project cannot contribute its score 

of 4.57 to the value of the MOF. Capital projects however have 

termination values which normally exceed zero and which differ from 

their continuation values. Hence the need to introduce the decision 

variable x17, which if equal to 1 will indicate the termination of project 

Namaqua and the contribution of 2.20 to the value of the MOF. It should 

be clear that since a project cannot be both continued and terminated that 

one cannot have a situation where both x8 = 1 and x17 = 1 or where both 

x8 = 0 and x17 = 0. If x8 = 1 then the model must set x17 = 0, or if x8 = 0 

then the model must set x17 = 1. This can be achieved by introducing the 

following constraint into the model: 

x8 + x17 = 1 

 
Table 44 lists these constraints for all the existing projects. 

 

PROJECT EXISTING PROJECT CONSTRAINT 
Namaqua x8 + x17 = 1 
Landmax x9 + x18 = 1 
Brakflow x10 + x19 = 1 
Fourport x11 + x20 = 1 
Extrema x12 + x21 = 1 
LevelOne x13 + x22 = 1 
Hever x14 + x23 = 1 
Castle x15 + x24 = 1 
Kwasand x16 + x25 = 1 

 

Table 44: Existing project constraints 
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4.7 The optimal portfolio 

The objective of this section is to demonstrate how the What�sBest solver 

program can be used to find the optimal portfolio of capital projects for 

Freesia Industries. 

 

Project analysis input 

Table 45 shows the results of the project analyses that form the input to 

the optimization program. 

 

Table 45: Project analysis input to optimization program  
(all R-amounts in R000's). 
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Since the company has put constraints (see Table 42) on the net capital 

investment amounts for the first three periods and on the total initial 

labour force, it was necessary to extract this information for each project 

(see columns D, E, F and G in Table 45). Each project�s net present value 

(NPV) was also extracted (see column H in Table 45), as management will 

be want to know what the NPV of the eventual portfolio will be. Lastly, 

each project�s multiple objective score (MO-score in column I of Table 

45) was extracted to enable the program to calculate the multiple objective 

function (MOF). 
 

Decision variables 

In the model each project is 

linked to its own decision 

variable, which will 

indicate the choices made 

by the optimization 

program for each project. In 

the case of Freesia 

Industries it will only be 

necessary to incorporate 

integer 0/1-variables where 

�1� will indicate the 

selection of a project and 

�0� the exclusion of a 

project. Table 46 shows all 

the projects with their 

corresponding decision 

variables and illustrative 

values in column C. 

 

 

 

 

Table 46: Decision 
variables in the model.
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Existing project constraints 

The existing project constraints as explained in section 4.6, are included in 

the model, as shown in Table 47. 

 

Table 47: Existing project constraints in the model. 

 

Columns L, M and N in Table 47 contain the formulae of Table 44 that 

will ensure that the model either select or decline each of the existing 

projects. 

 

Project interrelationships 

The project interrelationships described in section 4.6, are included in the 

model, as shown in Table 48. 

 

Table 48: Project interrelationships in the model. 

 

Columns M, N and O in Table 48 contain the formulae of Table 43 that 

will ensure that the model�s choices adhere to the logical relationships 

between these projects. 
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Portfolio characteristics 

Once the optimization program has selected a set of decision variables, 

these variables can be multiplied with the project analysis input in order to 

produce a portfolio of projects. 

 

Table 49: Portfolio results in the model. 

 

The portfolio therefore only consists of those projects whose decision 

variables (column C in Table 49) are equal to 1 and it is therefore only the 

results of those projects that form part of the selected portfolio. The 

portfolio in Table 49 suggests the continuation of all the existing projects 

and the commencement of five of the seven new projects. Table 49 shows 

that this portfolio requires capital of about R1.34bn (see cell J28) at the 
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outset and that the portfolio produces a total NPV of R2.26bn (N28) and a 

total value of the multiple objective function (MOF) of 68.17 (O28). 

 

Constraints 

The portfolio in Table 49 however does not adhere to the constraints as 

formulated in Table 42, especially the limit on the net capital outflow at 

the start of R750m and the initial labour force of 1,750. Table 50 shows 

how these constraints can be included in the model. 

 

  

Table 50: Specifying the constraints in the model.  
(R000's) 

 

In Table 50,the values in row 28 indicate the values for the total portfolio. 

The values in row 30 represents the limitations that the company wants to 

place on certain parameters and the symbols in row 29 indicate the 

required relationships. For example the company does not want the net 

cash outflow at the start to exceed R750m, hence the constraint that the 

portfolio�s total net cash flow at the start (J28) must be equal to or greater 

than (>= in J29) than the limit of R750m (J30). Also one can see the 

constraint on the initial labour in column M, where it is required that the 

initial labour force should not exceed 1,750. 

 

The optimal portfolio 

It is clear from Table 50 that the portfolio shown in Table 49 does not 

adhere to the constraints above. Having set up the optimization problem as 

described in this section, one can now instruct the What�sBest program to 
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solve and to find the optimal portfolio of projects. The result of this 

optimization is shown in Table 51. 

 

Table 51: The optimal portfolio. 
(R000's) 

 

The optimal portfolio in Table 51 shows a total portfolio NPV of R2.14bn, 

which is 5% lower than the NPV on the portfolio in Table 49. The value of 

the MOF of the optimal portfolio is 61.41. The model therefore 

recommends the decisions as described in Table 52. 
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 RECOMMENDATION COMMENTS 
1 Do not commence 

project Euroshaft. 
Euroshaft has lowest MO-score. Also, the 1st project relationship in Table 43 
was between projects Euroshaft and Namaqua: �either, or neither, but not 
both�.  

2 Commence project 
Aston. 

With a high MO-score, the model included project Aston in the optimal 
portfolio. 

3 Do not commence 
project Ultra. 

With one of the lowest MO-scores, the model excluded project Ultra from the 
optimal portfolio. 

4 Commence project 
Sabie. 

Even though project Sabie has one of the lowest MO-scores, it was selected 
since the model opted for the termination of project Brakflow and because of 
the 3rd project relationship of �one of, or both� between project Sabie and 
project Brakflow. 

5 Commence project 
Hertz. 

With the highest NPV and the 2nd highest MO-score, project Hertz was included 
in the optimal portfolio.  

6 Commence project Bank. Even though project Bank has a very low MO-score, it was included because of 
its �both or neither� relationship with project Hertz. 

7 Do not commence 
project Discover. 

The project relationship between project Discover and project Fourport requires 
one of the two, but not both. Project Fourport (the project with the highest MO-
score) was selected, hence the decision not to start project Discover.  

8 Continue with project 
Namaqua. 

The continuation option had a much higher MO-score. 

9 Continue with project 
Landmax. 

The continuation option had a much higher MO-score. 

10 Terminate project 
Brakflow. 

Terminated due to overall constraints and in order to optimize the portfolio. 

11 Continue with project 
Fourport. 

The continuation with project Fourport offered the highest MO-score. 

12 Terminate project 
Extrema. 

Terminated due to overall constraints and in order to optimize the portfolio. 

13 Continue with project 
LevelOne. 

The continuation with project LevelOne offered the 3rd highest MO-score. 

14 Continue with project 
Hever. 

Continuation preferred to termination. 

15 Continue with project 
Castle. 

Continuation preferred to termination. 

16 Terminate project 
Kwasand. 

Terminated due to overall constraints and in order to optimize the portfolio. 

 

Table 52: The recommendations arising from the optimization program. 
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4.8 Objective function: multiple objective function (MOF) or net present 

value (NPV) 

 

One of the key aspects of the approach proposed in this thesis is the use of 

the multiple objective function (MOF) as the objective function in the 

optimization program, as supposed to the portfolio�s net present value 

(NPV). It would therefore be of interest to compare the answers given by 

these two objective functions. 

 

By substituting each project�s multiple objective score with its NPV in the 

optimization program, one can generate the optimal solution with NPV as 

the objective function as shown in Table 53. 

 

Table 53: The optimal portfolio with NPV as the objective function 
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By comparing the �MOF-portfolio� in Table 51 with the �NPV-portfolio� 

in Table 53, one can see significant differences. The MOF-portfolio 

recommends the termination of 3 of the existing projects, whereas the 

NPV-portfolio recommends the termination of 5 of the existing projects. 

Another important difference is that the NPV of the NPV-portfolio is 

R36m higher than the NPV of the MOF-portfolio, which suggests that the 

NPV-portfolio will add more economic value to the company. 

 

However to do a complete comparison, one should also compare both 

portfolios in terms of the company�s other objectives. Table 54 presents an 

analysis of the NPV-portfolio in terms of the company�s multiple 

objectives. 

   

Table 54: Analysis of the NPV-portfolio in terms of the company�s 
multiple objectives. 
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Table 54 displays the weights (as determined in Table 36) under each 

multiple objective of those projects that have been selected for the 

portfolio. By summing the weights under each objective, one gets an 

indication of the portfolio�s support for each objective. As mentioned 

before, these weights cannot be expressed in any unit of measurement, but 

they should be viewed as relative measures and as such can be used in 

comparisons. Table 54 also shows the calculation of the NPV-portfolio�s 

multiple objective score of 57.62.  To complete the comparison of the 

portfolios, the same analysis was done for the MOF-portfolio in Table 55. 

 

 

Table 55: Analysis of the MOF-portfolio in terms of the company�s 
multiple objectives. 
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Table 56 shows the comparison of the two portfolios in table and graphic 

form. 

 

Table 56: Comparison of the multiple objective and the NPV 
portfolios 

 

The graph in Table 56 presents the comparison in terms of a MO / NPV 

index that is calculated for each objective as follows: 

 

1−=
scoreNPV

scoreMONPVtodifferenceMO  

 

The main conclusion that can be made from this comparison is that even 

though the MOF-portfolio generates a NPV which is R36m less that the 

NPV of the NPV portfolio, it recommends a portfolio that support the 

company�s other objectives to a much greater extent. The basis of 
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comparison above indicates a 2 % drop in NPV, but a 28% increase in 

Health and safety, a 15% increase in Customer satisfaction, a 6% 

improvement in the company�s reputation in the market and a 21% 

improvement in respect of social responsibility.  

 

Company management can now decide whether the increased support of 

the company�s other objectives justifies the 2% drop in NPV. 
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4.9 Portfolio risk analysis 

 

The objective of this section is to determine the portfolio�s risk and to compare it 

with the company�s risk threshold. The company has put a risk threshold of 10% 

on the portfolio of projects. It means that the probability that the portfolio of 

projects generates insufficient returns (or that the NPV of the portfolio is 

negative) should be less than 10%.  

 

The following two methods of determining portfolio risk have been described in 

section 3.7: 

• Monte Carlo simulation. 

• Portfolio variance formula. 

 

Monte Carlo simulation 

The Monte Carlo simulations on the individual projects were done on a consistent 

basis, which means that the set of parameters that are common to all the projects 

(e.g. exchange rate, inflation) were applied to all the projects in each run, but were 

allowed to change according to their distributions from run to run. This 

effectively means that each simulation run represents a feasible scenario of the 

future and reflected the performance of the different projects under the different 

scenarios. By simply adding the simulation results of the projects selected for the 

portfolio, one gets a set of simulation runs for the portfolio of projects.  

 

Figure 20 shows a histogram of the simulation runs on the portfolio of projects. 

The following results were also calculated: 

• Standard deviation of the portfolio�s NPV = R239m. 

• Number of negative NPV�s in the 1,000 simulation runs = 0. 

• Minimum NPV = R1,407m 

• Maximum NPV = R2,976m. 
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Figure 20: Histogram of the portfolio NPV-values 

 

One can therefore conclude from the simulation results that the portfolio risk is 

negligible. 

 

Portfolio variance formula 

One can also apply the portfolio variance formula described in section 3.7. By 

comparing the projects� outcomes in the 1,000 simulation runs, one can calculate 

the correlation coefficients between the projects (see Table 57). With each 

project�s expected NPV and standard deviation, one can apply the portfolio 

variance formula. This was done for Freesia Industries and the standard deviation 

for the portfolio�s NPV was calculated as R234m, which is very similar to the 

standard deviation of R239m, as determined from the Monte Carlo simulation 

runs. 
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Table 57: Project correlation coefficients 

 

Portfolio risk analysis in the model 

In the above example, the portfolio risk analysis was done after the optimal 

portfolio has been selected. It is however possible to integrate the portfolio risk 

analysis into the model so that the optimal solution is recommended after the 

optimization program ensured that the risk of the portfolio is within the 

company�s risk threshold. 

 

Integrating the risk analysis into the optimization program greatly increases the 

complexity of the model and the calculation time. The model was set up this way, 

but the capacity of the available version of What�sBest was not sufficient for the 

calculation. A working integrated model was set up but only with a limited 

number of simulation runs, which proved that the integration will work with the 

appropriate version of the What�sBest program.   
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4.10 Portfolio management 

 

The development of this integrated model should not be seen as a once-off task 

with the aim of finding the optimal portfolio. Once the optimal portfolio has been 

identified the model should be maintained and should be used on a regular basis 

to identify when changes to the portfolio are required. 

 

More specifically, the model should be updated when changes such as the 

following take place: 

 

• Strategic: Strategy changes can reflect in numerous ways in the model. On a 

high level, the company may decide to alter its multiple objectives, whether 

by adding new or removing current objectives, or by changing the relative 

importance of the objectives. Also, with more knowledge and better 

judgement, the company may decide to change its assessment of certain 

projects in respect of certain objectives. Both these changes will result in 

adjusted multiple objective scores for all the projects and therefore new 

recommendations regarding the ultimate portfolio of projects. It remains a 

very important requirement that the parameters in the model should always 

accurately reflect the company�s strategy. 

 

• Financial: Changes in the company�s financing structure must be 

incorporated in the model. Such changes can affect important parameters such 

as the capital availability for investment in projects and also the company�s 

cost of capital and therefore the minimum acceptable rate of return (MARR), 

used in the calculation of the projects� net present values. 

 

• Economic: Since many of the parameters are derived from the 

macroeconomic model, it is important to ensure that this model remains 

reliable. Any fundamental changes in the economy (e.g. exchange rates, 
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inflation, business cycles, etc.) may result in changes to the macroeconomic 

assumptions, which in turn may result in changes to the optimal portfolio. 

 

• Changes in the industry: Changes in a company�s industry might require 

updates of many assumptions in the model (e.g. introduction of new and 

substitute products might alter demand patterns; the introduction of new 

technology and new manufacturing processes might change the assumptions 

regarding the cost of production; changes in the demand and supply of raw 

materials can affect prices; etc.). All such changes may alter some 

assumptions in the model, which can result in changes to the optimal 

portfolio.   

 

• New projects and opportunities: Instead of simply assessing the economic 

merit of new projects in isolation, this model provides the company with the 

ability to assess the project�s merit both in terms of the company�s multiple 

objectives and in comparison with the merits of all the other existing and new 

projects. The introduction of new projects will therefore mean new decision 

variables and possible project interrelationships, which might lead to changes 

in the optimal portfolio. 

 

The model�s ability to accommodate changes such as those described above and 

to indicate whether and what changes are necessary for the portfolio to remain 

optimal, is a powerful feature. Such recommendations can only be seen as input to 

the decision-making process, where management still has the ultimate say. 
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C H A P T E R   5 
 

CONCLUSION 

 

 

The objective of this chapter is to conclude with the key aspects of this research and to 

comment on the potential application of this research. Figure 21 highlights this objective 

in relation to the overall approach for the dissertation. 

 

Figure 21: The objective of chapter 5 in relation to 
the overall approach for the dissertation. 

 

The fundamental proposition of this dissertation is that superior capital budgeting 

solutions can be attained by not only analyzing projects individually but rather as part of 

a portfolio of projects that has the objective of maximizing the company's range of 

multiple objectives, not only the economic benefit. 

 

Some of the key aspects are the following: 

 

i) Optimization in terms of the portfolio: By following a portfolio approach, the 

company ensures that all capital budgeting decisions are taken after full 

consideration was given to the whole portfolio of capital projects (both the 

existing and the new projects).  
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ii) Integrated model: The portfolio approach requires an optimization model that 

integrates the assumptions, constraints and analyses of all the projects into one 

model.  

 

iii) Optimization programs: The availability of optimization programs that easily 

integrate with spreadsheets, makes it very easy to develop an integrated model.  

 

iv) Portfolio objective: The dissertation proposes the development and use of a 

multiple objective function that accurately reflects the importance of all the 

objectives that are important to a company. The optimization program selects that 

portfolio of projects that maximizes value to the company in terms of this 

multiple objective function. Whereas this portfolio might not produce the highest 

economic benefit, it was shown that it is superior in terms of promoting the 

company's multiple objectives. 

 

v) Economic decision criterion and risk analysis: The dissertation proposes the use 

of net present value (NPV) as the criterion for economic feasibility. It is proposed 

not to include a risk margin in the discount rate, but to rather explicitly determine 

each project's risk profile through Monte Carlo simulation. 

 

vi) Portfolio risk analysis: Since the model has integrated the analyses of all the 

projects, one can easily determine the portfolio risk by analyzing the Monte Carlo 

simulations of all the projects included in the portfolio. Portfolio risk can also be 

determined with the portfolio variance formulae. 

 

vii) Model development and maintenance: To integrate all the company's capital 

projects into such an integrated model, will require a lot of time and effort. 

However, once it is properly developed, its output can be most valuable and, if 

properly maintained, it can be used on a regular basis to ensure optimality of the 

portfolio of projects. 
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viii) Portfolio management: If the model is properly maintained in terms of keeping all 

the assumptions and the relationships between variables and projects current, it is 

easy to re-run the model when circumstances change to determine the changes 

that are required in order to keep the portfolio optimal. 

 

An aspect that can be researched in more depth is the application of techniques such as 

sensitivity analysis in order to establish the ranges of the various parameters for which 

the proposed solution will still be optimal. This information will indicate the robustness 

of the solution or it might indicate where assumptions regarding certain variables must be 

reviewed. A further area of research can be the application of this approach to other 

decision-making situations, such as mergers and acquisitions, supplier selection 

strategies, equipment maintenance and replacement strategies, etc. 

 

The value of the model lies in the benefits that the integration of the various techniques 

and approaches offers. The development of a multiple objective function provides the 

company with a tool that optimizes its choices regarding capital projects in terms of all 

the objectives that are important. The model thereby enables to company to make 

decisions after taking into account its impact on the whole portfolio of projects. By 

developing this model, a company can definitely improve the analysis required before 

capital budgets are finalized. In its totality, the model will especially be useful in 

situations that are characterized by a great number of projects, complicated project and 

variable interrelationships, many constraints and uncertainties.  
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