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Abstract 

This thesis aims to illustrate how real options embedded in business concerns may be 

identified and quantified for valuation purposes. Traditionally, Discounted Cash Flow 

(DCF) and Net Present Value (NPV) techniques are central to valuation under 

uncertainty. However, option pricing-theory, applied to real or non-financial assets, is 

introduced as a means of bridging the gap between real world valuation practicalities and 

standard theory. This central theme is complemented by the valuation of the process 

patent and plant breeder rights held by Peppadew International (Pty) Ltd. The real option 

valuation is conducted in conjunction with an independent valuation of Peppadew by the 

accounting firm KPMG. Keeping the options analysis in line with the generally accepted 

and well-understood NPV methodology, renders it intuitively understandable and 

acceptable to managers and investors alike. 

The first part of the study illustrates that standard NPV analysis alone is an inadequate 

valuation tool in the presence of real assets. Valuing the process patent and plant breeder 

rights of Peppadew International by means of a real option analysis highlights the fact that 

some inherent value remains unaccounted for by traditional methods. The company was 

undervalued when applying the Discounted Cash Flow model only - not because the 

expected cash flows were too low, but simply because the model ignores the options that 

the company has, via its patents and breeder rights, to increase future investment and take 

advantage of business success. Specifically, the real option analysis of Peppadew 

demonstrates that uncertainty can create va!ue. 

The second part of this study illustrates how the results from the real options analysis of 

Peppadew International may be applied to engineer an enhanced funding strategy for the 

company. Specific requirements are set forth by a large governmental lender and these 

requirements are met through a uniquely stmctured putable bond for Peppadew. 

The findings of this study emphasise that strategists, analysts and valuation experts can no 

longer overlook real options as an analysis tool. Identifying real options not only adds 



substantial economic value but also introduces a paradigm shift in understanding 

flexibility, i.e. the ability to successfully adapt to unforeseen changes as uncertainty 

unfolds. The overall result of this work is a clear and logic demonstration of how real 

option analysis is an extension (to non-financial assets) of the ways in which fmancial 

markets value options on stocks or shares. 



Uittreksel 

Hierdie tesis illustreer hoe reele opsies onderliggend aan besigheidsbesluite ge- 
identifiseer en gekwantifiseer kan word. Evaluering van besighiedsbesluite wanneer daar 
'n groot mate van onsekerheid random kontantvloeie bestaan, word tradisioneel behartig 
met standaard verdiskonteerings tegnieke. Opsie teorie word voorgestel as 'n tegniek om 
praktiese realiteite met standard tegnieke te versoen. Die valuasie van patente- en 
verbouingsregte wat die maatskappy Peppadew Intemasionaal Beperk besit, bring hierdie 
sentrale tema na vore. Die reele opsie valuasie geskied hand aan hand met 'n 
onafhanklike valuasie van die maatskappy saamgestel deur die rekenmeestersfirma, 
KPMG. Die opsie analise tegniek kan intu'itief verstaanbaar gemaak word, vir beide 
bestuurders en beleggers, deur dit te koppel aan bekende verdi'skonterings tegnieke. 

Die eerste gedeelte van die studie illustreer dat standard verdiskonterings tegnieke nie 
omvattend genoeg is wanneer reele bates geprys word nie. Die evaluering van Peppadew 
Internasionaal se patent- en verbouingsregte aan die hand van 'n unieke reele opsie 
model, bring die feit na vore dat verdiskonteringstegnieke inherente waarde nie in 
berekening bring nie. Tradisionele modelle kan nie die opsionaliteit, wat onlosmaaklik 
verbind is aan die maatskappy se patente- en verbouingsregte, kwantitatief in ag neem 
nie. Gelvolglik word die maatskappy se waarde te laag beraam. Reele opsie analise bring 
ook die feit dat onsekerheid waarde kan toevoeg, na vore. 

Die tweede gedeelte van die studie behandel die toepassing van die reele opsie benadering 
op 'n gestruktureerde hderingsoefening vir Peppadew Intemasionaal. Die resultate 
benadruk die feit dat stratege, analiste en waardasie deskundiges nie kan bekostig om 
hierdie nuwe tegniek te ignoreer nie. Indentifisering van reele' opsies wys nie net 
aansienlike ekonomiese waarde uit nie, maar dit lei ook tot 'n paradigmaskuif in die 
verstaan van hoe inherente buigsaamheid en aanpasbaarheid in berekening gebring kan 
word. 
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CHAPTER 1 

INTRODUCTION AND OVERVIEW 

"The more options you have to evaluate, the more data you have to consider and the more 

unprecedented the challenges you face, the less you should rely on instinct and the more on 

reason and analysis". 

Eric Bonabeau - Chief Scientist, Iwsystem. 

Cambridge, Massachusetts. 

1.1 Introduction 

Both corporate practitioners and academics have realized that standard discounted cash 

flow (DCF) techniques alone often undervalue investment opportunities. DCF forecasts 

the future and then uses a risk-adjusted discount rate to account for the error in 

estimation. This simplistic model fails to address two critical aspects in business, namely 

managerial flexibility and strategic interactions. The result is a discrepancy between 

traditional finance theory and corporate reality. Experienced managers often cushion 

investment criteria to accommodate operating flexibility and strategic considerations they 

believe to be as important as direct cash flows. A survey conducted in May 2002 by the 

US executive search firm Christian and Timbers, revealed that 45% of corporate 

executives in the USA rely more on instinct or "gut feel" than on facts and figures when 

running their businesses. (Harvard Business Review, 2003). This is mainly due to the 

inability of traditional finance tools to incorporate proactive flexibility when valuing a 

project or business. 

Dixit and Pindyck (Dixit and Pindyck, 1994) come to the conclusion that the orthodox 

theory of investments has not recognized the important qualitative and quantitative 

implications of the interaction between irreversibility, uncertain@ and investment timing. 

They argue that most capital investments are irreversible to some extent. The initial cost 



of the investment is sunk and cannot be fully recovered if things turn out worse than 

expected. This is especially so when expenditures are firm or industry specific. An 

example often cited is the cost of advertising. Since advertising usually targets a specific 

market with a specific product, advertising costs are deemed irreversible. The company 

placing the advertisement hopes to recover advertising costs through sales of its product 

in the future. Consider also the purchase price of a brand new vehicle. A portion of the 

total cost is the premium the buyer pays for being the first owner of the vehicle. That 

cost is fully sunk since the next owner cannot be the first owner and will consequently 

not pay the premium no matter how good the condition of the vehicle is. Vehicles are 

considered to be depreciating assets and consequently only a portion of the purchase price 

can be recovered on the secondhand market. The exact amount is uncertain. This 

uncertainty is a function of economic factors affecting supply and demand. Thus, the 

timing of a vehicle purchase and/or sale is closely linked to the economic uncertainty and 

cost irreversibility implicit in the "investment". Investment in capital budgeting projects, 

infrastructure developments, natural resources, information and bio-technology, Research 

and Development, brands, licenses and guarantees etc. is not dissimilar to these two 

examples. 

Most investors recognise the value of investing in stages rather than all at once. The 

ability to stage investment payments profoundly affects an investor's risk profile. Helshe 

can now wait for the arrival of new information regarding a project before making the 

decisi6n to invest. In addition to staged investments, the investor may obtain the right to 

choose at each stage whether helshe wants to continue to invest or not. If things turn out 

as expected, investment continues. Should conditions become unfavourable, the investor 

may decide to discontinue further investment and quickly cut losses. Many business 

decisions thus display option-like characteristics. This insight has paved the way for an 

"options way of thinking" to supplement standard valuation techniques. Although there 

is always value in flexibility, it may not, however, always be beneficial to delay 

investment. The threat of competition in fast-growing industries, like computer 

technology, implies that business and investment decisions are "now-or-never". Waiting 



to see what a competitor does often results in significant market loss rather than adding 

value. 

Identifying added value, over and above cash flow projections, is what distinguishes the 

real options approach from traditional valuation methods. The discounted cash flow 

value of a young startup firm in a very large market, for instance, may not reflect the 

possibility, small though it may be, that this firm may break away from the pack and 

become the next Microsoft Corporation. In the same way, a firm with a patent or a 

license on a product may be undervalued by a discounted cash flow model because the 

.expected cash flows do not consider the possibility of market dominance through 

sustained competitive advantage. Discounted cash flows generally understate value, not 

because they are too low (these cash flows simply reflect the probability of success), but 

because they ignore the options that firms have to invest in the future and to take 

advantage of unexpected successes in their businesses. Real options re-direct the 

thinking process towards what constitutes business value. 

Being able to identify where opportunity and flexibility in a capital budgeting project 

really lies distinguishes the experienced managerlinvestor from the inexperienced one. 

This ability is partly linked to intuition. Admittedly, intuition has its place in decision- 

making, but anyone who believes that intuition is a substitute for reason is mistaken. In 

fact, intuition is probably most valuable to a firefighter in a burning building or a soldier 

on a battlefield. A corporate executive faced with a pressing decision to invest millions 

in a new product for a rapidly changing market cannot assess complexity by intuition 

only. The average day trader will confirm that making a quick, intuitive decision that 

turns out well is simply luck - it does not constitute insight or superior knowledge - and 

that sooner or later luck runs out. The options pricing techniques and applications 

presented in this thesis will be informative to all "gut feel" managers and investors who 

want to add quantitative analysis to their already well-developed business intuition. 



1.2 Overview 

Chapter 2 discusses traditional methods of asset valuation under uncertainty. These 

methods weigh costs against expected future cash flows. The rate at which cash flows 

are discounted to the present is referred to as the cost of capital. The cost of capital is 

central to standard valuation techniques and its calculation, using the Capital Asset 

Pricing Model, receives attention in this chapter. Popular alternatives to the CAPM are 

also discussed briefly. 

Chapter 3 highlights some problems encountered when static models are used in 

uncertain investment environments. A few simple examples are used to demonstrate how 

expectation theory leads to errors in project valuation. A number of popular alternatives 

which portray cash flows as random quantities, are then introduced. However, most of 

these fail in one way or another to overcome the problem of finding the "correct" 

discount rate for a series of estimated or simulated cash flows. The question of how to 

account for flexibility in strategy and management under uncertainty thus remains 

unanswered. 

Chapter 4 introduces the concept of real options and begins to familiarise the reader with 

it as an analysis tool. A number of real option examples are given from the literature to 

further aid understanding of this new way of thinking, illustrating how real option 

analysis bridges the gap between theory and corporate reality. Real options are then 

related in detail to financial options. which, in turn, links the theory to the financial 

markets and establishes a basis for the use of modeling techniques. 

It is of the utmost importance to understand the various option-pricing methodologies that 

may be used to price real options. Chapter 5 relates the necessary theory regarding the 

classical closed form analytical option pricing model, derived by Black and Scholes. 

This model has been successfully applied to many real option problems and forms the 

basis of the valuation of the real assets of Peppadew International (Pty.) Ltd. later in the 

study. A correspondence is drawn between each of the six input variables to the Black- 



Scholes model and those required for a real option analysis. Chapter 5 concludes with a 

discussion of both the justification and limitations of the options analogy. 

Chapter 6 introduces a numerical solution to real option pricing and focuses in particular 

on the multiplicative binomial process. This is a very popular technique for more 

complicated real options problems and thus warrants an introductory discussion. In 

addition to the valuation using the Black-Scholes model, Peppadew's real assets are also 

valued using a binomial tree. The latter valuation is attached as an Appendix for perusal 

by interested readers. The tree method comes to the fore again when a funding strategy 

for Peppadew is engineered in Chapter 9. 

Chapter 7 focuses on some pitfalls of applying real options analysis. Like any new 

technique, it can easily be misused and its results interpreted incorrectly if it is not clearly 

understood within the context of a specific problem setting. Especially in the booming 

information technology sector, analysts and company executives have incorrectly used 

the real options argument to justify paying large premiums over discounted cash flow 

values for technology stocks and acquisitions. The error is usually only discovered when 

it is too late. 

Chapter 8 introduces the reader to Peppadew International (Pty) Ltd - its unique product, 

its operating environment, its business model and the company structure. The most 

valuable assets Peppadew have are the plant breeder rights and process patent that allow 

them sole legal rights to grow, process and distribute their product commercially for the 

next ten years. It is argued that these real assets may be more accurately valued using 

real options analysis, rather than attempting to incorporate their valuation into a standard 

NPV analysis. The real options analysis is undertaken parallel with a valuation of 

Peppadew done by auditing firm KPMG. Where traditional methods assume that the 

value of the patents and breeder rights are contained within management estimation of 

cash flows (incurring all the errors of using expectation theory discussed in Chapter 3), 

the real options way of thinking allows for an explicit and easily quantifiable valuation 



based on option mathematics. The result illustrates that NPV analysis alone 

underestimates the true value of Peppadew's assets. 

Chapter 9 engineers a borrowing strategy for the company now that its valuation has 

been revised. In particular, the focus is on structuring a debt security with a certain 

amount of protection granted to investors in the event of adverse business conditions. 

When structuring debt issues of this nature, the credit risk of the issuer plays a central 

role. Peppadew is, however, a privately held, non-listed entity. This circumstance 

usually complicates the calculation of default probabilities for credit spread estimates. 

The real options analysis in Chapter 8 not only delivers an enhanced valuation of 

company assets, but also leads to a measure of the company's business and industry risk. 

These aspects, together with Peppadew's liabilities. can be used to determine both the 

default probability and the implied credit rating of the company. A binomial interest rate 

tree is used to value a putable bond for Peppadew. Finally, the thesis concludes with a 

summary of, and recommendations for, the use and applications of real options, in 

particular for the Peppadew Company. 

Chapter 10 is an overall conclusion of the real options methodology, its application and 

place in future research. 



CHAPTER 2 

TRADITIONAL APPROACHED TO CAPITAL BUDGETING 

"The route to success is to put more money at risk." 

Judy Lewent 

Chief Financial Officer 

Merck & Co. Inc. 

This chapter reviews a few essential concepts surrounding traditional approaches to 

capital budgeting. In particular, the concept of net present value (NPV) is explored in the 

context of value maximization as the primary financial objective of a company. Other 

valuation methods such as payback period, accounting rate of retum and internal rate of 

return are acknowledged by standard finance text to be inferior to NPV. 

2.1 Discounted Cash Flows and Net Present Value 

Discounting is the process of calculating the present value of future cash flows. The 

value today of an asset that is expected to generate a stream of cash flowsC,over a 

number of periods i, when the opportunity cost of investing in period i is 5 ,  is given by 

c, P V = ~ -  
, (l+?Y 

An expected payoff implies a realistic forecast, i.e. neither optimistic nor pessimistic. 

Experienced managers attempting to make unbiased forecasts are, on average, correct. 

This means that even if their cash flow projections sometimes turn out to be high and at 

other times low, errors will average out over many projects. 

Equation (2.1) represents the present value of the sum of a series of discounted cash 

flows and is referred to as the discounted cash flow (DCF) formula. DCF is important 



because it allows the values of future cash flows to be adjusted to a common time origin. 

This in turn allows all the values to be summed so that the total present value of a series 

of cash flows, to be received at many different times, can be calculated. Alternative 

investments, which have different time patterns and money flow, may be compared in 

this way. The net present value (NPV) of a project takes into account any investment 

capital I, and is given by 

This formulation ignores the effect of inflation on interest rates. This has become 

common practice in countries where inflation is low. In countries where inflation reaches 

100% per annum (for example in Zimbabwe and a number of other third world 

economies) Brealey and Myers (Brealey and Myers, 1992) recommend that the effect of 

such extreme inflation on interest rates be taken into account. 

In today's corporate environment, NPV analysis (and its close relative, the internal rate of 

return; or IRR) is at the heart of most capital budgeting and valuation activities. IRR is 

defined as that discount rate which equates NPV to zero. Although its use is popular with 

some practitioners, problems with lRR are most obvious when the term structure of 

interest rates is not flat. 1f short term interest rates differ from long term rates, 

consecutive cash flows are discounted at a different cost of capital. Setting NPV equalto 

zero would mean computing a complex weighted average of separate discount rates in 

order to obtain a figure comparable to IRR. Brealey and Meyers (Brealey and Meyers, 

1992) point out that IRR, whether derived from single or multiple rates, is void of any 

simple economic interpretation. 

When executives evaluate a potential investment, whether it is to build a new plant, enter 

a new market or acquire a company, they weigh its costs against all expected future cash 

flows in the manner described by Equation (2.2). The standard investment rule is simply 

to invest when NPV is seater  than or equal to zero. That is, invest if a project today is 
. . 



worth more than it is going to cost. There are two basic principles of finance at work in 

discounted cash flow calculations. The first one is that a unit of currency today is worth 

more than the same unit of currency tomorrow. Today's capital can be invested 

immediately and begin to earn interest. This is why the present value of a delayed 

payment is calculated by multiplying the expected cash flow C, by a discount factor 

(1+ ri).', which is less than unity. The opportunity cost of investing,?, is the rate of 

return demanded for delayed payments. This leads to the second principle of finance: a 

safe investment is worth more than a risly one. Rational investors avoid risk whenever 

they can, without sacrificing return. An investment in a risky new project adds value 

only if its expected return is higher than what investors could expect from equally risky 

investments in the capital markets. 

2.2 The Cost of Capital 

The rates, r, at which cash flows are discounted within a NPV analysis is also referred to 

as the cost of capital. The cost of capital is central to all NPV calculations. It is chosen 

to reflect the riskiness of the project and should, in theory, equal the rate of return of 

equivalent investment alternatives in the capital market. The choice of discount rate has a 

significant effect on value estimates of a project or company. Equation (2.1) infers that 

the higher the discount rate, the lower the present value of cash flows will be and vice 

versa. If a very high cost of capital is used when evaluating projects, potentially valuable 

opportunities will be rejected. Competitors and corporate raiders usually benefit from 

such oversight. Conversely, setting the discount rate too low guarantees that resources 

will be committed to a project that will erode profitability and destroy shareholder value. 

It is important to bear in mind the distinction between the cost of equity capital and 

company cost of capital. Companv cost of capital is defined as the expected return on a 

portfolio consisting of all the existing securities held by a company. Many companies 

estimate the rate of return required by investors in their securities and then use this 

company cost of capital to discount the cash flows of new projects. This is acceptable 



only if a new project has similar risk charactenstics to that of the firm as a whole. If, for 

example, a company is contemplating expansion of its existing line of business, expected 

future cash flows may correctly he discounted at the company cost of capital. If new 

projects are deemed more (or less) risky than a company's existing business, company 

cost of capital is not the correct discount rate to apply. New projects should, in principle, 

be evaluated at their own cost of capital. The "true" cost of capital under project 

uncertainty depends largely on the use to which the capital will be put. 

The remainder of this chapter describes how the cost of capital is traditionally calculated. 

The focus is on the popular but controversial Capital Asset Pricing Model (CAPM). A 

2001 survey of financial practice conducted by J. Graham and C. Harvey (Graham and 

Harvey, 2001) in the United States found that 74% of US firms always, or almost always, 

use the CAPM to estimate the project cost of capital. Enhancements and alternatives to 

the CAPM are also discussed below. 

2.3 The Capital Asset Pricing Model 

The Capital Asset Pricing Model (CAPM) is widely used in the corporate environment to 

estimate the return investors require from capital investments. The founding principles of 

the relationship between risk and reward were stated by Harry Markowitz in 1952. 

Defusco et al. (Defusco et al., 2001), define the CAPM as follows 

Expected return = E(r, ) = rf + O[E(r,,,) - r, ] (2.3) 

where 

r, = risk free rate of retum. This is typically the yield on government- treasuries or 

bonds; 

r,, = risky market return; 

r, = return on projectp. 

E(r,,) = expected retum from a market portfolio of common stocks. 



A broad value weighted stock index such as the Top40 Index may be used to represent 

the market as a whole. The Top40 Index consists of the forty largest market 

capitalisation stocks listed on the Johannesburg Stock Exchange (JSE). In practice, the 

market portfolio may be observed but is not directly tradeable. 

The factor (r, - r, ) is termed the market risk premium. It defines the return investors 

require from a risky market portfolio, over and above Treasury bill- or government bond 

(risk free) returns. It is an important issue since investors do not take risk "for fun" but 

require sufficient compensation for risks taken. The market risk premium represents the 

price of stock market risk. Beta is a measure of a project's sensitivity to general market 

movement and is defined as 

It reflects the degree to which a project has historically moved up or down with the 

market in general. If there is no historical data, a proxy may be used to estimate beta. A 

proxy is a substitute asset that is used to represent the project being analysed. It usually 

has certain desirable characteristics, such as being listed on a securities exchange with a 

long history of price movements, absent or unobservable in the current project. 

The market portfolio itself has a beta of one since 

A project with a beta of one represents average market sensitivity and will be expected to 

earn the market risk premium exactly. A beta greater (smaller) than unity indicates 

greater (smaller) than average market risk and earns a higher (lower) expected reward, 

according to the CAPM. Beta is (thus) simply the linear regression coefficient which 

predicts returns on the individual asset from returns on the market. 



The CAPM relates expected return to nzarker risk only. Here, risk is defined as 

uncertainty with respect to the outcomes of future events. The risk associated with any 

project may be regarded as either private or market related. Private risk is particular to a 

specific project or business and encompasses issues such as the risk of the CEO of a new 

project resigning before completion, mismanagement of project funds, bottlenecks in a 

development process for new technology, changes in legislation affecting natural 

resource developments and many more. Market risk is associated with market-wide 

variations and the effect that shifts in the economy will have on a project's profitability. 

If the market as a whole is the perfectly diversified portfolio, then investors can eliminate 

private risk by holding the market portfolio. The only risk remaining in a fully 

diversified portfolio is market risk. Since investors are only concerned with risk that they 

cannot "get rid of', the CAPM offers a means of measuring and quantifying this risk. 

The fundamental idea underlying the Capital Asset Pricing Model is that a project's 

expected risk premium should increase proportionally to its sensitivity to overall market 

movement. 

2.4 Alternatives for the Capital Asset Pricing Model 

Once the beta for a specific project and the market risk premium for stocks have been 

calculated, the expected return required by investors is obtained from Equation (2.3). 

This value is the discount rate used in the NPV formula in Equation (2.2). 

The calculation and application of beta in the CAPM is (and has been since its 

introduction) a contentious issue in the market place. Richard Grinold, in his article "Is 

Beta Dead Again?'(Grinold, 1993) states the following: 



"The old, classic CAPM says that beta will extract the market's excess return, leaving 

only residuals whose expected return is not explained by other factors. Actual market 

data, however, suggest that this CAPM view o f  beta may not be correct. " 

There is thus empirical evidence that the basic CAPM cannot fit real-world data without 

some form of enrichment. Business and academia have engineered a number of 

alternative approaches in an effort to determine which discount rate ought to be applied in 

any specific NPV analysis. These include: 

1. Arbitrage Pricing Theory (APT) 

In contrast to capital asset pricing theory, which begins with an analysis of how 

investors construct efficient portfolios, APT starts by assuming that the return on 

each stock or project depends partly on macroeconomic factors and partly on 

noise. It states that assets should be priced to prevent arbitrage. Noise in this 

context refers to risks and events that are unique to a company or project. (See 

DeFusco et al, 2001). 

2. Fama-French Three Factor Model 

Research conducted by Eugene Farna and KE French in 1995 showed that the 

stocks of small firms and those with high book-to-market ratios provided above- 

average returns. They found evidence that these factors are related to company 

profitability. This meant that there appears to be certain risk factors that are 

omitted by the CAPM in its simplest form. (See Fama and French, 1995). 

3. Regression Models 

Models of this type relate actual historical returns on stocks to observable and 

measurable characteristics of a firm, such as market capitalisation. (See DeFusco 

et al, 2001). 



4. Market-derived Capital Pricing Model (MCPM) 

A recent development by a team of businessmen, consultants and professors, this 

model is based on the traded prices of equity options on a company's shares rather 

than on historical data as in the case of the CAPM. Their research finds that 

discount rates given by their MCPM are more realistic than rates generated by the 

CAPM, especially from the perspective of corporate investors. MCPM is a total 

return measure which has the advantage of being based on forward-looking 

market expectations. This is helpful since these are the same investor 

expectations that are built into a company's current stock price. (See McNulty et 

al., 2002). 

2.5 Summary 

In the absence of flexibility, discounted cash flow (DCF) is a simple and effective 

way of comparing the value of sums of money that arise in different time periods. 

Typically, all future cash flows are reduced to their equivalent values as at the 

present time. Summation of discounted investment or project cash flows leads to 

a net present value (NPV). The basis of this methodology lies in investors' 

demand for compensation for any time delay in receiving a return on their 

investments. This holds true even if the return were risk-free. Investors also want 

compensation for any unpredictability in the size of the return. Capital markets 

reflect all these aspects by pricing assets in a given risk class so that they offer a 

standard rate of return over time. The Capital Asset Pricing Model (CAPM) is a 

simple but effective model for measuring risk and for relating the required rate of 

return to the degree of risk. There is, however, evidence that the basic CAPM 

cannot fit real-world data without some enrichment. Consequently, a number of 

alternatives and enhanced models have become popular. 



CHAPTER 3 

THE FAILURE OF DISCOUNTED CASH FLOW METHODS 

"There is no certainty in life; only opportunity." 

Mark Twain 

Discounted cash flow techniques were originally developed to value passive investment 

in bonds and stocks. They were thus predicated on the implicit assumption of passive 

management. In the business world today, however, the focus has shifted to active, 

hands-on management of projects with an emphasis on the value of intangible strategic 

assets. This chapter highlights the paradigm shift that has lead to a closer look at DCF 

and NPV as valuation techniques in uncertain investment environments where managerial 

flexibility plays an ever greater role. 

3.1 NPV under Uncertainty 

Uncertainty is an inescapable part of life. As rational beings, people attempt to 

understand and resolve as much of the uncertainty surrounding their future as possible. 

We plan our days and schedule our time in an effort to manage what the future may 

bring. Insurance on homes and health buys protection against the unexpected; life is 

generally full of risks. Because investment always looks to the future, its outcome is 

uncertain. NPV analysis, as described in Section 2.1, is an attempt to understand and 

model (at least some of) the future cash flow uncertainties surrounding capital 

investment. Equation 2.2 portrays investment as a continuous operation until the end of a 

project venture. It assumes a fixed, multi-year investment model against fixed 

expectations of annual returns. Multi-year investments are, of course, re-analysed 

periodically. Nevertheless, one-time decisions are taken on the basis of a static 

investment plan. A static model narrows the overall project vision, making it very hard 

for managers and investors to change course as project uncertainty unfolds with the 

passage of time. 



In static models, determining a project's cost of capital is by no means an easy task 

because it is not determined by a hard and fast rule. Discount rates are often set without 

calculating beta from the Capital Asset Pricing Model. If assets are not publicly traded 

and there is no recorded history of prices, managers revert to judgment for an estimate of 

the discount rate. The observation that beta can shift over time, since some capital 

investment projects are safer in maturity than in youth, has led to the application of 

variable discount rates over the life of a project. Refer Fama, 1977. The use of a 

constant discount rate assumes that project risk does not change over time. Using a single 

discount rate also implies that larger adjustments than necessary may be made for risk 

from later cash flows. But unpredictable fluctuations in interest rates pose another set of 

problems - an increase in the expected value of future project cash flows. Consider the 

following example, from Dixit and Pindyck (Dixit and Pindyck,1994), of an investment 

that yieldsa perpetuity paying R1,OO per annum. The present value of this perpetuity at 

1 .oo 
interest rate r is - 1 .oo . If r is lo%, then the PV of the perpetuity is - = R1O.OO. 

r 0.10 

However, interest rates are usually uncertain. Suppose then that r is equal to 5% or 15%, 

each with probability 0,5. Then the expected value of the interest rate is (still) 

as above. However, the expected value of the perpetuity is now 

which is greater than R10,OO. This is because the present value of a series of future cash 

flows is a convex function of interest rates (i.e. the higher the interest rate, the lower the 

NPV and vice versa) so that, by Jensen's Inequality, the average of the present values 

corresponding to a number o f  interest rates cunnot be less than the present value for the 



average interest rate. Figure 3.1 illustrates the convexity of discounted cash flows as a 

function of interest rates by means of a generic example. 

0 20 40 60 80 100 

Present Value 
--- 

Figure 3.1 

A generic example illustrating that present value is a convex function of interest 

rates. (A future cash flow of 100 was discounted at interest rates ranging from 0.5% to 

100% over a fixed two year period). 

A Comical Illustration of the Flaw of Averages. 

the drunk 
at his AVEMGE 

But the AVERAGE sta 
of the drunk is 



Jensen's Inequality states that if x is a random variable and fix) is a convex function of x, 

then EV(x)] 2 AE(x)]  with equality guaranteed only iff(x) is a linear function of x. Since 

the fair price of a project is represented by the expected value of a function of uncertain 

variables and not by the function of the expected values of the uncertain variables 

themselves, Jensen's Inequality implies that average values of uncertain inputs used by 

management when estimating future cash flows for a project will not result in average 

outputs. 

There is an additional danger to using an expected value pricing technique such as NPV 

when estimating a project's value. Probability theory states that if an experiment is 

repeated many times over, the expected value will be the probability weighted average of 

the possible outcomes. However, in a once offexperiment, Baxter and Rennie (Baxter 

and Rennie, 1997) point out that the concept of expected value pricing is hard to grasp 

and consequently easily misinterpreted. They illustrate with the following example: 

consider the tossing of a coin where R1.OO is gained for beads and nothing for tails. The 

expected gain(, after repeating the experiment many times,) is 

However, if the coin is tossed only once, the chances of winning 50 cents is zero. Real 

life projects are similar to one-time coin tossing games; there is usually only one 

opportunity. The result is that expected value pricing may not accurately estimate the 

value of an asset or project. 

All of the above issues relating to discounted cash flows, NPV and IRR analysis are hotly 

debated in the literature. Both academics and practitioners have strived to overcome the 

hndamental shortcomings of NPV - and in particular the formulation's failure to portray 

cash flows as random rather than static - with techniques such as sensitivity analysis, 

scenario analysis, simulation and decision tree analysis. These methods aim to bound 

uncertainty of cash inflows and outflows during the life of a project. 



Sensitivity analysis expresses cash flows in terms of key project variables and 

then calculates the consequences of misestimating the variables. It is sometimes 

called a "what-if' analysis since the impact on NPV (or IRR) is determined for a 

stated variation in each key variable with other variables held constant. It is 

useful in identifying the crucial variables that contribute most to the cash flows of 

a project. The greatest drawback of this relatively simple method is that it 

considers the effect on NPV of only one variable at a time, ignoring combinations 

of errors in many variables simultaneously. Examining the effect of each variable 

individually is meaningless when there are interdependencies amongst the 

different variables. Trigeorgis (Trigeorgis, 2002) also finds that if estimates of 

variables are serially correlated over time, a forecast error in one year may 

propagate higher errors in subsequent years. This will have a cumulative impact 

on NPV. 

a Scenario analysis examines a project under alternative scenarios and is thus an 

improvement over sensitivity analysis if variables are interdependent. A limited 

number of different but consistent (with reference to dependencies) combinations 

of variables are considered to give an estimate of future revenue and costs. This 

method recognizes that uncertainty exists, but fails to capture the variance across 

the different scenarios. In this respect, it does not offer comprehensive 

managerial guidance. 

a Simulation is probably the best technique for considering the impact of all 

possible combinations of variables on NPV. It attempts to imitate real-world 

scenarios by using a mathematical model to capture the important functional 

characteristics of the project as it evolves through time. Sensitivity analysis 

usually precedes simulation in order to establish the crucial primary variables 

driving cash flows. Probability distributions for these variables are then estimated 

while single point estimates suffice for all others. The distributions may be 

estimated from historical data (if available), from the historical data of a proxy (in 

the event of a variable having no history itself) or it may be subjectively chosen 



under certain criteria. To deal with dependencies between variables, conditional 

probability distributions may be specified in the same manner. From each of the 

distributions of the primary variables, a random sample is drawn. For every 

sample drawn (and for each of the secondary variable point estimates), the net 

cash flows for each period are calculated. After repeating this process a large 

number of times, the probability distribution of the project's cash flows in total 

can be generated. From this, the expected value of cash flows and the appropriate 

risk-adjusted discount rates can be derived and used to calculate an expected 

NPV. Simulation is thus used as an aid to implementing NPV. "Just as shaking a 

ladder helps one to assess the risks of climbing it, Monte Carlo simulation allows 

one to experiment with a proposed strategy before actually implementing it." 

(Refer www.stanford.edu) 

Simulation can handle complex decision problems involving a large number of 

interacting variables under uncertainty. Even though the complexities of 

probability distribution estimation for interdependencies across time and amongst 

different variables may render this technique less intuitive to managers and 

investors, it remains the primary practical approach to valuation. It cannot, 

however, handle distributional asymmetries well and is limited in dcaling with 

options and other free boundary problems. 

Decision Tree Analysis (DTA) is another method that attempts to account for 

uncertainty in project valuation. A decision tree is a sequence of decision- and 

chance nodes, ending in a terminal node. A node indicates a point where a decision 

must be made and branches emanating from the nodes represent the options 

available to the decision-maker. In this way, all possible (and mutually 

independent) alternative managerial decisions are recognized and mapped. The 

consequence of each consecutive action depends on some uncertain fuhlre event or 

state of nature which management can describe probabilistically based on past 

information. The tree is solved backwards in a roll-back type of procedure. All the 

NPV values calculated at the prevlous (although chronologically following) stages 



are multiplied with their respective probabilities of occurrence. The expected risk- 

adjusted NPV at each stage is the sum of each of these probability weighted NPVs. 

Management will choose the alternative at each node that maximizes the risk- 

adjusted expected NPV. 

Decision Tree Analysis is well suited for analyzing sequential investment decisions 

when uncertainty is resolved at discrete points in time. It graphically illustrates the 

interdependencies between immediate and consecutive decisions. DTA 

accommodates the flexibility to abandon a project at certain discrete points in time 

based on the expectation of cash flows and their probabilistic estimates quantified 

at the outset of the project. But decision trees rely on NPV calculation inputs and 

in this sense share the same constraints under uncertainty as does NPV analysis in 

general: 

The problem of finding the proper discount rate remains. Once again, the 

use of a constant discount rate presumes that risk per period is constant. 

Variable discount rates over the life of the project would more accurately 

reflect the riskiness of cash flows relative to their position in the tree. 

Chance events do not simply occur at a few discrete points in time - the 

resolution of uncertainty may be continuous. The literature suggests that a 

continuous-time version of decision tree analysis might be preferable 

in real-world problems. 

Decision trees can easily become large and unmanageable as the number of decisions, 

outcome variables and states to consider for each variable increases. In jest, many 

authors consequently refer to this technique as "decision-bush analysis". 

Naturally, these techniques are often used in conjunction with one another in order to 

capture uncertainty in changing market conditions over time. In addition to these four 

methods popularly used to overcome the shortcomings of the standard discounted cash 



flow methodology when valuing a project, the following techniques have been applied by 

a number of researchers with varying degrees of success: 

1. Risk-adjusted Discount Rate Method for Multi-Period Problems. 

(Trigeorgis, 2002) 

2. Dynamic Optimization under Uncertainty. 

(Dixit and Pindyck, 1984) 

3. Sequential Investment Analysis 

(Bar-Ilan and Strange, 1992) 

4. Incremental Investment and Capacity Choice. 

(Jorgenson, 1963) 

3.2 NPV and Flexibility 

The only serious shortcoming of the NPV methodology is its inability to account for the 

jlexibility in strategy and management available to decision makers as the future unfolds. 

The techniques mentioned in the second chapter of this thesis do not satisfactorily 

account for the changing levels of risk as projects or investments progress. 

"...many managers seem to understand that there is something wrong with the simple 

NPV rule as it is taught - that there is value to waitingfor more information, and that 

this value is not reflected in the standard calculation. In fact, managers ojien require 

than a NPV be more than merely positive. It may be that managers understand that a 

company's options are valuable, and that it is desirable to keep these. options open." 

(Dixit and Pindyck, 1994). 



NPV, refer Equation (2.2), makes implicit assumptions concerning an expected scenario 

of cash flows and presumes management's passive commitment to an operating strategy. 

It imposes a fixed path on a business or project's future development without taking into 

account any form of managerial flexibility. The concise Oxford Dictionary defines 

flexibility as "the ability to bend and change shape without breaking". Flexibility in 

project and business management takes its cue from this definition. It refers to the ability 

of managers to steer a project successfully through changing market, economic, political 

and company specific conditions until completion. Managers knoy that things change all 

the time and that actual cash flows will most likely differ significantly from what was 

expected at the outset. In fact, all good managers have the ability to capitalise on 

favourable opportunities and be proactive in mitigating losses. Projects may, for 

example, be expanded or contracted as demand and supply dictates. Initial operation, 

exploration, production or investment may be deferred if the current economic 

environment is unfavourable. Operation may even be shut down temporarily or 

abandoned permanently for salvage value. The list of possibilities in project management 

is endless. The point is that management's ability to "do something" if and when the 

need arises, is equivalent to having a number of options when steering a project to 

successful completion. Options of this nature are extremely valuable. They may act as 

protection on the downside of project uncertainty, while offering upside benefits through 

flexible adjustment to altered market conditions. Since standard NPV methodology does 

not account for the flexibility to make decisions in the future, it systematically under 

valuates projects. Figure 3.2 illustrates how uncertainty affects value from a NPV and 

real options points of view. 

The investment rule for NPV analysis is to invest immediately if NPV > 0. 1.e. invest 

immediately when the value of a unit of capital is at least as large as its purchase and 

installation cost. It is a now or never decision. However, much of the uncertainty 

surrounding new projects is resolved over tlme. So there must be at least some benefit to 

waiting for the arrival of new information (market or project specific) before a final, 

irreversible investment decision is made. The ability to delay investment for a while is a 

real option investors may have- and a valuable one at that. NPV analysis in its standard 



form does not consider such investment flexibility. As a result, investors are either 

robbed of this benefit or it is given without considering its true worth. 

Uncertainty 

Managerial 
Options 
Increase Value 

Figure 3.2 

How Uncertainty affects Value. 

Source: "Real Options: Managing Strategic Investment in an Uncertain World". Amram 

and Kulatilaka, 1999. 

Naturally, not all projects derive value from delay. There may be strategic considerations 

that make immediate investment imperative in order to preempt potential competitors and 

establish market dominance. In most cases, however, delay is both feasible and 

extremely valuable. 

3.3 Summary 

Traditional NPV analysis is unable to capture the value of operating flexibility properly, 

mainly because of its dependence on expected future events that are uncertain at the time 

of an initial investment decision. The possibility of a company's management taking 

action as project uncertainty unfolds over time, results in investment opportunities that 



are not symmetric by nature. Although a number of attempts have been made to 

overcome this fundamental shortcoming of all DCF-type approaches, operating flexibility 

may be effectively accounted for by visualizing dmretionary investment opportunities as 

options on real assets or as real options. Chapter 4 will now aim to familiarize the reader 

with the concept of a real option. 



CHAPTER 4 

REAL OPTIONS 

'From a little spark may burst a mighty flame ....." 
Dante Alighieri. 

This chapter introduces the concept of real options and begins to familiarise the reader with it 

as an analysis tool. A number of real option examples are given from the literature to further 

aid understanding of this new way of thinking, illustrating how real option analysis bridges 

the gap between theory and corporate reality. Real options are then related in detail to 

financial options, which, in turn, links the theory to the financial markets and establishes a 

basis for the use of modeling techniques. 

The term "real option" was first used by Steward Myers, a MIT professor who introduced 

this new way of thinking in his popular 1984 publication, "Finance Theory and Financial 

Strategy", (Myers, 1984). Since then, academics have published widely on the subject. In 

particular, Avinash Dixit and Robert Pindyck (Dixit and Pindyck, 1994) published a book 

exploring most of the mathematics necessary to understand and successfully apply 

investment under uncertainty. Lenos Trigeorgis (Trigeorgis, 2002) is generally considered 

to be at the helm of new real option developments and regularly organizes academic 

conferences on real options. Refer www.realovtions.com. Martha Amram and Prof Nalin 

Kulatilika are also well-known authors who aim to make the insights of real options 

accessible to the business manager in general. The demand for real option knowledge is 

mainly driven by business management's need to position a company in such a way that 

benefit can be derived from uncertainty. It allows management to communicate a company's 

strategic flexibility internally and to the financial markets as a whole. 

4.1 Real Options 

Plagued by the shortcomings of traditional capital budgeting tools, academics, project 

managers and investors have started to change their way of thinking about uncertainty, 



flexibility and risk when valuing capital budgeting projects. Taking their cue from the 

seminal work of Fischer Black and Myron Scholes on the pricing of financial options, the 

real options approach was developed as an extension of financial option theory. A company 

evaluating an existing asset or potential investment is in much the same position as the holder 

of a financial option written on stocks, bonds or commodities. The holder of a financial call 

option on the price of oil may exercise the option if the oil price rises above a pre-agreed 

level, but will not do so if the price falls. Similarly, the owner of a marginally profitable oil 

field has the right to exploit it should oil prices rise, but has no obligation to do so if prices 

slump. The future value of such a real investment opportunity may thus be determined in a 

similar way to financial options. 

As the term indicates, real options are options on real or non-financial assets. Real assets 

include, inter alia 

The expected cash flow of a start-up venture; 

a Intellectual capital and the ability of a good management team to steer 

a project to successful completion; 

a Natural mineral resources; 

Licenses; 

Guarantees; 

a Leases; 

a Patents; 

Property and commercial rights. 

Real assets typically either refer directly to, or have a significant impact on, the gross value 

of the operating cash flows of a project. In fact, profitable business ventures exist because 

they hold some kind of valuable real asset which is exploited and marketed in the correct 

way. In project management and capital budgeting, strategic flexibility under market 

uncertainty is an extremely valuable asset, highly prized by investors. It is easy to see why - 

when real money is on the line, an adaptable strategy is better than a rigid one. 



In real options analysis, a real call option offers the freedom, in future, to spend money in 

order to acquire assets in the best way at that time. A real put option represents the freedom, 

in future to dispose of an asset in the best way at that time (i.e. scrap an initiative, sell a going 

concern etc). The most extreme put option under limited liability is the option to declare 

insolvency. Options confer a right, but no obligation, on the holder to make a decision. 

The key difference between a financial option and a real option is that a decision about a 

financial option cannot change the value of a business itself: The activities and profitability 

of a company are not influenced to any extent by trade in financial options (assuming of 

course. a reasonably efficient market structure). However, real options involve a claim on 

real economic resources like time and money and can thus alter a company's resources, 

profitability and competitive advantage. Therefore, a company should actively manage their 

real options. Howell (2001) considers a company that holds a real option to invest in 

technology in the future. If it exercises this option at the "wrong" time, the comp&y has not 

only lost part of the value of its real option but has also spent money investing at a sub- 

optimal time. Such losses, Howell argues, will inevitably be reflected in the company's share 

price. Consider also the following examples, adapted from Howell (2001), of business 

decisions that can be influenced by real options: 

The sequence of stages by which to expand or shrink operating capacity; 

The decision to buy into or make a new product; 

The price at which to accept a long-term fixed-price contract for an input 

or output whose market price is variable (e.g. oil, gold); 

How to compare and value leases, brands and patents (i.e. deals which 

constrain the activity of participants and competitors); 

(Refer to the Case Study of this Thesis) 

When to cease operating an asset and when to reactivate it; 

When and how to exit from owning andlor operating an asset; 

The maximum investment to make in a research project; 

How to design government policies and incentives that do not hamper 

business and entrepreneurial activities within an economy. 



These examples suggest how real options can provide management with valuable operating 

flexibility and strategic adaptability. Many real options occur naturally in valuation and 

investment opportunities. Growth options, for example, are found in all infrastructure-based 

and high technology industries. These are industries with multi-product generations where 

rapid growth implies success. Other types of real options may be built in as part of the 

strategic planning process. Table 4.1, adapted from Trigeorgis (Trigeorgis, 2002:2-4), gives 

a comprehensive overview of common real options. 

When financial option theory is applied to real options in a business situation, the discipline 

of the financial markets is brought to internal strategic investment decisions. This ensures 

that the real option approach is aligned with financial market valuations. The link is 

important from a management and investor perspective. Even though financial market 

valuations may produce a myriad transaction prices, the prices of mis-valued assets are 

swiftly corrected by the market as a whole. Thus, if real option valuations are kept in line 

with market valuations, mis-pricing will be limited. Since managers are often rewarded with 

stock options linked to growth in the value of a firm, alignment of strategic business 

decisions with financial market valuations is important. A model which is clearly linked and 

anchored to pricing in the financial markets, enables managers to communicate confidently 

with investors and analysts. Most small companies as well as high-risk start-up ventures 

must, for example, approach the capital markets periodically during their early growth 

phases. Although full disclosure of developments and alliances is usually required, the value 

of such firms lies in their ability to grow and capture market share. Communicating to the 

market a paradigm shift from static expected cash flows to the real value of the firm through 

an option to grow is doomed unless it is intuitively appealing and comprehensible. Real 

options analysis creates an integrated framework that addresses decisions under uncertainty. 

It reverses all the rigid assumptions of DCF by recognising that 

the future cannot be forecasted perfectly (only today's market state is 

known) and . 
0 the use of the risk-free rate of interest is more appropriate than trying to 

estimate a risk-adjusted discount rate for every project. 



Insight into the nature of options and the mechanics of option pricing explains to a large 

extent why the actual investment behaviour of companies differs so much from the 

methods taught in business schools. Real options bring the theory closer to reality by 

addressing the option-like characteristics of investment opportunities. A company has 

to bring together new non-standard and non-traded combinations of real resources in 

order to effect a "deal" between itself and the outside world. 

4.2 Financial Option Theory and Real Options 

A financial option gives the holder the right, without any obligation, to buy or to sell a 

specific financial asset by paying a predetermined price on or before a specified date. 

This right, which the option buyer obtains, is valuable and comes at a mathematically 

calculated premium, payable at inception of the contract. The right to buy is known as a 

call option and the right to sell, a put option. Assets underlying financial options are 

tradable securities like common stock, government bonds, corporate bonds, stock 

indexes and bond indexes. The exercise (or strike) price is the predetermined price that 

the holder of the option will pay for a call option or receive for a put option (is the 

exercise or strike price). The maturity or expiration date is the date on which payment 

is made (call option) or received (put option). The values of call options increase with 

favourable movements in the underlying asset - they become more valuable on the 

upside. Put options, on the other hand, function like insurance. They pay off when the 

value of the underlying asset drops (in value). Options are like a two-edged sword: 

used on their own, they provide a means of speculating about the directional view of the 

underlying asset. But used in conjunction with the underlying asset, options reduce risk 

by hedging against fluctuations in the value of the underlying asset. An option, call or 

put, which allows the holder to exercise on one specific date only, is known as a 

European option. An option that may be exercised at any time on or before the 

expiration date is known as an American option. Table 4.2 describes the equivalence 

between financial- and real options. 



Table 4.1 

Common Real Options 

:ATEGORY 

Iption to defer 

rime-to-build option 

staged investment) 

3ption toalter operating 

icale (e.g. to expand, to 

:ontract, to shut down and 

.estart) 

3ption to abandon 

DESCRIPTION 

Management holds a lease on (or an option to 

buy) valuable land/resources. They can wait x 

years to see if output prices justify constructing a 

building or a plant or developing a field. 

Staging investment as a series of outlays creates 

the option to abandon the enterprise in 

midstream if new information is unfavourable. 

Each stage can be viewed as an option on the 

value of subsequent stages and valued as a 

compound option. 

If market conditions are more favourable than 

expected the firm can expand the scale of 

production or accelerate resource utilization. 

Conversely, if conditions are less favourable 

than expected, it can reduce the scale of 

operations. In extreme cases, production may be 

halted and restarted. 

If market conditions decline severely, 

management can abandon current operations 

permanently and realize the resale value of 

capital equipment and other assets on 

secondhand markets. 

APPLICATION 

All natural resource extraction industries, real estate 

development, farming and certain commercial 

products 

All R&D-intensive industries, especially 

pharmaceuticals; long-development capital 

intensive projects (e.g. large-scale construction or 

energy generating plants); start-up ventures. 

Natural-resource industries (e.g. mining); facilities 

planning and construction in cyclical industries; 

fashion apparel; consumer goods; commercial real 

estate. 

Capital-intensive industries(e.g. airlines, 

railmads);financial sewices;new-product 

introductions in uncertain markets. 

REFERENCES 

McDonald and Siegel 1986, 

Paddock et al. 1988, 

rourinho 1979, 

ritman 1985, 

[ngersoll and Ross 1992. 

Hajd and Pindyck 1987, 

Carr 1988, Trigeorgis 1993. 

I'rigeorgis and Mason 1987, 

Pindyck 1988, 

McDonald and Siegel 1985, 

Brennan and Scwartz 1985. 

Myers and Majd 1990. 



utputs or inputs) 

;rowth options 

dultiple interacting 

,ptions. 

Margarbe 1978, 

Source: Trigeoq 

Output shifts: Any good sought in small batches or Option to switch(e.g. 

change the output mix of the facility (product 

flexibility). Alternatively, the same outputs can 

he produced using different types of inputs 

(process flexibility) 

If prices or demand change, management can 

An early investment(e.g. R&D, lease on 

undeveloped land or oil reserves, strategic 

acquisition, information network) is a 

prerequisite in a chain of interrelated projects, 

opening up future growth opportunities(e.g. new 

product or process, oil reserves, access to new- 

markets, strengthening of core capabilities). Like 

inter-project compound options. 

Real-life projects often involve a collection of 

various options. Upward potential enhancing 

and downward protection options are present in 

combination. Their combined value may differ 

from the sum of their separate values, i.e they 

interact. They may also interact with financial 

flexibility options. 

5,2002. 

rubject to volatile demand(e.g. consumer 

electronics); toys; speciality paper; machine parts; 

autos. 

Inputs shifts: All feedstock-dependent facilities; 

electric power; chemicals; crop switching; sourcing. 

All infrastructure-based or strategic industries - 

especially high tech, R&D and industries with 

multiple product generations or applications(e.g. 

computers, pharmaceuticals);multinational 

operations; strategic acquisitions 

Real-life projects in most industries listed above. 

Kensinger 1987, 

Kulatilaka 1988, 

Kulatilaka and Trigeorgis 1994. 

Myers 1977, 

Brealey and Myers 1991, 

Kester 1984,1993, 

Trogeorgos 1988, 

Pindyck 1988, 

Chung and Charoenwong 1991. 

Trigeorgis 1993, 

Brennan and Scwarz 1985, 

Kulatilaka 1994. 



Table 4.2 

Describing Financial - and Real Options. 

Adapted from "Real Options-Evaluating Corporate Investment Opportunities in a Dynamic World", Sydney Howell et al, 2001. 

In Financial Markets 

Purchase a call option on a share from a 
trader. It gives the right to buy the share 
at a fixed exercise price. 

(When profitable) pay the exercise price 
to the trader who sold the option. 

In return for paying the exercise price, 
obtain stock whose current value is based 
on its future stream of expected dividend 
income. 

Only pay the exercise price if the value of 
the share in the financial market at the 
time is at least as high as the exercise 
price. 

The return on the stock follows a random 
walk. 

In Real Asset Markets 

Spend money to buy, or create, the right or power to acquire some business asset e.g. 
buy a license or brand, or fund new research. This allows acquisition of a business 
asset, provided an investment of known cost is made (exercise price). 

(If expected to be profitable) make the required investment to acquire the "real" asset, 
e.g. equipment, advertising etc. 

In return for paying the exercise price of the investment, obtain a new business asset 
whose current value is based on its future stream of expected net cash flows. 

Only make the investment (exercising the real option) if the future net cash flows of 
the business asset that will be acquired (discounted at an acceptable rate) are at least 
as big as the investment cost to be paid for the asset. 

In some real options, the decision whether to invest in the underlying asset or not will 
be noticed by other players and will itself change the value of the asset. 



The core element of an option's value (whether it be financial or real) is the beneficial 

asymmetry derived from the right to exercise only when it is in the holder's interest to do 

so - with no obligation to exercise if conditions are unfavourable. Options thus enable 

investors to control risk by limiting losses while magnifying upside potential. Figure 4.1 

demonstrates this concept. The curved payoff profile of an option to invest is compared 

with the straight line payoff profile of a typical immediate NPV decision. The horizontal 

axis shows the possible expected present values of a project's net operating revenues. 

The vertical axis shows the resulting net present value of the project, i.e. the difference 

between the present values of all operating revenues and the initial investment cost. 

Recognizing and quantifying the option to defer investment prevents the payoff profile of 

the investment decision from becoming negative. Downside risk is mitigated because 

management now have the option to cut operations before losses are incurred. 

A 

al 
a - Value of option to defer investment s * 
C 

i 
k 
C) Payoff profde of immediate investment 
i? 

, , b 
,' , . Expected operating revenues of project or 

,' . investment 
I' , . 

I 

Figure 4.1 

Payoff Profile of a Real Investment Call Option versus that of a Standard NPV 

Decision. 

Source: Damodaran, 2001. 



The pricing of derivative securities in general, and options in particular, rests on the 

notion that securities with exactly the same risk-return profiles ought to be identically 

priced. In technical terms, this is called the arbitrage pricing argument. Arbitrage refers 

to any riskless profit (involving no net investment) that may be realised from trading the 

same securities in different markets. Suppose one can construct a portfolio by buying a 

particular number, N, of shares of the underlying asset. In order to make this purchase, 

one borrows an amount, A,  at the riskless rate of interest. In any small interval of time, 

the future returns of this portfolio would exactly replicate the future returns of the option. 

Such a portfolio is thus referred to as a replicatingportfolio. The number of shares in the 

replicating portfolio will need to be adjusted every time a price change is observed in the 

market - only then can it remain an appropriately levered position in the underlying asset. 

Since the option and the replicating portfolio are equivalent in terms of payoff profile and 

risk distribution, they must have the same price to avoid arbitrage opportunities. This is 

commonly referred to as the Law of One Price. It follows that the value of the option is 

then determined by calculating the cost of the replicating portfolio. Arbitrage pricing is 

of inestimable value when pricing complex contingent claims, financial or real. 

Dixit and Pindyck (Dixit and Pindyck, 1994) use this risk-less arbitrage argument to 

show that real options can be priced if some equivalent traded security, whose risk 

"spans" or "tracks" the uncertainty in the real asset, may be identified. The use of 

arbitrage arguments in the valuation of real options was a breakthrough because it 

overcame the valuation difficulties of traditional methods, namely: 

It avoids the pitfalls of expected value pricing techniques. Arbitrage 

pricing suggests the same price for the same risk and so enforces the fair 

price of an asset. 

The arbitrage condition is independent of an investor's attitude toward risk 

(i.e. the price of the security is determined by the non-arbitrage condition 

only). This allows the risk-adjusted rate of return to be replaced by the risk 



free rate of interest, rendering it free from the discount rate problem 

discussed in the first chapter of this thesis. 

4.3 Modeling Techniques for Real Option Problems 

Unlike financial options, real options are generally not specified in a contract and must be 

identified and defined through analysis and judgment. A mathematical framework 

representing the underlying stochastic process, the payoff function and decision rules 

must be established before the solution method and "option calculator" is chosen. An 

"option calculator" refers to the specific mathematical techniques used in the different 

solution methods for option valuation. Three approaches to (real or financial) option 

valuation will be discussed in sub-sections 4.2.1 to 4.2.3 below. These are partial 

differential equations, dynamic programming and simulation. Figure 4.3 below 

summarises the implementation process and tools for option valuation. 

4.3.1 The Partial Differential Equation Approach. 

This approach to valuing options involves solving a partial differential equation 

(PDE) which equates the change in option value to the change in the value of a 

tracking or replicating portfolio. Boundary conditions specify the value of a 

particular option at known points (e.g. at expiry of the option) and at the extremes 

(e.g. the upper boundary where the value of the underlying asset is large and the 

lower boundary where the value of the underlying asset tends to zero). If the 

option value can be written as an explicit function of the inputs, an analytical 

solution to the PDE exists. The Black-Scholes partial differential equation is a 

point in case. It can be solved with a particular set of boundary conditions to give 

the arbitrage prices of European call and put options. 

If an option's value V is a function of the underlying asset S and the passage of 

time t, then a graph which shows how option value varies as a result of changes in 

these two factors is referred to as the valuation surface, V(S,t). See Figure 4.2 for 



an illustration. Howell (Howell, 2001) explains, by means of an example, that the 

Black-Scholes PDE controls only the local variations of the valuation surface 

V(S,t) due to small variations in stock price, S, and time, t. If one imagines the 

valuation surface as a piece of fabric, the Black-Scholes equation gives the laws 

by which that fabric can or cannot flex. Since the surface is twice differentiable 

in S (refer to Equation 5.12 below), the fabric cannot have discontinuities or tears. 

In economic terms, this feature prevents arbitrage, since similar conditions of S 

and t do not lead to dissimilar values of V. The Black-Scholes equation leaves the 

"fabric" of the value surface free to assume infinitely many "flexings". In order 

to make the valuation surface have a unique shape, one must pin the fabric down 

along certain boundaries. Refer Figure 4.2. This is done by imposing (sufficient) 

boundary conditions. Too few boundary conditions will leave the surface 

undefined (fabric flapping in thz wind) with no unique value for given S and t. 

Too many boundary conditions will at best include redundant conditions and at 

worst, some contradictory ones whlch jointly may permit no solution at all. In 

mathematical terms, a well-posed problem has just enough boundary conditions to 

ensure a unique solution. 

Although the Black-Scholes model cannot be applied in the valuation of all 

financial-and real options, it is arguably the easiest and fastest way to value 

European options. Chapter 5 is dedicated to a description of its origin and 

mechanics. However, when an analytical solution to the PDE cannot be obtained, 

numerical solutions offer an alternative. The PDE is converted into a set of 

equations that must hold over short intervals of time. Computational algorithms 

are then used to solve for the specific option value that solves the equations 

simultaneously. The most widely used numerical solutions to a PDE are the 

(implicit and explicit) finite difference methods. In this approach, a grid covering 

the entire range of values for the underlying asset during the life of the option is 

set up. 
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Figure 4.2

European Call Option Value as a Function of Stock Price and Time.

Source: Prof M.F Kruger

For each point in the grid, a set of equations is solved to obtain a value of the

option. Calculations begin at option expiry and then proceed backward in time

(along the time dimension). Finite difference methods calculate option prices for

many starting prices of the underlying asset simultaneously. Although not

(directly) applied in ~the specific case study of) this thesis, implicit and explicit

finite difference methods are important in many real option applications.

Consequently, they are discussed further in Appendix I.
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4.3.2 The Dynamic Programming Approach 

Dynamic programming (which is a discrete time numerical technique for option 

valuation) lays out possible future outcomes and folds back the value of optimal 

future strategies in the form of a decision tree. In this way, a decision tree solves 

the problem of how a current decision influences future payoffs. The basic idea 

behind the tree is to split a decision sequence into two parts; the immediate period 

and the whole continuum beyond that. This decomposition is formally stated in 

Bellman's Principle of Optimality which defines an optimal strategy as follows: 

given the choice of the initial strategy, the optimal next-period strategy is the one 

that would be chosen if the entire analysis *ere to begin in the next period. The 

problem of determining an optimal strategy is solved in a backward recursive 

fashion, discounting future values and cash flows and folding them back into the 

current decision. A tree thus gives an option value for a single starting price of 

the underlying asset. The accuracy of tree (and finite difference) methods is 

increased by expanding the size of their lattices. Of course, the problem of having 

to work with enormous trees must be circumvented. The subject of enhanced 

convergence of standard lattice methods for option pricing is well documented in 

the literature. It will not receive detailed attention in this thesis. 

The most popular dynamic programming model for solving financial or real 

options is the binomial model. Binomial tree methods are rooted in the one- 

dimensional random walk model. The lattice structure affords a strong intuition 

about factors influencing option value. It handles various real assets and real 

option features transparently and is generally more instructive than analytical 

solutions. The binomial model is given further attention in Chapter 6. An 

application to the case study is included for interested readers and may be found 

on the CD: 

File Name : Peppadew International 

Sheet Name : Binomial Tree. 



4.3.3. Simulation Models 

These models simulate thousands of possible paths of evolution of the underlying 

asset from the present to the final date of the option. The simulation process 

attempts to imitate a real-world decision setting by using a mathematical model to 

capture the important characteristics of a project as it evolves through time. The 

optimal outcome or "strategy" is determined for each simulation run and the 

payoff calculated. The value of the option is the average of these payoffs, 

discounted back to the present. The commonly used Monte Carlo simulation 

method directly approximates the behaviour of a stochastic process (e.g. an 

option's value) by drawing a large number of random trials of the stochastic 

behaviour in question, and observing the effects on option value. Monte Carlo 

simulation in particular, is more intuitive than finite difference methods when 

valuing complex options. It can handle both complicated decision rules and 

complex relationships between the option value and the underlying real asset. 

Consequently, exotic and American style options are commonly valued using 

Monte Carlo simulations. Refer Longstaff and Schwartz (2001). 

Chapter 5 will focus solely on the Black-Scholes closed-form analytical solution 

to the price of any European-style derivative asset paying dividens. It is arguably 

the quickest and easiest model to implement, once the underlying mathematics is 

understood. It cannot, however, handle exotic and American options well. 'The 

real assets of Peppadew International will be valued using the Black-Scholes 

model - not because of its relative simplicity, but because it is well suited to the 

structure of and information available for the case study. 

A number of option calculators are available for different solution methods. Each 

will provide values consistent with financial market valuations if guided by the 

real options approach. 
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Solution Methods and Option Calculators. Source: Amram and Kulatilaka, 1999. 

4.4 Summary 

Rear options analysis allows flexibility in the decision making process to be quantified. 

Consequently, it has become an important tool for many types of business and investment 

decisions which hinge on change, adaptability and operating efficiency. Real options 

analysis is essentially an extension of the ways in which financial markets value 

uncertainty and as such may be valued using well-known mathematical modeling 

techques. 



CHAPTER 5 

I BLACK SCHOLES AND REAL OPTIONS I 

"Chance favours the prepared mind." 

Louis Pasteur. 

This chapter deals heuristically with continuous processes, leading up to the option pricing 

model derived by Fischer Black and Myron Scholes. This model is of particular interest in 

real options analysis. It offers a closed-form analytical solution that is accurate (for sound, 

quantifiable inputs) and intuitively easy to understand, for the price of financial and real 

options. In particular, it is applied as the model for valuation in the real options analysis of 

Chapter 8 of this thesis. 

5.1 Continuous Processes 

Even though markets do not trade continu lously, continu lous proces ises are u to model 

market prices solely for mathematical convenience without loss of generality. In this 

context, continuous processes refer to those that are continuous in both time and space. 

A step process like a birth- and death process, for example, is continuous in time but 

discrete in space. Over time, with each recorded birth the process will jump up and with 

each death it will jump back down again. Trading in modem financial markets has 

become so dynamic that trades are executed in very short time intervals at almost any 

time of the day or night. Continuous models are thus a reasonable approximation of real 

markets. A continuous process may be described by the following three basic principles: 

(1)  Its value can change at any time and from moment to moment. 

(2) Actual values can be expressed in arbitrarily fine fractions, i.e. any real 

number can be taken as a value. 



(3) The process changes continuously which means that it does not make 

instantaneous jumps. If the value of the process changes from 2 to 2.05, it 

must have passed through all the values in between, albeit quickly. 

Intuitively, the prices of market securities seem to behave this way. i.e. they display 

continuous-time behaviour. But markets are also assumed to be continuous in space. 

As far back as Bachelier in 1900, academics have compared the price movement of 

financial market securities to one particular continuous-time process called Brownian 

motion. 

5.1.1 Brownian motion 

In 1827, the botanist Robert Brown observed and described the erratic motion of gas 

particles suspended in fluid. Later, in 1905, Albert Einstein proposed a mathematical 

theory of Brownian motion. Brownian motion was further developed and made more 

rigorous by Norbert Wiener in 1923. 

Defme a binomial process Wn (t), for n a positive integer and 

(i) W ,  (O)= 0 

(ii) layer spacing 1 1 n 

(iii) up and down jumps equal and of size 11 & 

(iv) a measure P, which describes up and down probabilities; let these be equal 

to 0.5 everywhere. 

Under these conditions, the process W,(t) is called a random walk and depicted in 

Figure 5.1. If X, , X,  , ... is a sequence of independent binomial random variables equal to 

+1 or -1 with equal probability, then the value of W, at the i-th step is defined by 

w w ( i 1 n ) = w n ( ( i - l ) / n ) + ~ , ( l l & )  ; i 2 1 .  



The first two steps of the process is illustrated in Figure 5.1. As n increases, the 

distribution of W, at time 1 tends towards the unit normal N (0,l) since Wn (1) is the sum 

1 
of n IID random variables, each with zero mean and variance - . The value of W, (t) is 

n 

"f 

then the same as W ,  (t) = & . By the central limit theorem, xi /& 
i=l 

tends towards a normal ~ ( 0 , l )  random variable. This means that the distribution of 

W, ( t )  tends to a normal N(0,t). All of the t marginal distributions tend to the same 

underlying normal structure. The next step in each random walk W, is independent both 

of where it currently is as well as all previous movements up to the present time. The 

distribution of Wa converges toward a process known as Brownian motion. Formally, 

the process W = (W, : t 2 0) is a P- Brownian motion if and only if 

(1) 

(ii) 

(ii) 

W, is continuous and W, = 0. Although W is continuous everywhere, it is 

nowhere differentiable. The function is so irregular that it is not smooth 

anywhere. Such a function changes its shape in the neighbourhood of any 

point in a completely non-predictable way. 

The value of W, is N (0, t) distributed under IF'. 

Increment y+, - W, is N(0,t) distributed under P and is independent of 

&, the history of the processes' behaviour as it unfolds up to time s. FS is 

called a$ltration. 

Brownian motion will eventually reach every real value no matter how large or small. It 

will eventually also return again to zero. Once the process hits a value, it idediately 

hits it infinitely often and then again from time-to-time in the future. Brownian motion is 

self-similar (fractal) and thus scale invariant: no matter on what scale it is examined, it 
. . 



looks the same. Figure 5.2 illustrates Brownian motion. Brownian motion is essentially 

a one-dimensional Gaussian process, often called a Wiener process. Brownian Motion, 

as is, is not sufficiently flexible for modeling global stock price behaviour. Even though 

Brownian motion wanders, it has mean zero while stocks usually grow at some rate, 

driven (at least) by inflation. Brownian motion may also be too noisy (or not noisy 

enough) when compared to stock price movements. Remembering that Brownian motion 

can go negative but stock prices never can, an exponential function may be introduced. 

Incorporating a growth factor p and a noise factor u , results in an adjusted process of 

the form S, = exp(@ + uW;). This is called exponential Brownian motion or geometric 

Brownian motion with drift. It is commonly accepted that most asset prices can be 

modeled by solutions of stochastic differential equations which are driven by Brownian 

motion. Brownian motion effectively models the fluctuations of financial markets, i.e 

independent movements up and down on disjoint time intervals. It is these fluctuations 

which best represent market information. 

Time 0 Time I/n Time 2111 

Figure 5.1 

The first two time steps of random walk Wn . 



Brownian Motion 

Figure 5.2 

The jagged, self-similar path of Brownian Motion. 

5.1.2 An Ito Processes 

An Ito process is a special kind of stochastic process, X, which is defined as a continuous 

process (x, :r > 0) such that X,  can be written as X, = X0 + j P s d s  + j u s d W .  , where 
0 0 

, 
pand u are random F-  re visible processes such that J(uf +(pSl)ds is finite for all 

0 

times t ,  with probability 1. The differential from of this equation can be written 

OX, = p,dt +u,dW, . A F-previsible process is a process whose value at any given time i, 

is dependent only on the history of the process up to time i -1, namely Fi -1. Generally, 

it is not sensible to define the value that a previsible process has at time zero. 

Differentiable functions are built from straight line segments and Newtonian calculus is 

the formal recognition of this. The self-similarity of Brownian motion, however, means 

that smaller segments are themselves Brownian motion and do not reduce to straight lines 



at microscopic level. The unbounded variation and non-differentiability of Brownian 

motion paths are the major reasons for the failure of classical differentiation methods 

when applied to these paths. Fortunately, general random processes for stock market 

behaviour can be built from both straight line segments and small segments of Brownian 

motion. A stochastic process, X, will have both a Newtonian term based on dt (a time 

interval of infinitesimal length) and a Brownian motion term based on the infinitesimal 

increment of W,dW,. Incorporating the drift and noise into X, the infinitesimal change of 

X, is 

dX, = p,dt + u , d T  (5.1) 

Equation 5.1 is called a stochastic differential. The drift p, and noise u, can depend on 

the time but they can also be random and depend on values that X (or W) took, up until 

time t.  Such processes whose values at time t can depend on the history F,, but not on the 

future, are called adapted processes to the filtration 3 of the Brownian motion W. u, is 

the volatility of the process X at time t and p, is the drift. In the special case when p and 

u depend on W only through X,  , such that a ,  = u ( X , , t ) ,  where u ( x , t )  is a 

deterministic function, the equation 

is called a stochastic differential equation (SDE) for X. An SDE may not have a solution, 

and if it does it is often times not unique. Intuitive integration is not enough for 

determining the solution to SDEs. It requires a departure from Newtonian differentials 

formalised by the Chinese mathematician Kazuhito Ito in 1951 and referred to as Ito's 

rule or Ito's lemma. 

In stochastic environments, a formal notion of derivatives does not exist. Shocks to asset 

prices are assumed to be unpredictable and in continuous time they become too erratic. 

The resulting asset prices may be continuous but they zre not smooth. Stochastic 



differentials need to be used in place of derivatives. Ito's rule provides an analytical 

formula that simplifies handling stochastic differentials and leads to explicit 

computations. 

The stochastic version of the chain rule of differentiation, namely 

for a function F(S, , t )  which depends on two variables S, and t, is known as Ito's 

lemma. The lemma states that if X is a stochastic process satisfymg dX, = p,dt +u,d& , 

and f is some deterministic, twice continuously differentiable function, then 7 = f ( t ,  X , )  

is also a stochastic function given by 

The lemma is used primarily to generate SDEs from a functional expression for a 

process. For the exponential Brownian motion process 

X ,  = exp(@ +OW,) 

let I;=@+u& 

and let g be the exponential function g ( t ,  x) = ex.  Then I; can be differentiated to obtain 

dI; = pdt +udW,. 

Furthermore X,  = g ( t ,  I ; )  so that Ito's lemma results in 

u2 
dX, =ug,( t , I ;)d&+ ~ g , ( t , ~ : ) + ~ g , ( t ~ I ; )  dt I (5.4) 

From the exponential function X I  = g ( t ,  7 )  = g, ( t ,  I ; )  = g,  ( t ,  I ; )  and g, ( t ,  I ; )  = O 

that Equation 5.4 may be rewritten as dX, = X I  . The variable u is 



the log-volatility of the process because it is the volatility of lnX, . It is, however, 

abbreviated to simply volatility notwithstanding the term's existing definition. 

Ito's formula thus provides a tool for obtaining stochastic differentials for functions of 

random processes. But it can also be applied in the reverse situation, i.e. to convert SDEs 

to processes. Some SDEs can be solved with Ito but others may prove to be too complex. 

Surprisingly also, even though Ito's formula was introduced as a tool to deal with 

stochastic differentials, the lemma is useful in evaluating Ito integrals. The reason for 

this is that stochastic calculus is different from ordinary calculus where integral and 

derivative are separately defined and then related by the fundamental theorem of 

calculus. The differential notation of stochastic calculus is really a short hand for Ito 

integrals over small time intervals. 

5.2 The Change of the Underlying Probability Measure 

Ito's lemma is probably the most important tool for manipulating stochastic processes 

and in particular the manipulation of differentials of Brownian motion. W, , as defined 

above, is not strictly Brownian motion per se, but rather a Brownian motion process with 

respect to some measure P. The stochastic differential of Equation 5.2 thus describes the 

behaviour of the process X with respect to the measure P that makes a Brownian 

motion. Essentially, the main idea of the change of measure consists of introducing a 

new probability measure via a so-called density function which is in general not a 

probability density function. 

Brownian motion changes in "easy and pleasant" ways under changes in measure. Baxter 

and Rennie (Baxter and Rennie, 1996: 63) illustrate that all that measure changes on 

Brownian motion can do is to change the drift. By extension through the differentials of 

Brownian motion, mapping of stochastic differentials under P to stochastic differentials 



under some other measure Q is natural and "pleasing". The Cameron-Martin-Girsanov 

theorem formally states that if q is a P-Brownian motion and y, is a F,previsible 

process satisfying the bounding condition 

This is the expectation under the original measure, P. Then there exists a measure Q 

such that 

(i) Q is equivalent to P. If P is absolutely continuous with respect to Q and Q is 

absolutely continuous with respect to P, then P and Q are equivalent probability 

measures. 

(iii) = + J y,ds is a Q -Brownian motion. 
0 

q is thus a drifting Q -Brownian motion with drift -7, at time t.  The Cameron-Martin- 

Girsanov theorem is a powerful tool for eliminating the drift term in a stochastic 

differential equation. 



5.3 Martingale Representation Theorem 

Martingale theory classifies observed time series according to the way they "trend". A 

stochastic process behaves like a martingale if its trajectories display no discemable 

trends or periodicities. This is the fundamental characteristic of martingales. Formally 

then, stochastic process M, is a martingale with respect to measure IP is and only if 

(i) E (JM, 1) < 

(ii) E(M,IF,) = M, 

A martingale is a stoc 

for all t 

for all s 5 t 

:hastic process whose expecte~ d future value, condition; 11 on the 

present state and all history, is merely equal to its present value. Its future movements 

are thus completely unpredictable, given the information set Fl. Suppose that M, is a 

Q-martingale process, whose volatility o, satisfies the additional condition that it is 

always non-zero.. Then, if N, is any other Q -martingale, there exists an F-previsible 

T 

process 4 such that ' J4:a:dt < cm with probability one, N can be written as 
0 

f 

N, = No + S 4 $ d ~ ,  . 4 will be unique. This implies that if there is a measure Q under 
0 

which M, is a Q -martingale, then any other Q -martingale can be represented in terms of 

M, . 4, is the ratio of their respective volatilities. 

A martingale is not expected to drift upward or downward. If a process X, is a P- 

martingale, then with a IP -Brownian motion, there is an F-previsible process 4, such 



that Xt = Xo + s m S d T  . This is the integral form of the increment dX, =m,dW which 
0 

has no drift term. Brownian motion is a martingale. 

Stock prices are not completely unpredictable and display clearly recognizable long-and 

short term "trends". Stock prices are thus likely to be sub- or super-martingales. A 

process that, on average, increases is called a sub-martingale whereas a process which 

decreases on average is a super-martingale. The Girsanov theorem discussed in Section 

5.2 above enables an arbitrary process to be converted into a martingale. A sample path 

of a martingale may still contain patterns that look like short-lived trends but these up and 

down trends are completely random and do not have any systematic character. 

Martingale theory is very rich and provides a stable environment for the analysis of 

stochastic variables in continuous time, imperative in the modeling of asset price 

behaviour. 

5.3.1 A Financial Model 

Ito's lemma, the Cameron-Martin-Girsanov theorem and the Martingale Representation 

theorem allow financial models to be constructed. The simplest but most popular model 

is 'the Black-Scholes model for the pricing of derivative assets. This model has its roots 

in Brownian motion. Fischer Black and Myron Scholes received the Nobel Prize in 

Economics for their breakthrough in this area. By means of an introduction to the Black- 

Scholes model, a number of technical definitions must be given: 

(a) A Portfolio 

Suppose that there is a market consisting of one random security and a riskless cash 

account or bond. A portfolio (4,+) is then a pair of processes 4, and $, which describe 

respectively the number of units of security and of the bond held at time t. The processes 

can take positive or negative values (allowing short selling of the stock or bond). The 



security component of the portfolio, 4 should be 3-previsible, depending only on 

information up to time t but not on t itself. Baxter and Rennie (1996) give an intuitive 

way to think about previsibility in this regard: if 4 is left-continuous (i.e. 43 tends to#! as 

s tends upward to t from below), then it means that 4 is previsible. However, if 4 were 

only right-continuous (4x tends to q51 only as s tends downwards to t from above), then 

4 need not be previsible. 

(b) Self-financing Strategies 

The description (c$~,$,) is a dynamic strategy which details the amount of each 

component to be held in the portfolio at each instant of time t. In particular, financially 

self-financing strategies play a role in the derivation of the Black-Scholes model. A 

portfolio is self-financing if and only if the change in its value over an infinitesimal time 

period depends only on the change in the value of the assets and not on any injection of 

cash. In differential form, this means that if (4,,$,) is a portfolio with stock price S, and 

bond price B, , then (4,, is self -financing if and only if 

(c) Replicating Strategy 

Keeping with the assumption of a market consisting of a riskless bond B and a risky 

security S which has volatility a, suppose also that there is a claim CT on events up to 

time T. A replicating strategy for CT is a self-financing portfolio (4, $) such that 

The claim C, gives the value of some derivative at time T. Thus, if there exists a 

replicating strategy ($,,$,) , then the price of C, at time t will be V,  =@St +11,B,. If the 

price at time t were lower, an arbitrage opportunity will exist: a market player could buy 

one unit of the derivative at time t and sell 4, units of S and units of B against it. This 



short position in the portfolio (4, $) will then be held until maturity of the derivative at 

-time T. Because (4,$) is self-financing and the portfolio is worth C, at time T with 

certainty, the long derivative position and the short portfolio will cancel out exactly at 

time T. The profit realized by the incorrect pricing at time t is guaranteed without any 

market risk. The arbitrage works in exactly the same way but in reverse order if the 

derivative price is higher than y .  Replicating strategies (if they exist and can be 

identified) are important because they imply the price of the claim C, everywhere, and 

not just at payoff time T. 

Figure 5.3 summarises the flow of application of these technical definitions as the first 

steps in understanding the Black-Scholes Model. 

1. Define a market model. 
Stock price process must be complex 
enough to resemble reality. 

2. Find replicating strategies for all 
useful claims X. 

If a solution to the Stochastic 
Differential Equation exists. 

Figure 5.3 

A Flow Diagram of Construction Strategies. 



5.4 The Black-Scholes Model 

Black and Scholes realized that the Brownian motion stock model (discussed in 

Section 5.1.1) can be changed into a martingale using the Cameron-Martin-Girsanov 

theorem. Then the martingale representation theorem can be applied to create a 

replicating strategy for any derivative claim CT . Ito's lemma lays down the rules for the 

manipulation of the resultant stochastic integrals. 

The basic Black-Scholes model posits the existence of a deterministic r, p and u such 

that the bond price B, and the stock price follow 

B, = exp ( r t )  

S, =So exp(pt +OF) 

where r is the riskless interest rate, u is the stock volatility and p is the drift of the stock. 

It is assumed that there are no transaction costs and that both instruments are freely and 

instantaneously tradable at the quoted price. The model for the behaviour of the stock, 

namely exponential Brownian motion, is simple enough to allow identification of 

replicating strategies but complex enough to be a plausible match for the real world. 

For simplicity, an assumption of zero interest rates is made. For an arbitrary claim CT , 

the payoff profile of which is known at time T, a replicating strategy (4,,+,) is sought. 

Three steps must be followed in order to find a replicating strategy for CT . 

1. Find a measure Q under which S, is a martingale. 

A stochastic differential equation (SDE) for S, must be found before the Cameron- 

Martin-Girsanov (C-M-R) theorem can be applied and before it is possible to ascertain 

whether S, is a Q -martingale for a given Q. The stock price follows an exponential 



Brownian motion, S, = So exp(pt + OW,). This means that the logarithm of the stock 

price, I; = log(S,) = @+OW, is simple Brownian motion with drift. The SDE for I; is 

dYj =pdt+odW,. Ito's lemma makes it possible to write down the SDE for 

S, = exp ( I ; )  as 

For S, to be a martingale, there can be no drift in the SDE of Equation (5.5). Letting 

o2 
P+T 

y, be a process with constant value y = , the C-M-R theorem says that there is a 
u 

measure Q such that W, = W, + yt is Q -Brownian motion. Substituting into Equation 

(5.9, the SDE becomes 

dS, = o ~ , d @  (5.6) 

which displays no drift so that St could be a .  Q -martingale. Since 

E [exp [i 1 o:dr]] < rn for constant o , S, must indeed be a martingale and Q is the 

martingale measure for S, . 

2. Form the process Et = EQ (X ( FJ 

For any claim Xdepending only on the events up to time T, the process Et = EQ (XI &) is 

a Q -martingale under the constraint that EQ (I X I) < a. 

3. Find a previsible process 4!, such that dE, = d,dS, 

Since there is a Q under which both E, and S, martingales, the martingale representation 

theorem can be invoked: there exists a previsible process r$rwhich constructs 



Et = EQ (X I F,) out of S t .  The volatility of S, , US, is positive because both a and S, 

are always constant. Thus 

f 

E , = E ~ ( X I  Z ) = E ~ ( X ) + J ~ P ,  (5.7) 
0 

and dEl = @,dS,. It thus follows from the martingale representation that given a Q 

that makes S, a Q -martingale with positive volatility, dE, = 4tdS, for some 4,. 

An applicable replicating strategy, ($,,$,) for the claim, C,, is to hold 4, units of stock 

at time t and to hold $, = E, -@, units of a bond at time t since the portfolio must be 

worth E, for all t. The value of the portfolio at time t is V ,  =@,St +$!B, = E, because 

the bond B, is always equal to 1. Th~s  means that dV, = dE,. From the martingale 

representation theorem, dE, = 4,dS,. dB, = 0 so that dV, = 4,dS, +gtdB,, which is the 

self-financing condition. The terminal value of the strategy V ,  is E, = C, which means 

that there exists a replicating strategy for the claim C, at all times. There is thus an 

arbitrage price (or a fair price free of arbitrage) for C,. In particular, at time zero the 

arbitrage price of C, is the value of portfolio (dl,$,) at time zero which is E, or 

EQ (C,) . Thus, the price of the claim C, is its expected value under the measure that 

makes the stock process S, a martingale. It is important to remember that this expectation 

is not the expectation of the claim with respect to the real measure of S, , i.e. the measure 

which makes S, exponential Brownian motion with drift /I and volatilitya . All the latter 

expectation gives is a long- term average of the claim's payout. It does not give a price 

for C,. Derivative prices for a particular claim can be determined by calculating the 

expected value of the claim under the martingale measure Q . 

Interested readers are referred to Baxter and Rennie (Baxter and Rennie, 1996) for the 

equivalent three step procedure for finding a replicating strategy when interest rates are 



not zero. In this case, the measure Q is not the measure which makes the stock a 

martingale, but the measure which makes the discounted stock a martingale. An 

arbitrage price of the claim is the expectation under Q of the discounted claim. 

In summary then, the Black-Scholes model for a continuously tradable stock St and bond 

B, assumes that, for constant parameters r, p and u , stock prices can be represented as 

St = So exp(uq + pt) with B, = exp(rt) . All claims CT , with maturity time T have 

associated replicating strategies (dl, g1) . The arbitrage price of such a claim is given by 

V,= BIEQ (c tBf l  / F t )  = exp(-r (T-t )) EQ(C~ ( Ft ) 

where Q is the martingale measure for the discounted stock B;'S, 

5.5 Call and Put Options 

A European call option is the right,.but not the obligation, to purchase a unit of stock for 

a predetermined price, k at a particular time, T. k is referred to as the strike price of the 

option. The value of this contingent claim is max(ST,O) =(ST - k)' at time T. In order 

to value this claim at t = 0 ,  the value of a replicating strategy, Vo , at t = 0 must be found. 

This is given by e-"E, ((s, - k)')  where Q is the martingale measure for B;'S, . The 

value (ST - k)' only depends on the stock price at expiry time T. In order to calculate 

the expectation of this claim, the marginal distribution of ST under Q must be 

determined. Considering the process S, written in terms of Q -Brownian motion % , 

d (logs,) = u d q  + r -- dt . Letting the stock price at time zero be represented by s I :I 
resultsin l o g S , = l o g s + u ~ +  t andthus S,=sxexp 

marginal distribution of ST is given by s times the exponential of a normal distribution 



T and varianceu'~ . Define Z - N 

S - x e(7+") , 
T -  Then the claim can be written as the expectation 

Per usual@(x)=(2~)' dy is the probability that a variable which is 
-x 

~ ( 0 , l )  distributed has a value less than x. Then 

Which is the Black-Scholes formula for the value of an European call option. Interested 

readers can.refer to Mikosch (Mikosch, 1998) for a derivation of the price of a put option. 

Naturally, put-call parity may also be used. 

5.6 Dividends 

In reality, companies often pay dividends and stock cannot always be treated as a pure 

asset. If the stock price S, follows the Black-Scholes model S, = So e x p ( ~ t  +uw,) and 

B, is a cash bond B, = exp(rt) for a fixed rate r, then a (continuous) dividend payment 

of 6S,dt is made in the time interval dt for a constant of proportionality, 6 .  A stock 

bought for So at time 0 is worth more than just the price of the stock at the time of sale, t .  

Total accumulated dividends must also be considered. Under the Black-Scholes model, 

dwidend accumulation will depend on the price path the stock has followed up to time t. 

The process S, must thus be translated to determine a new process involving cash 

payments and which is tradable. Baxter and Rennie (Baxter and Rennie, 1996) propose a 

portfolio which initially consists of one unit of stock costing So. Each time a dividend is 

paid, the cash amount received is immediately re-invested to purchase more of the same 

stock. The infinitesimal payout is 6S,dt per unit of stock, which will purchase 6dt more 



units of stock. At time t, the number of stock units held in the portfolio will be exp(&) 

and the portfolio will be worth 5, = So exp((p + 6) t +OW,). 

Under the assumption that dividend payments are a constant proportion of the stock price, 

a portfolio of stock and a bond, (dl,$,) can be rewritten as a portfolio of the re-invested 

- 
stock and a bond, ($,,$,) , where = e-6'+l and "adjusted value 

= +,S! +$,Bl = $,g, +$,B,. The self-financing equation retains the familiar form 

dV, = $,dS, +$,dB,. Translating the discounted reinvested stock = B,-'S, into a 

martingale, 2! has stochastic hfferential equation of the form 

(p+6+iu2-r)t , 
The measure Q under which q = + is Brownian motion, is such 

0 

that d2, = 0 2 ~ d q  . The martingale representation theorem is used to construct a strategy 

to hedge a claimX, maturing at date T. 1.e. there exists a previsible process 4, such that 

t 

E, = EQ (B<'XI F,) = EQ (B;'x) + J 4 s d ~  . Holding +,units of the translated asset S, 
0 

and $, = El -&2, units of the cash bond is equivalent to holding 4, = e6'$, units of 

stock S, and the same $ units of the bondB,. Consequently, 

S, = S, exp((r - 6 - 40') t + bR) is log-normally distributed unde; the martingale 

measure Q 



5.7 Justification of the Options Analogy 

Given the above discussion of the pricing of financial assets, the question arises as to 

whether these techniques can be justifiably applied to the valuation of real options for 

capital budgeting purposes. Financial options were valued on the basis of no-arbitrage 

market equilibrium, using portfolios of traded securities to replicate the payoff profiles. 

In capital budgeting, however, projects are not traded assets. Trigeorgis (2001) points out 

that DCF approaches attempt to determine what an asset or project would be worth ifit 

were traded. To do this, a traded twin security (with the same risk characteristics as the 

project) is identified and its expected rate of return is used as the appropriate discount 

rate for future expected cash flows of the project. The project's covariability with the 

market is thus estimated from the prices of one or twin securities using the CAPM. 

All that is needed for the options analogy to hold is the existence of sufficient substitutes. 

Assuming the existence of a substitute security, returns on a real option can, in principle, 

be replicated by purchasing shares of the twin security and borrowing at the risk free rate. 

The fair value of the option on a non-traded project must then be equal to the no-arbitrage 

value of the option on its twin security. Non-traded real assets may, however, earn a rate 

of return below thit of comparable traded securities to compensate for lack of liquidity 

and transparency. 

5.8 Limitations of the Options Analogy 

Although the analogy between real and financial options is close, it is not exact. 

Trigeorgis (Trigeorgis, 2001) lists the main differences under the following categories: 

1. Ownership and Competition 

A standard call option gives the holder an exclusive right to decide when and 

whether to exercise the option - there is no competition for the underlying asset. 

Some real options also provide holders with exclusive rights to exercise, 



uninhibited by competitive threats. All investment opportunities with high 

bamers to competitor entry are examples of real proprietary options; patents for 

developing a product that has no close substitutes, unique know-how of a 

technological process etc. However, certain types of investment opportunities 

may be jointly held by more than a single competitor. These real options are 

shared since they can be exercised by any one of a number of participants in the 

industry. Examples include the opportunity to introduce a new product 

unprotected by patents, licenses and guarantees or the opportunity to penetrate a 

new geographical market without barriers to competitive entry. The case study of 

this thesis focuses further on the issue of exclusive and non-exclusive ownersbp. 

2. Non-tradability and Preemption 

In efficient markets, both exchange-traded and over-the-counter (OTC) options 

can be freely traded with minimal costs. Real options and their underlying 

investment projects cannot be traded in such a manner. Although selected real 

options (such as investment opportunities related to patents and licensing 

agreements) may be traded, both the opportunity and financial costs may be 

prohibitive. Instead, real options may be left to expire worthless if a project is 

abandoned before the end of its life. Certain real options cannot be sold at all, 

especially if they are shared. For example, a company holding a real option 

shared by competitors cannot easily avoid anticipated losses in its value (often 

due to competitive entry) by simply selling the option. The only viable protection 

against such value loss is early investment on the company's part - it must 

preempt competitors by exercising its rights first. If the company anticipates an 

increase in demand (and hence increased competitor activity) it may immediately 

expand its production capacity in order to preempt the competitor. In the absence 

of such competition, however, it might be preferable to wait until the arrival of 

new information resolves uncertainty in product demand. 



3. Strategic Interdependencies 

Analogous to a compound fmancial option where the exercise of one option leads 

to another later maturing option kicking in, when certain types of real options are 

exercised the result is another discretionary investment opportunity. Their payoff 

is, in essence, another option. For example, an investment in R&D, a lease on an 

undeveloped tract of land with potential natural resource reserves, or the 

acquisition of an unrelated business entity is sometimes undertaken primarily for 

, the new opportunity that may be realized, rather than for the sake of immediate 

cash flows. This type of real option is a compound option. 

If the necessary adjustments can be made for ownership and competition issues, non- 

tradability, preemption and strategic interdependencies in real options if and when they 

exist, there appears to be no conceptual problem(s) in valuing real options in exactly the 

same way financial options are valued. 

5.9 Real Options and the Black-Scholes Formulation 

Armed with the Black-Scholes option(s) pricing methodology discussed above, the 

challenge now lies in constructing a synthetic option that captures the real strategic 

opportunities in a project. Thejrst step is to identzfi the real option. The second step is 

to establish a correspondence between the project's characteristics and thejve variables 

(S, X u, t and r) that determine the value of a jinancial option on a stock. Timothy 

Luehrman of the American Graduate School of International Management points out that 

the option we synthesize in this way is not a perfect substitute for the real opportunity, 

but it is indeed informative in its design and application. (Harvard Business Review, 

1998) The third and last step is toprice the option. 



5.9.1 The Correspondence between Financial and Real Options 

The Underlying Asset and the Spot Price 

A real call option confers upon the holder the right, but not the obligation to either 

take an action (i.e. defer an investment, expand 1 contract production, abandon a 

project etc) or to acquire the operating assets of a business. These actions or 

acquisitions represent the underlying assets of a real option. In the case of stock 

options, the stock price, S, is simply the market's estimate of the present value of 

all future cash flows. The real option(s) equivalent is thus the present value of 

cash inflows expected from the investment opportunity on which the option is 

purchased. The holder of a financial option on a single stock cannot readily 

influence the stock price in order to move it closer or further away from the strike 

price of the option. Even though the option's value is derived from the 

company's value, decisions about the option(s) will not change overali company 

value. The sheer size and liquidity of stock markets in general prevent this. With 

real options, however, the present value of expected cash inflows can be 

manipulated. This is simply due to the fact that many business decisions have a 

logical structure which is very similar to a financial option. For example, 

management of a company may decide to build a factory in order to produce a 

new brand of product. The costs involved in this project may be known and 

stable but demand for the brand itself wiil vary in a random way. The company 

effectively has a call option on whether and when to commence building the 

factory. The decision about this real option will alter the company's resources 

and value. Once production of the new brand commences, management has a 

certain degree of control over the "underlying asset" - they are able to increase 

revenues by, for example, raising prices or producing more of the product. If 

market reception of the brand is less than enthusiastic, company resources and 

value will be affected in an adverse manner. However, management will still 

have a degree of control because they may cut production or, if necessary, close 

the factory. 



The Strike Price 

Spending money to exploit a business opportunity is analogous to exercising a 

real option. It is the flexibility inherent in the opportunity (i.e. invest now or 

defer, alter the scale of operation, expand or contract construction andlor 

investment, shut operations down, abandon project, etc.) which gives the 

investment option-like characteristics. The amount spent to acquire such 

flexibility (i.e. the investment cost or capital expenditure) corresponds to the 

exercise or strike price, X The net present value of the underlying real asset is 

thus the present value of the asset's future income stream (net revenues less 

operating costs), less the exercise price. 

NPV = @resent value of assets) - (capital expenditure) 

Management's NPV calculations already contain the value of S and X necessary 

for real option valuation. An increase in the exercise price implies that 

flexibility becomes more expensive, thereby reducing the value of a real call 

option and increasing the value of the real put. 

Time to Expiry of the Option 

The length of time an investor can defer the investment decision without loosing 

the business opportunity represents the real option's time to expiry, t. It will 

depend on technology (life cycle of a product), competitive advantage (intensity 

of competition) and contracts (patents, leases and licenses). Option pricing 

recognizes that there is value in the right to postpone an investment decision. 

Payment later is preferable to payment sooner, all else being equal, since the 

time value of money may be earned on deferred expenditure. In addition, 

deferment allows the investor to wait for the arrival of new information before 

making the final decision. If the value of the operating assets an investor intends 

to obtain increases over time, the investment opportunity is not lost since the 

option is simply exercised. If value decreases, the investor avoids a poor 

investment by not exercising the option. Traditional NPV misses the extra value 



associated with deferral because it assumes that the investment decision is 

immediate. Options, on the other hand, are all about choice and option pricing 

technology provides a way to quantify the value of the choice to postpone a real 

or financial decision. Long-dated options are more valuable than short-term 

ones since there is more "time" for the holder to benefit from future upside 

uncertainties in the underlying asset. Some financial options, however, have no 

fixed maturity date. These are referred to as perpetual options. Except for 

options to develop land, perpetual options on real assets are rare. Most real 

investment opportunities are short lived due to competitor action, the speed of 

innovation and technical change. 

Real options can be American or European by nature and sometimes even a mix 

of the two. Howell (Howell ,2001) notes that investment in the distribution of a 

(potentially profitable) drug can only commence (by law) once clinical drug 

trials have been completed. So even though the fixed time delay, before 

exercise of a real option to invest, gives this option a European flavour, the 

holder probably also has the flexibility to wait a while and consider the market 

and strategic implications of the distribution of the drug before making a final 

decision whether to invest (usually a substantial amount of money) or not. This 

type of real option thus has both European and deferred American option-type 

characteristics. 

Volatility 

The riskiness of a (real) project is reflected by the uncertainty about the value of 

the project's future cash flows and corresponds to the standard deviation of 

financial stock returns u. Having the flexibility to defer, stage, alter the 

operating scale, abandon or grow projects becomes that much more valuable 

when the project's outcome is highly uncertain. This is a crucial difference 

between NPV analysis and option pricing methodology in valuing capital 

budgeting and investment projects. The more uncertainty surrounding a 

project's future cash flows, the higher the discount rate used in Equation (2.2). 



The higher the discount rate, the lower the NPV of the project and the more 

likely the project is to be rejected. NPV analysis thus assumes that uncertainty 

has a negative effect on project value. However, the greater the uncertainty 

surrounding expected future returns, the higher the chances for realising above 

average profits or losses. An option, with its asymmetric nature, has exposure 

only to the upside with downside protection. This effectively allows the holder 

to exercise at a profitable time whlle backing out when things go wrong. An 

option (financial or real) will thus be worth more if volatility is expected to be 

high and less if volatility is low - exactly the opposite to the way NPV analysis 

handles volatility. 

Figures 5.4 (a) and (b) illustrate how an increase in volatility increases the value 

of an option. In Figure 5.4(a) two possible distributions of outcomes overlay the 

option profile. When volatility is high, the distribution of outcomes is wider, 

creating more outcomes with positive payoff. Higher volatility naturally also 

leads to a higher chance of negative outcomes, but losses are limited by the 

asymmetric structure of the option. Figure 5.4(b) demonstrates how this one- 

sided effect increases the value of the option. 

Figure 5.4 (a) 

Volatility and Option Value. Source: Amram and Kulatilaka (1999) 
. . 



Payoff and 
Current 
Value of 
Option 

Value of Underlying Asset at Decision Date 

Figure 5.4 (b) 

The Payoff Function and the Current Value of the Option. 

Source: Amram & Kulatilaka, (1999). 

Estimating the volatility of the underlying real asset is challenging when no historical 

information on the project is available. This hurdle is overcome through the use of 

approximations. A Monte Carlo simulation of many possible future values of project cash 

flows may be generated. These values are part of a distribution of outcomes. The 

expected value of the project cash flows is represented by the mean of the distribution 

and its standard deviation, measuring the deviation of all generated outcomes about the 

mean, is an estimate of the project's volatility. Alternatively, the volatility of another, 

closely related, traded asset or portfolio of assets may be used to span or track the 

uncertainty in the real asset. This asset is referred to as a spanning asset, a twin security 

or a proxy. The appropriate use of spanning assets is discussed in detail by Dixit and 



Pindyck (Dixit and Pindyck, 1994) and Amram and Kulatilaka (Amram and Kulatilaka, 

1999). The case study, Chapters 6 and 7 of this thesis, demonstrates the power of 

spanning assets in real options pricing. Generally, the challenge of estimating project 

volatility should be viewed in a positive light. Identifying appropriate twin securities as 

proxies for unlisted and non-traded project value, forces both management and analysts 

to thmk laterally about the uncertainty surrounding a project; which factors drive that 

uncertainty and how it changes over time. 

Time Value of Money 

The time value of money is given by the market risk free rate of return, rf for 

both financial and real options. The exact specification of these input values will 

be unique for each individual project under consideration. 

Dividends 

The real options equivalent of dividend paying stock is a profit-generating 

investment. As soon as investment in a project commences, profits (may) 

accumulate. Profit will, however, be uncertain and vary according to a random 

walk. This is equivalent to receiving dividends from an underlying stock asset a 

soon as an American option to invest is exercised. If investment is delayed, 

there is thus a tradeoff between gaining more information and losing a profit 

opportunity. By waiting for the arrival of new information, unfavourable 

developments may be avoided before the option to invest expires. However, 

there is a cost to delaying investment in a project, once the net present value 

turns positive. Rights, licenses and guarantees may, for example, expire after a 

fixed period of time. Since these were the source of positive NPV, excess profit 

will begin to disappear as competitors step in. Each period of delayed 

investment translates into an equivalent loss of cash flows. In the case of a 

financial American-style call option on a dividend- paying stock, this resembles 

the trade-off between making capital gains from holding the option,.and making 

dividend gains from holding the stock through early exercise. 



Just like financial options, the intrinsic value of a real option is the maximum of 

zero and value it would have if it were exercised immediately. The extra value 

which a real option has until expiry is referred to the time value of the option. 

The longer the life of an option generally, the greater the time value will be. 

Time value of a real option is the greatest when the option is at-the-money. 

When a project has an expected NPV of zero, it is on the borderline of being 

profitable or not. An option holder derives maximum value for being able to 

delay an investment at this point. Before expiry, the total value of the real 

option is the sum of its intrinsic and time value. 

Table 5.1 illus!xates this mapping of an investment opportunity onto a financial 

call option. Application of the Black-Scholes pricing methodology to real 

options not only offers a means of quantifying flexibility and managing 

uncertainty, but it also identifies the crucial issues for the maximization of 

option value. In highlighting a project's sensitivity to each variable in its unique 

contribution to overall project value, the Black-Scholes model is considerably 

more insightful that simple discounted cash flows analysis. 

[ Investment Opportunity I Call Option 1 Option Model Variable I 

be deferred. 
Time value of money. I Risk-free rate of return. I r,  

Present value of a project's 
operating assets to be 
aquired. 
Expenditure required to 
acquire project assets. 
Length of time decision may 

I investment. 
Table 5.1 

Stock price. 

Exercise price. 

Time to expiry. 

I I 

Riskiness of project assets. I Variance of stock returns I u2 

Linking Real Options to the Black-Scholes Model. Source: Luehrman, 1998. 
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t 

Profit generated from an Dividend. 4 



5.10 Summary 

Although the Black-Scholes model is a simplification of the actual price dynamics of 

financial securities, it is intuitive enough for practitioners to be able to use with ease. Its 

beauty, and, at the same time its disadvantage, is that it requires only a small number of 

parameters to describe the basic aspects of asset prices and the prices of derivative 

securities based on those assets. But option valuation does not end with the Black- 

Scholes model. For complex cases, numerical solutions are used. These methods 

calculate a large area of the valuation surface and follow backward induction calculations 

which commence at some known payoff function at expiry of the option. The next 

chapter discusses the most popular numerical technique for (real and financial) option 

valuation. 



CHAPTER 6 
NUMERICAL METHODS 

"Never again will a single story be told as though it is the only one" 

John Berger, 

This chapter introduces a numerical solution to real option pricing and focuses in 

particular on the multiplicative binomial process. This is a very popular techmque for 

more complicated real options problems and thus warrants an introductory discussion. In 

addition to the valuation using the Black-Scholes model, Peppadew's real assets are also 

valued using a binomial tree. The latter valuation is attached as an Appendix for perusal 

by interested readers. The tree method comes to the fore again when a funding strategy 

for Peppadew is engineered in Chapter 9. 

6.1 Numerical Methods of Option Valuation 

Numerical methods are used for valuing real options when analytical solutions are not 

available. To implement numerical methods for solving the Black-Scholes PDE (with 

given boundary conditions), the Black-Scholes equation must first be linearised using 

Taylor's theorem. This means that the curved solution surface is approximated by a 

piece-wise linear problem. The linear problem is then evaluated over short discrete 

increments of asset price and time. Numerical integration and finite difference methods 

follow this route. However, when it is difficult to write down a set of partial differential 

equations describing the underlying process, the stochastic behaviour of the underlying 

asset may be simulated directly through different approximations. Various lattice 

approaches and Monte Carlo simulation are examples hereof. Binomial lattices (easily 

extended to the trinomial case) and finite difference methods will now be discussed since 

they are most commonly used for real option analysis. 



6.2 The Multiplicative Binomial Process 

For the Black-Scholes approximation of Chapter 5, the underlying stock price S was 

described by geometric Brownian motion with drift. This diffusion process can be 

replicated by a multiplicative binomial process in discrete time. A binomial model of 

possible movements of S must then converge to the continuous log-normal distribution 

underlying the process of Equation 5.1 as the number of time steps between trades tends 

to infinity. Mathematically, convergence can be achieved in a number of ways, two of 

which are popularly used in practice. Either 

(1) The risk neutral probabilities of a rise or a fall in the price of S can be 

taken as equal. Formulae are then derived which give unequal 

proportional price movements or, 

(2) The price of S can be made to move up or down by the same proportion, in 

which case formulae are derived that give unequal risk-neutral 

probabilities of those price movements. 

With a sufficiently large number of time steps, these two alternative models converge to 

deliver a single, correct option value. However, they diverge significantly when using a 

small number of time steps. The model of unequal probabilities (alternative number two 

above) was first introduced by Cox, Ross and Rubenstein in 1979. The same principles 

of arbitrage pricing used for the Black-Scholes approximation apply to the bhomial 

model. It will function in a risk-neutral world where the option value derived will be the 

same as in the true, risky world. (1.e. an option can be valued using only the risk-free 

rate). The underlying asset's stochastic process is approximated using basic algebra and 

probability theory. Once the value of the underlying asset has been modeled, the option 

may be valued starting at the end of the tree and working backwards in a recursive 

manner. 

For the discrete time process, the underlying stock price, S, at the beginning of a given 

period may increase by a multiplicative factor, u,  with probabilityp to Su or decrease (by 



a factor d) with probability (1 - p) to Sd at the end of the period. The proportional 

upward and downward movements are the "step lengths" in the random walk. The 

multiples u and d are chosen such that the price reached after an upward movement 

followed, by a downward movement, Sud, is the same as that reached after a downward 

movement followed by an upward movements, Sdu. In the CRR model, this means that 

1 
d = -. The tree is then said to recombine, reducing the number of nodes in the overall 

U 

tree. The present node in the tree has no memory of the particular sequence of upward 

and downward jumps by which it has been reached. Such trees are computationally 

elegant to work with even though stock prices are not trees. It is sufficient to remember 

that there is more than one path to the final nodes. 

The stock price S follows a stationary multiplicative binomial process described by 

Stock Price Moves Up to Su 
9/' 

Current Stock Price, S 
&Stock Price Move. Down to Sd 

Figure 6.1 illustrates how the binomial model leads to a lattice of stock prices that mimics 

the underlying stochastic process. This is commonly known as a binomial tree with 

successive moves or outcome branches called nodes. 

Suppose that the life of the option on a non-dividend paying stock is divided into n 

subintervals of length At.  At time iAt , (i + 1) stock prices SuJd'-' for 0 5 i 5 n and 

0 5 j 5 i originate. The second node, 2At,  in Figure 6.1, has three possible values: 

Suu = Su2, Sud = Sdu or Sdd = sd2  . The binomial variable in this application is the 

number of up moves. The sequence uu = uZhas two up moves (successes) out of two 

jumps. There is only one way to realise two successes in two trails (top most ndde) and 

this occurs with probabilityp2. The sequence dd = d2 has zero successes with 

probability (1 - p)2. . . 



Suuuu 

Suuud 

Suudd 

Sdddu 

Sdddd 

Figure 6.1 
Stock Price Movement illustrated as a Binomial Tree. 

However, the sequence ud=du has one up move out of two jumps. The number of ways 

to realise one success in two mals is given by 2! = 2 .  The graphical [;I= 1!(2-l)! 

representation of the tree confirms this. The probability of achieving one success in two 

moves is equal to p(1- p) . 

For all nodes in the tree, the probability that the stock will take j independent upward 

jumps in i steps, each with risk neutral probabilityp is given by 

i! . . 
p ( j )  = pJ(~-py- l  

j!(i- j)! 



Note that the stock price itself is not assumed to be a binomial random variable. Rather, 

it is a function of a binomial variable, of u, d and the initial stock price, S, in a short 

period of time. The ability to choose the value of these parameters allows for various 

distributional approximations of stock price behaviour. The parameters u, d and p are 

chosen in such a way that the expected return from the stock is pAt and the variance of 

return is a2At, in a small time interval At. There is no single correct formula for u, d 

andp. The popular CRR model, however, suggests 

erat - d 
P =  

u - d  

Using the same notation throughout, r represents the risk-free rate of return. The key to 

calculating u and d is the standard deviation or volatility of the underlying asset, S. 

Although it is unknown exactly how asset prices will change, standard deviation gives a 

good idea of how volatile they will be. As in the continuous time random walk, variance 

must be linear in time since successive increments of time must produce independent 

variations in S. That is, S must follow a random walk in order to model prices in a 

perfectly competitive market. The standard deviation of proportional changes in stock 

prices grows larger over time, but at a decreasing rate. As an approximation then, the 

volatility of a stock price is equal to the standard deviation of the continuously 

compounded return provided by the stock in one year. Thus, the variables u and d 

represent the continuously compounded rate of retum if the stock price moves up and 

down respectively. 

In the continuous-time limit, as the number of periods, n, approaches infinity, the 

binomial distribution function in Equation 6.2 will converge to the standard normal 

distribution function. It proves simple to ensure that the discrete binomial distribution, 

which has only two points, will have the same mean and variance as a chosen normal 

distribution with mean p and variance a2 : only one point at p + a and one at p - a is 



needed. The mean of these two points is clearly ,u , as required. As for their variance, 

each of the two points deviates from p by u , so that each of their squared deviations 

from p is u2 . This is also the mean of their squared deviations, which is the variance of 

the two points, as required. 

The variance of the binomial model should imitate the variance of the continuous random 

walk in order to estimate 

(1) How wide a range of likely end states it is worth considering in the 

model, and 

(2) How fine the subdivision of the possible value differences ought to be 

included within this range. 

The binomial model thus utilizes the variance to determine the size (and not the 

probability) of the possible up and down movements of S (viewed as multiplications of 

5'). Because of the possibility of delta hedging over infinitesimal periods of time, the 

model becomes indifferent to the actual probabilities that S will move either upward or 

downward at each step; hence the indifference to drift or trend. 

6.3 Option Pricing using a Binomial Lattice 

Options are evaluated by starting at the end of the tree and working backwards. The 

mechanics can be visualized as a folding back through the life of the option until the 

current price can be determined. Let V, be the value of an option at node(i, j )  at time 

iAt when the stock price is Su'di-' for 0 5 i 5 n and 0 5 j 5 i . As defined above, j 

denotes the number of independent upward jumps the stock will make in i steps. Then, 

at expiration, 



V ,  = max [su'dn-' - X,O] for a call option 

(6.4) 

V, = m a x [ ~  -su'~"-',o] for a put option, 0 5 j n . 

The "probability" of jumping from node (i, j )  at time iAt to node (i + I, j+ l )  at time 

(i +l)At is denoted by p and calculated from Equation (6.3). In the same manner, (1-p) 

is the "probability" of a down jump from node (i, j )  at time iAt to node (i+l, j )  at 

time(i+l)At . The literature takes care to stress the fact that if p and (1- p)  are 

interpreted as "risk-neutral probabilities", it is important to keep in mind that these 

"probabilities" will in general have no relationship to the actual probabilities of upward 

and downward movements of S. They are simply the probabilities that the option's 

payoff, after up and down movements of S, would have to have if risk neutral investors 

(who do not hedge but act on probabilities) are assumed to reach the same valuations as 

risk-averse investors (who do hedge, but ignore probabilities). Many authors thus prefer 

to replace the term "risk-neutral probability" with "risk-eliminating weighting". 

The value of y, at node (i, j) is then calculated as the present value of the expected 

option price in time (i + 1)At . That is, the summation of all possible option values at the 

ultimate node, multiplied by the risk-eliminating weightings and discounted at the 

(continuously compounded) risk free rate of interest. 

for O l i l n - 1  and O < i <  j 

For American style options, where early exercise is a possibility, the option value at each 

node is compared with the option's intrinsic value. Per definition, the intrinsic value of 

an option is the value realized if the option should be exercised immediately. In this 

event. 



F, = max { X  - ~u'd'-',e-'~' [p?,,, + (1 - P )  K+,, '1) 

for a put option, since it is never optimal to exercise an American call option early. 

The binomial tree approach is invaluable for the pricing of real options since its basic 

structure allows for testing of contingencies at each node. As such, it is particularly 

useful in analyzing complex sequential investment decisions when uncertainty is resolved 

at distinct, discrete points in time. The value of the option can be determined in a 

relatively straightfonvard way and the backward calculation captures the effect of early 

exercise possibilities. At subsequent nodes throughout the tree, managers and investors 

are afforded a means of continual re-evaluation as the underlying asset evolves and 

related options values are calculated. The flexibility to exercise an option at any time in 

order to lock in profit or prevent disaster is a valuable asset in any capital budgeting 

project. 

There is no set rule as to which of the above (or any other) option pricing methodology 

ought to be applied when valuing real options. The type of real asset and applicable 

option under consideration, as well as the quality of the data available will determine 

which methodology would be best suited. This is illustrated in the case study of 

Chapter 8. 

Chapter 9 illustrates the use of a Binomial Interest Rate Tree for the purposes of pricing a 

fixed income security. In much the same way as the tree discussed above is a discrete- 

time representation of the process followed by a stock price, an interest rate tree is a 

discrete-time representation of the stochastic process of interest rates. The main 

difference between interest rate trees and stock price trees lies in the discounting process. 

In a stock price tree, the discount rate is usually assumed to be the same at each node 

while the discount factor varies from node to node in an interest rate tree. 



6.4 Summary 

There are three basic numerical methods for option valuation - Monte Carlo simulation, 

tree or lattice approaches and finite difference methods - all rooted in the random walk 

theory. Of these, the tree and finite difference methods are applicable to common real 

option valuation problems. Trees model the possible future prices of an asset upon which 

there is an option. Starting from a single present price, it is usually assumed that the 

asset's price can change in a series of equal time steps. At each step, the price can move 

only to a set number of new prices; commonly two or three. Option values throughout 

the tree can be found using the concepts of discounting and probability. 



CHAPTER 7 

THE PITFALLS OF REAL OPTIONS 

'....noise is a fact of life. It does not make valuation less useful ... 
So take advantage of uncertainty to create value." 

Aswath Damodaran 

Moving away from tradtional analysis to embrace a new train of thought always involves 

the risk of misappropriation. This chapter aims to highlight some of the risks involved in 

real options analysis. 

7.1 The Pitfalls of Real Options Analysis 

The academic literature is full of examples of real options analysis that generate powerful 

and important hut nevertheless counter-intuitive recommendations whenever the future is 

unforecastable. Refer specifically to Howell et a1 (Howell et al, 2001), Trigeorgis 

(Trigeorgis, 2002) and Damodaran (Damodaran, 2001). Like any new technique, it is 

sure to be over-hyped, misunderstood and misapplied. It is thus vital to be aware of when 

real option analysis can and should be used and under which conditions it would be futile. 

The most fundamental assumption of real options analysis is that the relevant 

uncertainties follow a random walk. In general, the less perfectly competitive markets 

are, the less likely it is that market values will evolve randomly and unaffected by 

business decisions. Markets should be large and efficient enough to absorb all trading 

activity smoothly. In the extreme, where the activities of a small number of players can 

dominate financial markets for extended periods of time (oligopoly), competitive game 

theory may supplement real options analysis or even replace it altogether. There are 

special conditions under which game theory prescribes that competitors should 



deliberately take random decisions, and there are other condtions in which competitive 

_economics derives values very similar to those of standard option theory. 

Overestimation of the option due to incorrect estimates of the volatility of the real 

underlying asset must also be guarded against. This type of mistake can be avoided by 

fully using market information to arrive at input values for the real options analysis. It is 

vital to make many sanity checks as the analysis progresses to ensure that the final result 

is economically rational. Most experienced analysts and business managers will quickly 

detect a flaw in logic - whether in parameter specification, application or calculation of 

the real options. 

Damodaran (Damodaran, 2001) gives three basic guidelines to be kept in mind when 

assessing whether an investment creates valuable options that need to be analyzed and 

valued: 

1. The first investment must be a pre- requisite for later investment /expansion. 

If this is not so, the question arises as to how necessary the first investment really is. The 

analysis of the value of a patent or the value of an undeveloped oil reserve as a real 

option is given as an example. A company cannot generate patents without investing in 

research. It cannot get rights to an undeveloped oil reserve without bidding for it at a 

government auction or buying it from another oil company. In these two cases, the initial 

investment (spending on R&D, bidding at the auction) is required for the firm to have the 

second option to grow and expand. But investment in a store with an option to expand 

into the offshore market later, is a different issue altogether. The initial store investment 

will provide the investor with information about market potential, without which helshe 

is unwilling to expand into the larger market. However, unlike in the case of the patent 

and undeveloped reserves, the initial investment is not a pre-requisite for the second 

investment, though it might be viewed as such. The connection gets even weaker when 

considering the acquisition of one firm by another with the option to capture larger or 

related market share. For example, acquiring an internet service provider in order to have 

a foothold in the internet retailing market, or buying a Brazilian brewery to preserve the 

option to enter the Brazilian beer market. In such cases, the initial investment is not 



necessary at all and could cost a lot of money without any derived benefit. 1.e. the 

Brazilian beer market can be entered with a brewer's existing product without incurring 

the additional costs of actually purchasing another brewery. 

2. A company must have an exclusive right to the later investment/expansion. 

If it does not, the initial investment must at least provide the firm with significant 

competitive advantages on subsequent investments. The value of the option ultimately 

derives not from the cash flows generated by the second and subsequent investments, but 

from the potential for excess returns generated by these cash flows. The greater the 

potential for excess returns on later investments, the greater the value of the option in the 

first investment. At one extreme, consider investing in research and development to 

acquire a patent. The patent gives the firm that owns it exclusive rights to produce the 

product. If the market potential is large, the potential for the excess returns is large and 

the option to invest is valuable. At the other extreme, the firm might get no competitive 

advantages on subsequent investments. In this event, it is questionable as to whether 

there can be any excess returns on these investments. In reality, most investments will fall 

in the continuum between these two extremes, with greater competitive advantages being 

associated with higher excess returns and larger option values. 

3. The competitive advantage(s) which a company may have must be sustainable for 

a period of time. 

In a competitive market place, excess returns attract competitors, and competition drives 

out excess returns. The more sustainable the competitive advantage(s), the greater will be 

the value of the options embedded in the initial investment. The sustainability of 

competitive advantages is a function of two forces. The first is the nature of the 

competition; all else being equal, competitive advantages fade much more quickly in 

sectors where there are aggressive competitors. The second is the nature of the 

competitive advantage . If the resource controlled by the firm is finite and scarce (as is 

the case with natural resource reserves and vacant land), the competitive advantage is 

likely to be sustainable for longer periods. Alternatively, if the competitive advantage 

comes from being the first mover in a market or technological expertise, it will come 



under assault far sooner. The most direct way of reflecting this in the value of the option 

is in its life; the life of the option can be set to the period of competitive advantage and 

only the excess returns earned over this period counts towards the value of the option. 

Although carefully constructed real option valuations result in higher and more effective 

valuations than does traditional NPV, it may still differ significantly from the value the 

market would place upon a business or project at a particular point in time. Examples of 

this have been noted in the valuation of oil reserves and real estate development projects 

(Pate1 et al, 1999). These case studies highlight the fact that "rational" investors may 

assign vastly different values to strategic options than would the analyst who aims to rely 

on cold facts only. In such cases, the motto that "the market is always right" may be used 

to double check whether real options analysis is the best tool to use under the given 

circumstances. Real options analysis is not a self-fulfilling prophecy and it is better to 

walk away if it fails than to spend huge amounts of money pursuing a lost cause. 

7.2 Summary 

When real options are used to justify a decision, the justification has to he in more than 

qualitative terms. Business managers who want to invest in a project with poor returns 

andlor negative NPV, or who are willing to pay a premium on an acquisition on the basis 

of a real options analysis, should be required to accurately value such real options and 

illustrate that the economic benefits exceed the costs. This must be done in the presence 

of all the difficulties real options analysis presents in terms of parameter estimation and 

validation. Although there is opposition to this argument, a noisy estimate is better than 

no estimate at all. The process of quantitatively trying to estimate the value of a real 

option is the first step to understanding what drives it value. 



CHAPTER 8 

REAL OPTION VALUATION OF PEPPADEW INTERNATIONAL 

"The process of scientific discovery is, in effect, a continual flight from wonder." 

Albert Einstein 

8.1 Introduction and Background 

Peppadew- is a sweet piquant6 (pronounced pee-caahn-teh) pepper with a very unique 

taste when processed. It is the first new fruit to be launched in 26 years since the 

discovery of Kiwi fruit in 1977. Pappadew- is part of the family Solanacea, genus 

Capsicum Annuum and variant Piquante'. It has a peppery taste, yet is as sweet and 

tantalizing as the morning dew. 

In 1990, Johan Steenkamp, a businessman and farmer in the Eastern Cape region of 

South Africa, noticed an unusual bush growing in his garden. It stood chest high and 

bore bright red fruit whjch resembled a sweet pepper but was the size of a cherry tomato. 

It tasted both peppery-sweet and had a very unique flavour. Itis only after the fruit has 

been processed in a selective and secret manner that its distinctive hot-sweet and spicy 

flavour emerges. This discerns Peppadew- from other pepper varieties. 

In the latter part of 1990, the department of Agriculture in South Africa conducted a 

worldwide search and determined that the plant had not previously been described. It is 

believed that the seeds could have possibly been deposited in South Africa by migrating 

flocks from South America. Johan Steenkamp had the foresight to apply for plant 

breeder rights within the SADC countries of Southern Africa, the European Union, 

Australia and the United States. This gave him sole international rights to commercially 

grow, and sell the fruit; He also obtained an international processing patent for the fruit - 

it is in this form that consumers across the globe are enjoying the unique flavour of 



Peppadew™ piquante peppers. The whole processed Peppadew™ fruit as well as its

derivatives has been extremely well received by retail markets locally and abroad.

Popularity of the many food and cooking programs and magazines that flood the market

currentlyhas aided the tremendousdemand for Peppadew™products.

Figures 8.1 to 8.3 illustrate the flower and fruit of the Peppadew™plant. Figures 8.4

and 8.5 illustrate the processedfruit as retail products.

Figure 8.1

The Peppadew Flower and Fruit.

Figure 8.2

Harvesting the Crop.
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Figure8.3

WashingFruit at the Factory

Figure 8.4

WholeSweetPiquante Peppers.

igure 8.5

A Varietyof Peppadew'sdelicioussauces.
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The substance that makes a pepper hot is called capsaicin and its highest concentration is 

found in the ribs of the pepper. It is medically known for increasing human blood 

circulation and metabolism. The heat of a chili pepper is measured in Scoville units. In 

1912, Wilbur Scoville blended ground chili peppers with a sugar-water solution and 

diluted the mixture until it no longer burnt the mouth. The Scoville unit number was 

based on how much dilution was needed before the bum was tamed. Today, however, 

the heat of chili peppers is determined through liquid chromatography. This entails the 

chemical separation of substances through absorbing materials. Bell peppers (commonly 

known as green peppers in South Africa) measure zero Scoville units and the fiery 

Habanero pepper measures roughly 300 000 Scoville units. The heat of a Peppadewme 

pepper is around 15 000 Scoville units, approximately half that of the hot Jalapeno chili. 

With most hot chilies, the tasting of heat in the mouth takes some time. Once in effect, it 

lingers for a period of time, effectively paralysing the taste buds. Other flavours cannot 

easily be discerned during this time. The processed PeppadewTM pepper gives a quick 

taste of heat which dissipates rapidly, leaving a light chili and crisp fruity flavour in the 

mouth. Figure 8.6 illustrates the heat profile of PeppadewTM piquante peppers versus a 

normal chili. 

Peppadewm is a local and international brand name. In addition to South Africa, where 

major retailers Woolworths and Pick'n Pay are PeppadewTM customers, markets have 

also been established in the UK, USA and Canada, Japan, Switzerland, Scandinavia, 

Switzerland, Italy and Germany. 



1 Peppadew 

I 0 1 2 3 4 5 

Time period of approximately 5 minutes 

Red Pepperoni 
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Time period of approximately 5 minutes 

Figure 8.6 

Comparing the heat distribution of Peppadew to a standard hot pepper. 

8.2 Company and Ownership Structure 

International plant breeder rights for Peppadewm piquante peppers are held by Piquante 

International Ltd. Piquant6 International is registered in the British Virgin Isles and is 

responsible for maintaining and protecting the intellectual property surrounding Piquant6 

peppers. PeppadewTM International (Pty) Ltd (referred to as Peppadew) is a South 



African based company. Worldwide, it alone is licensed to grow and sell piquant6 

peppers commercially. 

Denny Mushrooms (Pty) Ltd, the largest producer of fresh and processed mushrooms in 

Africa, owns 89% of Peppadew. Denny also holds 50% plus one share of Piquante 

International. Founder Johan Steenkamp has retained 10% ownership of Peppadew and 

50% minus one share in Piquante International. Listed in the bibliography are applicable 

websites for additional information regarding PeppadewTM, the company and its product. 

8 3  Purpose of the Analysis 

Peppadew has exclusive use of the local and international patents, tra demarks and plant 

breeder rights for sweet piquante peppers via a royalty agreement with Piquante 

International. The objective of this study is the valuation of intellectual property held by 

Peppadew and in particular, the patent and breeder rights. Real options analysis is 

employed to explicitly and quantitatively value these assets. The real options analysis 

complements the standard valuation performed for the company by an auditing fm. 

This offers both analysts and managers fresh insights into the valuation of non-financial 

assets held by privately owned companies with limited trading history. 

Raising funds for working capital purposes is a diMicult and time consuming exercise for 

small, non-investment grade companies like Peppadew. In addition to the lack of interest 

from large investors, lending rates are often crippling. This study also aims to illustrate 

that the results and insights obtained from the real options analysis can be used to affect 

an enhanced borrowing strategy for Peppadew. 



83.1 Data 

In September 2002, the auditing firm KPMG South Africa, undertook a valuation of 

Peppadew International and Piquant6 International. A copy of this valuation report 

appears in Appendix 11, with permission from the CEO of Denny Mushroom, Mr Richard 

Baker. The principal sources of information are historical financial statements for 

Peppadew, management accounts and forecasts, and interviews with company directors. 

(Refer KPMG Report, Appendix 11, Page 1, Section 1.2.1). Peppadew reports all figures 

in ZAR (the South African Rand) and revenue from all the geographical areas is reported 

together. 

Note : This study makes no attempt to justify or repudiate the data and information 

contained in the KPMG report. 

The majority of inputs used for the real option valuation has been directly adapted from 

the KPMG report. This ensures that the real option analysis remains comparable with the 

traditional DCF techniques applied by KPMG. Recognising the differences and 

commonalities of the two approaches adds insight to the analysis, highlighting the effects 

of uncertainty and its tradeoff with value. The aim is mainly to make the options way of 

thinking both understandable and acceptable to managers and investors alike. 

An information memorandum was prepared for Peppadew by Valbndge Trust in June 

2003. This document supplied detail relevant to the case study. Due to its volume, 

however, it has not been attached as an appendix but may be viewed with the permission 

of Mr. Richard Baker. 



8.4 The Application of Real Options in the Evaluation of Peppadew (Pty)Ltd 

It takes a lot of time and careful thinking in order to identify the real options in a project 

or business: Aswath Damodaran, in his highly acclaimed book, The Dark side of 

Valuation, reminds the analyst that "not all projects, businesses and investments have 

options embedded in them and not all ophons, even if they do exist, necessarily have 

value" (Damodaran, 2001). In the same way as Discounted Cash Flow analysis may 

underestimate the true value of a project, there is a danger that value may be inflated if 

real options analysis is performed without an in depth understanding of the problem. 

8.4.1. Patents, Plant Breeder Rights and Brand Name 

Peppadew has exclusive use of the local and international plant breeder rights, process 

patent and trademark via a royalty agreement with Piquant6 International. This means 

that Peppadew is the only company that may grow, process and sell sweet piquant6 

peppers in the world. The following table lists the life of the patent and breeder rights for 

the main geographical areas targeted by Peppadew: 

REGION 

Southern Africa 

(South Africa, Swaziland, 
Tanzania, Zambia and 
Zimbabwe) 

European Union 

USA & Canada 

EXPIRY DATE of REMAINING LIFE OF 
PATENTS & PATENT & BREEDER'S 

BREEDER'S RIGHTS 
As of 30 September 2003. 

14 February 2012 8.38 years 

3 1 December 2026 22.27 years 

30 September 2013 10 years 

The patents and plant breeder 'rights give Peppadew a substantial and sustainable 

competitive advantage. Not only is the company globally protected from product 



competition during the life of the patents and breeder rights but it also has time to 

develop and establish its PeppadewTM brand name. 

In a competitive environment, f m s  with more valuable brand names are either able to 

charge higher prices for the same product (leading to higher margins) or sell more than 

their competitors at the same price (leading to higher turnover ratios). Creating a brand 

name is, however, a dificult and expensive process that may take many years to achieve. 

Since Peppadew- is a relatively young brand, an independent brand evaluation will not 

form part of this analysis. Instead, the assumption is made that management inputs to the 

discounted cash flow evaluation incorporate the effects of the young brand name. 

Competitive advantage from exclusive licensing may not always lead to value 

enhancement. When a fm is granted these rights by another entity like the government, 

that entity may, through regulation, preserve the right to control prices charged and 

margins earned. In these circumstances, f m s  may actually gain in value by giving up 

their legal monopolies if they get pricing freedom in return. Specifically, this has become 

a much debated issue in the South African airline and telecommunications industries. 

Peppadew, on the other hand, has no external price restrictions imposed on its product. 

Prices are (and will continue to be) driven largely by supply and demand in the market. 

Consequently, the patents and plant breeder rights that Peppadew holds are real and 

valuable assets. This is the key to a real option valuation of Peppadew. 

Consider a hypothetical company that grows, processes and sells standard hybrid 

tomatoes. Unlike Peppadew, this company is not a first mover in the market for 

tomatoes, it does not have a unique product and it faces fearsome competition. With 

regard to growth and expansion, the company may strategise along the same lines as 

Peppadew, but it does not have exclusive rights to its product nor any significant 

competitive advantage over other tomato companies in the market (even though 

management of the company may view their product as superior). Potential for excess 

returns is thus limited. The only real asset of value would be a brand name, if it existed. 



The competitive advantage Peppadew has is sustainable until expiry of the process patent 

and plant breeder rights. This translates into a potential for excess returns for the 

company over an approximate ten year period. (Refer Appendix 11, KF'MG valuation, 

Section 2.2.1, page 3). Thereafter, if the market for PeppadewTM peppers has grown 

significantly, competitors will enter and returns will depend on how well the PeppadewTM 

brand name has been established, all else being equal. 

8.4.2 Valuing the Process Patent and Plant Breeder Rights held by 

Peppadew(Pty)Ltd 

A Growth Option 

Peppadew is a small, high-growth firm in a large, evolving market for fusion food. 

Fusion food is a term used to describe the mingling of cultural dishes to create a new 

culinary experience. Peppadewm products have been sold in South Africa since 1996 

but accurate figures are only available from October 2000. Retail sales have grown by 

52% per annum in volume terms and 64% per m u m  in Rand terms since January 2001. 

Management expects net revenue to grow at an average compounded growth rate of 66% 

per m u m  for the next four years. This growth assumption is the biggest contributor to 

the value derived for Peppadew. (Refer Appendix 11, KPMG report, Section 1.3.4, page 

2.) Clearly, it is the process patent and plant breeder rights which the company holds that 

allow for such estimates of growth. Thinking in broader terms, Peppadew has a right, but 

no obligation really, to grow its business and entrench itself in the market for sweet chili 

peppers without any threat from competitors for roughly the next ten years. One may 

argue that if a company holds such patents and rights (and pays royalties for it), it will 

necessarily and immediately apply them to its advantage. This is the static assumption of 

immediate "investment" that standard NPV analysis makes. Consider, for example, the 

possibility of a prolonged drought in the southern African region. Patents and rights will 

not aid the company if the growing pepper fields cannot be watered. In addition, the 

South African Rand has been appreciating steadily against the US dollar since the 

begirining of 2002, as illustrated in Figure 8.7. A strengthening currency puts a lot of 



pressure on exporters like Peppadew. Although these (any many other) risks may be 

hedged in the financial markets, they highlight the inherent optionaliv that goes hand in 

hand with real assets such as patent and plant breeder rights. The company has an option 

to grow at phenomenal rates due to its competitive advantage, but only if it is 

economically viable to do so. The patent and plant breeder rights held by Peppadew may 

thus be valued as a growth option. According to Trigeorgis (Trigeorgis, 2002), early 

investment is a prerequisite in a growth option. It initiates a link in a chain of interrelated 

projects, opening up future growth opportunities. It is especially relevant in cases 

involving strategic acquisitions or multinational operations. 

At first glance, one would expect Peppadew's breeder rights and process patent to be 

valued separately. However, management delivers only one set of operational figures 

that arise from having both the breeder rights and the patent. Thus, in order to prevent 

over-estimation and double counting, the real option valuation considers the rights and 

patent as one asset. The result gives a minimum value for the sum of the two. 

Daily Rand, US Dollar Echanee Rate 
Period from 23 September 2002 to 1 Aprll20M 

Figure 8.7 

The recent strength of the Rand against the US Dollar. Source: INET Bridge. 



South African Prime Overdraft Rate 
Monthly from October 2002 to September 2003 

Date 

Figure 8.8 

South African interest rates between October 2002 and September 2003. 

Source: INET Bridge 

8.4.3 Methodology of the Analysis 

The growth option will be quantified and priced using the closed form analytical solution 

derived by Black and Scholes and discussed in Chapter 5. Even though analytical 

solutions are not applicable in many real option cases, it is easily and effectively applied 

here. A binomial tree will also be constructed to price the same option numerically. This 

analysis has been included in Appendix IV because of the general popularity of binomial 

trees. Practitioners may find the tree model intuitively easier to understand and interpret. 

In addition, trees are almost always used (either directly or indirectly) as an 

approximation to the continuous Black Scholes case. 



8.4.4 Net Present Value Calculation 

All figures and calculations for this section appear on the attached CD: 

File Name : Peppadew International 

SheetName : Peppadew NPV 

The discounted cash flow analysis undertaken by KPMG and stated in their report (Refer 

Appendix 11, KF'MG Report Annexure I, page 3 of 7), had to be adjusted to take account 

of the fact that the real options analysis is being done eighteen months later than KPMG 

undertook the initial valuation. Management of Peppadew has indicated that the 

estimates as contained in the report remain mostly unchanged, except that figures for the 

year to 30 September 2003 can no longer be considered as future estimates. They now 

form part of history. In addition, the growth option does not consider any data post 30 

September 2012. (1.e. estimates referred to as "Maintainable" in the KPMG evaluation, 

Annexure I, 3 of 7, Appendix I1 of this thesis). The fact that the reported figures are 

across all geographical areas and that the patent and breeder rights extend over different 

time frames is not crippling to the analysis. It simply implies that the results from the 

real option analysis must be interpreted as a minimum value for patent and breeder rights 

until September 2012. Naturally there will be additional value for the period after 

September 2012 until the expiry of all the patent and breeder rights. Data this far into the 

future, however, is not available (and it is debatable whether estimates so far into the 

future would be of any value). 

Table 8.2 depicts the discounted cash flow analysis adapted from the KPMG report. On 

October 1, 2002, KF'MG applied a 24.03% cost of equity for Peppadew. This was based 

on the inputs to the Capital Asset Pricing Model as discussed in Section 5.2, page 13 of 

their report. A risk free rate of 11,67% (compounded semi-annually) was the then 

prevailing ten year interest rate, implied from the R153 government bond. However, 

prime lending rates in South Africa have since dropped 350 basis points. Figure 8.8 

illustrates. An equivalent adjustment in both the discounted cash flows and the weighted 

cost of capital is thus warranted. The current nine year swap rate, compounded semi- 



annually, is 9.70%. This translates into an adjusted weighted average cost of capital of 

21.19%, using the same market risk premium and beta as proposed by KPMG. (Refer 

page 13 and page 14, Section 5.2 of the KPMG report). Calculations are illustrated in 

Table 8.1. 

Given the above inputs, the net present value of Peppadew's cash flows amounts to 

R52 680 000. This is before the deduction of any liabilities, i.e. shareholder and other 

loans. (Refer Annexure I, page 3 of 7, for KPMG's concise summary of liabilities.) 

Keeping in mind the time frame and interest rate adjustments mentioned above, this 

figure is in line with KPMG's 2003 enterprise valuation of R59 154 000. 

Table 8.1 

Adjusting the Weighted Average Cost of Capital for Peppadew International. 

Date: 30 September 2003 

I Interest Rate Charged I 17.u0Y/o I 

Riskfree Rate 
Risk Premium 
Beta 

Cost of Equity 
Early growth risk of new product 
Private Company Risk 
Cost of Equity 

I Proposed Debt equity Ratio 
I I 

KPMG 
11.67 %* 
7.50 % 

66.90 % 

16.69 % 
20.00 % 
24.03 % 

Adjusted for Real Options Analysis 
9.70 % NACS* 

Remains unadjusted 
Remains unadjusted 

14.72 % ** 
20.00 % 
21.19 % 

Debt 

** Riskfree Rate + (Beta * Risk Premium) 

. , '=- - I I 

Cost of Equity (weighted) 1 24.03 % 1 21.19 % 

Equity 1 100% 1 Remains unchanged 
I I 

0 %  

Cost of Debt (weighted) 

Remains unchanged 

* Nominal Annual Compounded Semi-Annually. 
0 %  0 %  



Table 8.2 

Adjusted NPV Calculations for Peppadew International. 

Date: 30 September 2003 

Date 

Operating Cash Flows 

WACC 

Discounted Cash Flows 
Tntal 

I I I I I I I I I 
NPV * 1 52 680.42 1 

I I I I I I I 
J 

I 

K' 000 
30 Sept 
2004 

7 410.00 

Capex & Working 
Capital 
Discounted 
Total 

* Before liabilities. 

21.19% 

6 114.20 
1117 Ah9 97 

30 Sept 
2005 

17 851.00 

(10 500.00) 

(8 663.85) 
(50 189.50) 

12 153.63 

30 Sept 
2006 

24 489.00 

(12 000.00) 

(8 170.05) 

13 757.40 

30 Sept 
2007 

29 176.00 

(16 000.00) 

(8 988.46) 

13 524.24 

30 Sept 
2008 

35 035.00 

(16 000.00) 

(7 416.64) 

13 400.19 

30 Sept 
2009 

40 307.00 

(15 820.00) 

(6 050.83) 

12 720.70 

30 Sept 
2010 

44 345.00 

(13 501.00) 

(4 260.85) 

11 547.74 

30 Sept 
201 1 

48 788.00 

(11 170.00) 

(2 908.74) 

30 Sept 
2012 

51 715.00 

10 483.03 9 168.79 

(1 1 937.00) 

(2 564.89) 

(6 572.00) 

(1 165.18) 



8.5. Linking NPV and Option Value 

The growth option is similar to a financial call option because the process patent and 

plant breeder rights effectively give Peppadew the right, but not the obligation, to realise 

above average revenue growth over a finite period of time. In order to value the growth 

option using the Black-Scholes model, a correspondence between the financial 

characteristics of Peppadew and the six call option variables must be established: 

1. The underlying asset is the present value of expected operating cash flows over the 

life of the patent and breeder rights, i.e. the next nine years to September 2012. This 

value is R102 869 920. Expected cash flows were obtained directly from 

management spreadsheets and are based on the potential market size and profit that 

the firm can expect to realise (Refer Appendix 11, KF'MG Report - Annexure I, page 

3 of 7). The adjustment to the discount rate was discussed in Section 8.4.4 above. 

2. The exercise price is equivalent to the expenditure required to generate these cash 

flows. 1.e. the working capital and capital expenditure requirements of the business 

over the life of the option. These figures are also directly obtained from the 

management accounting sheets. (Refer Appendix 11, KF'MG Report - Annexure I, 

page 3 of 7). The present value of these costs amounts to R50 189 500. 

3. The growth option has value only until expiry of the patent and breeder rights. For 

purposes of this evaluation, maturity of the option is 30 September 2012. 

4. The time value of money is depicted by the risk free rate of 9,94% compounded 

annually. This is the ruling nine-year swap rate. 

5. Uncertainty about the future value of the project's cash flows (i.e. the inherent 

riskiness of the business) corresponds to the standard deviation of returns of the 

underlying asset. Since Peppadew is not a traded entity, volatility was determined 

using the proxies suggested by KPMG. Although any number of other proxies may 



have been applied (i.e. sweet bell peppers or olives as suggested in the Valbridge 

Trust report, individual food companies both locally and offshore or even just an 

educated guess from a food sector analyst) the aim is to keep the real option 

valuation in line with the KPMG analysis. 

Each of the proxy companies, Anglo Vaal Industries (share code AVI), Crookes 

Brothers (CKS), Illovo (ILV) and Intertrading (INT), is listed on the Johannesburg 

Stock Exchange (JSE). These companies are good proxies for Peppadew in terms of 

their product offering, target market and business model. The following short 

descriptions of each are adapted from KPMG's valuation report contained in 

Appendix 11, Section 5.2.1 1, page 15: 

Anglo Vaal Industries focuses on a small range of luxury food items not 

dissimilar to the Peppadew product. However, the company has a holding in a 

glass manufacturer and thus cannot be used as a proxy on its own. A 10% 

weighting is assigned to AVI. 

Crookes Brothers produces a range of products from sugar cane, h i t ,  grain 

and animal husbandry. Because of the focus on primary agricultural products, 

it also is not a perfect proxy for Peppadew. A 10% weighting is assigned to 

CKS. 

Illovo focuses on a single product (sugar) with a range of value added 

components. This is more in line with Peppadew and Illovo is assigned a 30% 

weighting. 

Intertrading is an international trading company focusing on the procurement 

and export of South African fruit, nuts and vegetables. Unlike the other three 

companies, it is very similar to Peppadew in terms of product and general 

operating environment. A S O 0 ?  weighting is assigned to INT. 



An estimate of the historical volatility of Peppadew was calculated using the 

appropriately weighted standard deviation of continuously compounded daily returns of 

the four proxies over the period from 11 June 2002 to 29 September 2003. Refer 

Appendix 111 for data, graphics and calculations. The result is an annualized volatility of 

30.49% for Peppadew. The volatility of "the market" may be used to determine a lower 

boundary on this estimate. The Top 40 Index, which consists of the forty JSE listed 

shares with the highest market capitalisation, constitutes a well diversified market 

portfolio. Calculated in the same way and over the same data period, the volatility of this 

index is 20.79%. Data and calculations may be viewed on the attached CD: 

File Name : Peppadew International 

Sheet Name : Data & Vol Estimates. 

It seems reasonable that a single stock should be a lot more volatile than a market Index. 

A quick consensus in the market amongst seasoned equity traders confirmed that 10% 

above market volatility would be a reasonable level to trade at for an unlisted entity such 

as Peppadew. 

The above methodology is the standard approach to estimating volatility from historical 

data. It assumes that volatility is constant. In practice, however, the volatility of an asset 

is a stochastic variable, much like its price is. There are a number of schemes that 

attempt to keep track of the shifting levels of volatility. The generalized autoregressive 

conditional heteroskedastic model (GARCH) attempts to capture and weight the long- run 

average variance rate of a series of price returns. The popular GARCH (I,]) model was 

fitted to the weighted series of proxy price retums in order to ascertain the presence of a 

any long-term trend in volatility. It is important to know if and how volatility shifts when 

applying option pricing models. The results, contained in Appendix IV, confirm that the 

series does not exhibit any significant shift in volatility. The assumption of a constant 

volatility may thus safely be made from this point forward. 

6 .  The potential for excess retums exists only during the life of the patent and 

breeder rights. Thereafter competition will challenge and erode Peppadew's 



market dominance. Amongst other factors such as product diversification and 

marketing, the strength and quality of the brand name will have to cany the 

company forward from that point onward. Thus, every passing year "costs" the 

firm one year of patent-protected excess returns. In market terms, the dividend 

expense is represented by the value that drains away over the duration of the 

option. If the life of the patent and breeder rights is n years, then the "dividend" is 

. In this case, the dividend yield is [&]=ll,lO%. The 

dividend yield rises with the passing of every year, decreasing the real value of 

the patent and breeder rights to the company. Refer Damodaran (2001) 

Table 8.3 below summarises the correspondence between the six real option variables and 

their applicable values for Peppadew, and a financial call option. 

Variable for Black Scholes 
Input 

I I 

Correspondence to 
Financial Call Option 

Present Value of company's I Stock Price (5') 
expected cash inflows 

annual compounding 
Riskiness of Peppadew 1 Volatility of stock returns 1 30,49% 

Value for Peppadew 
Case Study 

R 102 869 920 

Expenditure required to 
operating assets 

Life of patent and breeder 
rights 
Time Value of money 

Table 8 3  

The Option Variable inputs for Peppadew International. 

Exercise Price (X) 

Time to expiration (T-t) 

Risk free rate of return (r) 

. . 

business 

R 50 189 500 

30 Sept 2003 - 30 Sept 2012 
9.01 years 

9,94% 

(u) annualised 
Value Erosion Dividend Yield (q) 11,10% 



8.6 Black- Scholes Valuation 

The real call option is priced using the standard Black-Scholes model discussed in 

Chapter 5, Section 5. From this and the information contained in Table 8.3 above, the 

following estimates are obtained for the option pricing model: 

Substituting these values into the call option formula, 

c = S ~ - ~ ( T - ' J ~ ,  (dl) - Xe-"T-"@(d2), 

Variable 
dl 

@(dl) 

d 2  

@(d2) 

the value of the patent and plant breeder rights is then calculated to be at least 

R26 852 4900. 

Value 
1.1986 
0.8847 

-0.4586 
0.3232 

A minimum value for Peppadew (before liabilities) is thus the sum of the Net Present 

Value of the business's estimated cash flows (until September 2012) and the value added 

by the patent and breeder rights: 

The entelprise valuation of Peppadew as calculated by the auditing firm may now be 

compared to the results obtained from the real options analysis: 

Original KPMG NPV Valuation R59 154 000 
- 

and interest rate decrease 
Real Option Valuation of assets 
Real option Valuation of Peppadew 
(adjusted for time span and interest rate 
decrease) 

NPV Valuation after adiustment for time I R52 680 420 

R26 852 490 
R79 532 910 



All figures and calculations appear on the attached CD: 

File Name : Peppadew International 

Sheet Name : Black Scholes 

The NPV analysis alone (after adjustments for time and interest rates) comprises 66.24% 

of the fair value of Peppadew. The value of the real assets (i.e. the process patent and 

plant breeder rights) make up the remaining 33.76%. Clearly, by relying on NPV 

analysis alone, a substantial amount of the company's value remains unaccounted for. 

Real options analysis has offered a means of capturing and pricing the value of 

Peppadew's real assets. 

8.7 Discussion 

The value of Peppadew's patent and breeder rights, explicitly quantified and priced as a 

real option, remained unaccounted for by the standard NPV valuation as performed by 

KPMG. The NPV calculation alone failed to take into account this additional source of 

value because 

(1) It does not recognize the inherent optionality which the patent and breeder 

rights offer 'Peppadew. This leads to the simplistic assumption that these real 

assets have already been accounted for in management's estimates of future 

cash flows. To an extent, one has to acknowledge that they do play a role 

when future cash flows are estimated. However, it is the options way of 

thinking which allows real assets to be mathematically quantified in line with 

management expec&tions as well as the market in general. 

(2) It assumes, by definition, that the fair price of the business is a (convex) 

function of the expected values of uncertain variables, Price = f [ ~ ( x ) ]  .. 

Jensen's Inequality however, highlights the fact that this is a flaw of 

averages. The correct price is represented by the expected value of the 



(convex) function of uncertain variables,E[f(x)], and that 

E [ f (x)] > f [E (x)] . Consequently, average values of certain inputs used by 

management when estimating hture cash flows will not result in average 

outputs. In fact, the result is a systematic under valuation of projects or 

businesses, especially in the presence of real options. 



I CHAPTER 9 I 
I FINANCIAL ENGINEERING WITH REAL OPTIONS I 

'The onus is on us, through hard work .... to reach for the stars." 

Nelson Mandela. 

Overview 

The Peppadewm pepper has a growth cycle between November and March in the 

southern hemisphere. This is a period of high intensity and high cost for Peppadew 

International. At the start of the season, management carefully selects farmers to grow 

the chili under strict regulations with regard to quality and pest control. Once the fruit 

has been harvested, it is purchased from the designated farmers at a market-related price. 

Thereafter, the peppers are transported to the processing factories in Tzaneen in the 

north-eastem region of South Africa. One of the greatest challenges facing the company 

is ensuring a sufficient supply of the fruit all year round in order to meet global demand. 

To this end, farming under controlled conditions in diverse geographical locations is 

being heavily researched. Existing processing facilities are also being upgraded and 

expanded while new processing plants will be required in the near future. The company 

thus fades high working capital requirements. 

To date, Peppadew has been financed mainly by its holding company Denny Mushroom. 

Peppadew now aims to obtain additional funding on a more permanent basis. The natural 

consideration when raising funds for the working capital requirements of an agricultural- 

based company offering employment to a large number of farmers and factory workers, is 

the Industrial Development Corporation of South Africa (the "IDC"). The IDC is a 

government institution that offers financial assistance to small and medium size 

enterprises, with an emphasis on black empowerment initiatives. After the fall of the 

apartheid regime ten years ago in 1994, the new South African government began to 



focus heavily on job creation with equal opportunities for all races. Companies that 

create jobs in rural farming areas and in factories where education levels are low and 

poverty is high, are favoured by government in terms of funding, contracts, tax status etc.. 

Peppadew could thus look toward the IDC for funding of its working capital 

requirements. They are, however, not limited to the IDC only. As long as a proposed 

funding strategy is aligned with the market, the company may approach any of a number 

of funding entities like banks, venture capitalists, institutional and private investors. 

9.1.1 Roadmap for the Construction of a Funding Strategy for Peppadew 

The following steps will be followed and explained in Sections 9.2 to 9.8 below, 

in order to demonstrate the process driving the construction of a funding strategy 

for Peppadew via an option-embedded debt obligation: 

Step 1 - The proposed debt structure, a putable bond, is introduced to the reader. 

Step 2 - Valuation principles of the structure are discussed. 

Step 3 - The risk that an issuer of debt will not honour promised future payments 

is referred to as default risk. Default risk will determine at which interest rates an 

individual issuer (in this case, Peppadew International) may obtain funding in the 

market relative to issuers deemed to have very low or no default risk at all. This 

risk-return profile is called the issuer's yield curve and is derived from the 

Treasury (zero default) yield curve. 

Step 4 - The issuer's yield curve allows the term structure of interest rates to be 

explicitly used in the pricing of the Peppadew putable bond. 



9.2 The Structure of a Debt Obligation 

Investors are often willing to purchase an equity stake in a private company. The 

proceeds received from such a deal then provide the necessary funding which the 

company requires. Investors who make private equity investments are, however, not 

promised a fixed cash flow but are instead entitled to whatever cash flows remain 

after other claimants (like creditors) are paid. These cash flows are referred to as 

residual cash flows. Uncertainty revolves around what these residual cash flows will 

be, relative to expectations. The actual cash flows can be lower than expected but 

they can also be much higher. Armed with the enhanced valuation and strategic 

insights obtained from the real options analysis performed in Chapter 8, private equity 

funding is one avenue that the management of Peppadew may explore anew. 

This chapter of the study, however, probes the concept of embedding a debt option 

within the format of a fixed income security. The mnjor impetus in creating a 

structure of this nature is to illustrate how the results from the real options analysis 

may be applied to engineer an enhaneedfunding strategy for the company. 

Fixed interest securities like bonds promise a certain cash flow to the holder in future 

periods. The risk that these cash flows will not be delivered is called default risk. 

The results from the real options analysis enable an accurate, market related estimate 

of the default risk of Peppadew to be made - hence, a competitive debt funding 

strategy may be structured for the company. Even though Peppadew International 

has tremendous growth prospects due to its sole right to grow and commercially 

distribute a truly unique food product, it is still a reasonably young company facing 

many challenges. Consequently, embedding an exit clause in a standard bond issue 

adds an additional element of security for potential lenders. Such a structure is 

commonly referred to as a putable bond. 



A putable bond is a fured income security where the investor has the right (but not the 

obligation) to terminate an investment by selling the security back to the issuer at a 

predetermined price, on one (or more) predetermined dates prior to maturity of the 

security. In retum for receiving the right to put the bond back to the issuer before 

maturity, the investor accepts a lower return on the investment. The issuer receives 

the benefit embodied in the lower borrowing cost. This is reflected in the option 

premium received from the sale of the put on its bond. The issuer accepts the interest 

rate and liquidity (maturity contraction) risk of the structure. This means that if the 

investor decides to put the bond and cease further investment before expiry of the 

bond, the issuer is responsible for settlement of the debt as well as refinancing 

thereof, if necessary, in a changing'interest rate environment. 

The putable bond to be structured and priced for Peppadew initially will be a one 

year, zero-coupon bond, putable at fair value. Once this structure is in place, 

variations in coupon, maturity and redemption value may be considered to find a 

tailored solution to fit the risk profile of any particular investor. In addition, the 

insights obtained from the bond calculations allow for further pricing of debt and 

equity structures, or a combination of the two in convertible securities. This in turn 

may lead to a number of possible real option-based strategies, the pricing of which 

would previously be hampered by the lack of quantifiable inputs for real assets. 

9.3 Valuation Principles of a Putable Bond. 

The value of a putable bond is equal to the value of a comparable non-putable bond plus 

the value of a put option. 1.e. 

Putable Bond = Non-Putable Bond + Put Option. 

or 

Put Option = Putable Bond - Non-Putable Bond. 



The theory behind the valuation of a standard put option may sound straightforward, but 

determining the value of a put option embedded in a fixed interest security is not always 

simple. The biggest stumbling block when considering the use of an option pricing 

model in the valuation of a put option on a Peppadew bond in particular, is the estimation 

of the underlying volatility of such a bond. Being an unlisted, non-investment grade 

entity, Peppadew has no other outstanding bonds which may serve as a starting point for 

volatility estimates of its debt issues. In addition, there are not many private firm debt 

issues currently in the South African market which may be used as proxies. A valuation 

technique that does not rely on an option pricing model is thus most suitable in this 

specific case. 

The valuation framework that can be used to value any bond, both optionfree and option 

embedded, involves generating a binomial interest rate tree based on an issuer's yield 

curve, an assumed interest rate generation process and an assumed interest rate 

volatility. The binomial interest rate tree yields the appropriate volatility-dependent one- 

period forward rates that should be used to discount the expected cash flows of the bond. 

Once the tree has been constructed, the value of the bond at each node is calculated in a 

backward recursive fashion (much like the tree for stock price movements discussed in 

Chapter 6 of this study). The value of both a standard, non-putable bond as well as an 

option embedded bond is calculated in this manner, with a few necessary adjustments for 

the embedded option. 

9.4 Valuing an Asset with Default Risk 

Inherent in investments with promised cash flows, is the risk that the cash flows may not 

be delivered. Such cash flows can consequently not be discounted at the riskless rate of 

interest alone, but must include an appropriate premium to compensate for the risk of 

default. This premium is called the default spread. Default spreads, when added to the 

riskless rate, yield the interest rates applicable to bonds of companies with specific credit 

ratings. Default spreads for most listed South African companies are routinely calculated 

by banks as part of their overall credit risk management. Independent rating agencies like 



Standard & Poors and Moodys also measure default risk and give companies a rating 

based on the default risk of their bonds. Low rated firms have more default risk and 

generally have to pay higher interest rates on their bonds than do highly rated firms. 

Table 9.1 summarises the ratings used by Standard & Poors to rate U.S. companies. 

These rating outlines have been accepted (with minor adjustments) and applied in the 

South African market. 

The starting point for valuing a putable bond is thus to determine the appropriate default 

spread of the issuer. In this case, the issuer is Peppadew International. Being an unlisted 

entity, however, the appropriate default spread is not widely known in the market. 

Results from the real options analysis performed in Chapter 8 once again overcomes 

many obstacles which previously would have made estimates of the company's default 

spread highly unstable and biased. 

HATING DESCRIPTION 1 
I AAA I The highest debt rating assigned. The borrower's capacity to I 

I repay debt is extremely strong. 
A A I Capacity to repay debt is strong and differs from the highest 

I quality only by a small amount. 
A I Has strong capacity to repay. Borrower is susceptible tp . . . ~ I adverse effects of changes in circumstances. 

BBB I Has adcauatc canacitv, but adverse economic conditions or . . I circumstances are more likely to lead to risk. 
BB, B, CCC, CC I Regarded as predominantly speculative, BB being the least 

I speculative and CC the most. 
D I In default or with payments in arrears. 

Table 9.1 

Standard & Poor's Rating Description. Source: www.standardpoors.com 

9.4.1 The Treasury Yield Curve 

A yield curve is a graphical depiction of the relationship between yield and 

maturity on securities of the same credit risk. The treasury yield curve is 

constructed from the maturity and observed yield of Treasury securities. 



Treasuries reflect the pure effect of maturity alone on yield, given that market 

participants do not perceive government securities to have any credit risk. 

The shape of the yield curve does not remain static but changes periodically 

with shifting interest rate scenarios. Figure 9.1 illustrates the most commonly 

observed shapes of the yield curve in South Africa. 

Figure 9.2 reflects the short end of the curve (up to one year) constructed 

from forward rates. It is important to highlight the fact that it is irrelevant 

whether a yield curve is constructed from forward or spot rates, as long as this 

is taken into account when pricing is done. The interest rate tree constructed 

in Section 9.7 below will be based on forward rates, as proposed by Fabozzi 

(1993), rather than spot rates. Applicable forward rates were obtained from 

South African International Money Brokers. They are one of the largest 

'independent money market brokers in the country. Rates reflected on their 

trading screen are the best bids and offers available in the market at any point 

in time. Their service is provided to the market through Reuters SA and all 

information may be viewed on Reuters screen "IMBA". A printout of this, 

and all other applicable Reuters screens used throughout this chapter, appears 

in Appendix IV. 
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Short End of the South African Yield Cuwe: Spot Forward Rates. 

Date : 8 March 2004. Source: IMBA and INet 

9.4.2 Measuring Default Probability 

The methodology introduced by Stephen Kealhofer, Mac McQuown and Oldrich yasicek 

(www.krnw.com) to model default risk is applied in this thesis. The options pricing 

approach to modeling default risk is based on the asset value model originally proposed 

by Robert Merton (Merton, 1974). The reader's attention is drawn to the fact that the 

databases collected and developed by KMV for the calculation of default risk were not 

accessed at any time. These databases are only available to fully subscribed customers of 

KMV and not to independent researchers. Consequently, this thesis makes use of an 

independent default database for listed companies as compiled by Absa. (Amalgamated 

Banks of South Africa is one of the four largest commercial and corporate banks in the 

country). The database remains the intellectual property of Absa. 



There are three main elements that determine the default probability of a company: 

1. The market value of assets. This is a measure of the present value of the 

future free cash flows produced by the company's assets, discounted back 

at the appropriate discount rate. It is a measure of the company's 

prospects and incorporates relevant information about the specific industry 

and economy in which the company operates. 

2. Volatility of asset returns. This is a measure of the company's business 

and industry risk. This estimate reflects the degree of difficulty in 

forecasting future cash flows due to the uncertainty of the business. Firms 

in the same industry and of similar size tend to have similar asset 

volatilities. 

3. Leverage or default point. A measure of the liabilities due in the event.of 

business distress, i.e. the extent of the company's contractual liabilities. 

Generally, non-cash and long-term obligations put less financial stress on 

companies than short term borrowing does. 

Asset value, business risk and leverage are combined into a single measure of default risk 

which measures the number of standard deviations the asset value is away from default. 

This is referred to as the distance-to-default (DD) and is calculated as 

Market value of assets - Default point 
Market value of assets x Asset volatility 

The distance-to-default is thus a measure which accounts for the effects of industry, 

geography and company size, via the asset value and volatility. The probability of 

company default can be directly computed from the distance-to-default if the probability 

distribution of the assets is known, or, equivalently, if the default rate for a given level of 

distance to default is known. Oldrich Vasicek and Stephen Kealhofer have extended the 



Black-Scholes-Merton framework to produce a model of default probability known as the 

Vasicek-Kealhofer (VK) model. This model assumes that the company's equity is a 

perpetual option with the default point acting as the absorbing barrier for its asset value. 

When the asset value hits the default point, the firm is assumed to default. A company 

defaults when its asset value falls below its liabilities. The probability of default is the 

likelihood that the market value of a company's assets will be less than the book value of 

its liabilities by the time the debt matures. Under the Black-Scholes assumption that the 

market value of a company's underlying assets follows the stochastic process 

where V,,dV, are the company's asset value and change in asset value 

p, uA are the company's asset value drift and volatility 

dz is a Wiener process, 

the probability of default is given by 

where p, is the probability of default at time t 

Vi is the market value of the company's assets at time t 

X, is the book value of the company's liabilities due at time t. 

Equation (9.1) describes the change in the value of the company's assets. Its asset value 

at time t, Vi is thus given by 



since the asset value of the company is V, at time 0. pis the expected return on the 

company's assets and E is the random component of the firm's return. The relationship 

given by Equation (9.3) describes the evolution in the asset value path, as illustrated in 

Figure 9.3. 
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Figure 9 3  

A Framework for Credit Measures. Source: KMV 

Combining Equations (9.2) and (9.3), the probability of default d y  be written as 



The Black-Scholes model assumes that the random component of the company's asset 

returns is normally distributed, i.e. E - N (0,l). The probability of default may thus be 

expressed in terms of the cumulative normal distribution 

Since the distance to default (DD) is simply the number of standard deviations that the 

company is away from default, it is given by 

The normal distribution is in reality a poor choice for defining the probability of default. 

The reason for this is that the default point is in reality also a random variable. The 

assumption that the default point is described by the company's liabilities and 

amortization schedule is flawed. Companies will often adjust their liabilities as they near 

default; the liabilities of commercial and industrial f m s  increase as they near default 

while the liabilities of financial institutions mostly decrease as they approach default. 

The difference is usually a reflection of the liquidity of the company's assets and their 

ability to adjust their leverage as they encounter difficulties. 

It is difficult, ex ante, to specify the behaviour of liabilities, which means that the 

uncertainty in the adjustments in liabilities must be captured elsewhere. This uncertainty 

is included in the mapping of the DD to the Expected Default Frequency credit measure, 

described below. The resulting empirical distribution of default rates has much wider 

tails than the normal distribution. 



9.4.3 Expected Default Frequency 

A default database is used to derive an empirical distribution relating the distance-to- 

default to a default probability. Absa has implemented the VK model using their default 

database in order to calculate an Expected Default FrequencyTM (EDFTM) credit measure. 

EDFTM is the probability of default during the forthcoming year for companies with 

publicly traded equity within each sector of the market. Figure 9.3 is a scatterplot 

depicting the relationship between the distance-to-default and the Expected Default 

FrequencyTM as calculated by Absa for all South African companies listed in the retail 

and wholesale sectors of the JSE. It illustrates that the closer a company is to its default 

point, the higher the expected probability of default. 

Once the EDFm for a company has been determined, it can be mapped onto any rating 

system (most commonly Standard & Poors or Moodys) to derive the equivalent credit 

rating of the company. Once the credit rating has been established, the market typically 

dictates the applicable credit spread for the company's debt. 



Figure 9.4 
The Relationship between Distance-to-Default and Expected Default Frequency for 
all listed South African companies in the Retail and Wholesale Sectors of the JSE. 
Source: Absa 

9.5 Estimating the Default Probability of Peppadew (Pty)Ltd. 

In order to calculate the default spread applicable to Peppadew, an applicable one year 

EDFm measure must first be calculated. This involves the current market value and 

volatility of the company's assets, determining how far Pappedew is from default (i.e. its 

DD) and then scaling the distance-to-default to a probability. In Chapter 8, the market 

value of Peppadew's assets was calculated to be R 79 505 180 with a volatility of 

30.49%. The default point, i.e. current value of liabilities was obtained directly from the 

W M G  Valuation Report (Annexure I, page 3 of 7; Appendix I1 of this thesis) as 

R 11 796 000. The distance to default (in millions of Rand) may thus be calculated as 



This implies that Peppadew is currently approximately 2.8 standard deviations away from 

default. The Absa database cannot be used directly to calculate the EDFTM of Peppadew 

since the company is unlisted. Consequently, a regression analysis is performed in order 

to predict the EDFm of Peppadew from the available data in the retail and wholesale 

sector of the JSE. If Peppadew were listed, it would be classified in this sector also. 

Since the relationship between the DD and EDFTM in Figure 9.3 is exponential, a 

logarithmic transformation is first made before a linear regression model is fit. The 

independent variable in the regression equation is the distance-to-default (DD) and the 

dependent variable is the EDFm. Letting 

x, = DD = 2.793 and y, = EDF TM, the regression equation is written as 

The regression results are 

& = -0.4489 with 95% confidence interval (-0.5264 , -0.3715) 

= -1.6823 with 95% confidence interval (-1.71 19 , -1.6527). 

Thus 

The one year EDFTM for Peppadew is estimated to be 0.57799 %. 

This estimated EDFm of Peppadew is now overlaid on the Absa credit rating scale, the 

basis of which is the Standard and Poor's rating system. Table 9.2 summarises the 

implied credit rating for a given EDFm as calculated by Absa. It also gives market 

related credit spreads for each of the ratings. 



An EDFTM of 0.578% for Peppadew implies that Peppadew's debt will trade 150 basis 

points above the Treasury Yield Curve. With this information, the issuer's yield curve 

may now be constructed from the Treasury curve. Finally, the debt security is then priced 

form the issuer's yield curve. 

Table 9.2 

Credit Rating and Default Spread for One Year Expected Default FrequencyTM 

Source: Absa (EDFm Values) 
Sanlam Capital Markets (Default Spreads) 

* The large jump in default spread between BBB and BBB- indicates the cut-off point between 

investment grade and non-investment grade debt. 

9.6 Constructing the Issuer's Yield Cuwe 

The issuer's yield curve (up to one year maturity) is implied from the treasury yield curve 

by adding the credit spread of 150 basis points to the risk free rates. If a parallel shift in 

the issuer's yield curve is assumed, the following is obtained: 



(1.e. 3 x 6  ~ o k a r d  Rate ~ g e e m e n t  (FRA)) 
3 month rate, 6 months from today. 1 8.42% 1 9.92% 

Instrument 
3 month effective rate 
3 month rate. 3 months from todav. 

(6x9 FRA) 
3 month rate, 9 months from today. 1 8.66% 1 10.16% 

Yield* 
8.00% 
8.17% 

The Short End of Peppadew's Yield Cuwe 

Yield + Default Spread 
9.50% 
9.67% 

(9x12 FRA) 
3 month rate, 12 months from today. 
(12x15 FRA) 

* Effective forward rates quoted by International Money Brokers, Reuten screen code IMBA. 

Figure 9.4 depicts the issuer's yield curve relative to the treasury curve. Naturally, the 

Table 9 3  

9.03% 

assumption of a parallel shift is only one of many possibilities. In the South African 

10.53% 

interest rate environment, the shorter end of the curve is often the most volatile. 

Consequently, any of a number of scenarios could apply. The parallel shift chosen for 

this study mirrors the general view on short term interest rates. 

Maturity 

- - Risk free -Peppad6 
L 

Figure 9.5 

Issuer's Yield Cuwe versus the Treasury Yield Cuwe. 



Now that the applicable credit spread and implied yield curve for Peppadew's debt has 

been determined, the next step is the pricing of the putable bond structure. 

9.7 The Price of an Option-Free Bond 

The price of an option-free bond is the present value of the promised cash flows, 

discounted at the applicable interest rates. Discounting may be done using either spot 

rates or periodic forward rates. The two methods must yield the same result to prevent 

riskless arbitrage. To illustrate, the implied spot rates are bootstrapped from the three 

month forward rates tabulated in Table 9.3 in the usual way. For figures and calculations, 

refer to the attached CD, 

File Name : Peppadew International 

Sheet Name : Interest Rate Tree 

For the Peppadew curve, the following is obtained 

Period Three Month Forward Implied Spot Rate 
Dn+- 

I oaay Y.XJYO I 
Three Months 9.67% 

. 
Six Months 

N' - -  . 
Twelve ~ o n r n s  I 1u.2570 I 

Table 9.4 

Spot and Forward Rates. 



Discounting a zero-coupon, one year par bond at the forward rates results in a present 

value of 

Discounting a zero-coupon, one year par bond at spot rate results in a present value of 

The value of a one year, non-putable, zero-coupon, par bond for Peppadew is thus 

R88.81%. This means that for every R88,81 that Peppadew borrows via a standard bond 

issue, the company will have to repay RlOO after one year, at maturity of the bond. This 

implies an annual 12.595% borrowing rate (or a monthly compounded rate of 11.92%). 

The next step is to construct an interest rate tree model from which a putable bond may 

be priced. If Peppadew writes a put option against its own debt, the premium income 

from the put is incorporated to lower the borrowing cost. But the put option gives the 

investor the right to cease investment and claim the promised cash flows before maturity 

of the bond. A lattice approach to pricing option- embedded bonds models possible 

future interest rate movements and interest rate volatility in a relatively straight forward 

way, once the issuer's yield curve has been correctly determined. It is also very popular 

in the industry because of the logical and graphical way a tree represents the possible 

outcome of events. 

9.8 Constructing a Binomial Interest Rate Tree 

A binomial interest rate tree model is simply a graphical representation of one-period 

forward rates over time, based on an assumption about interest rate volatility. Refer 

Neftci (2000) for a discussion on the Black-Derman-Toy model which is the approach 



followed here. The tree, Figure 9.5, looks similar to the binomial stock price tree 

generated in Chapter 6. Each node represents a time period three months later from the 

node to its left. Moving in the direction of the arrow heads, the different paths that three 

month forward rates may take over one year are depicted. The tree recombines at each 

node with the assumption that three month forward rates can take on only to possible 

values in the next period - each one with equal probability. r, is known and represents 

the root of the tree. It is the current three month rate (or equivalently, the three month 

forward rate). The consecutive three month forward rates form the bottom branches of 

the tree. rd represents the three month forward rate, three moaths from today, 

r, represents the three month forward rate, six months from today, r,, represents the 

three month forward rate, nine months from today and r,, is the three month forward 

rate, twelve months from today - all of these in the event of a decrease in interest rates. 

The assumption is made that three month forward rates evolve over time according to a 

lognormal random walk process. The implied volatility of three month forward rates is 

directly observable in the market. CEDEF, a large brokerage firm based in Switzerland, 

actively imply periodic interest rate volatility from South ~ f r i c i  interest rate derivatives. 

CEDEF is considered the market leader in this respect. Their services are provided 

through Reuters and their screen code is CEDEFOPT2 - attached in Appendix IV. Three 

month forward implied volatilities may be summarized from CEDEFOPT2 as follows: 

Instrument Volatili Bid - Offer 
15% - 18% 
16% - 19% 

9 x 1 2  FRA 17% - 20% 
12X 15 FRA 18% - 21% 

Table 9.5 

Market Volatility Quotes. Source: CEDEF 

If a is the volatility of the applicable three month forward rate and r, is known, then 

=rd(e2") .  In the second time period of the tree, r, represents the three month 



forward rate, three months from today if rates fall. Recursively, %and q,, may be 

calculated as 

In the same way, the applicable interest rate at each node may be determined until the 

whole tree has been completed. However, the forward rates at each node must be 

determined in such a way that they are consistent with the volatility assumptions above as 

well as the market value of the standard bond calculated in Section 9.7 above. Since 

there is no simple formula for this, an iterative process must be used to determine the 

correct forward rates at each node. 

An educated guess for the value of 5 = r, is initially made. The corresponding three 

month forward rate in a rising interest rate scenario, r,, may now be calculated as 

indicated in the tree. The fundamental rule for valuation is next applied: the bond value 

is the present value of expected cash flows (which include any coupon payments), 

weighted by the probability of occurrence, i.e. the assigned 50% probability of rates 

moving upward and 50% probability of rates moving downward. The present value of 

the cash flows is calculated at each of the two nodes, using the calculated forward rates, 

r, and r, as the appropriate discount rates. This present value is then compared to the 

expected fair value of the bond in three months' time. The guestimate of r, may be 

considered accurate if these two values are the same. If not, however, that unique value 

for r, must be determined iteratively using the same process until the present value of the 

bond calculated through the tree equals its market value. These steps are repeated at each 

node until maturity of the bond. 

As mentioned before, valuation of the bond via the tree which models interest rates and 

accounts for interest rate volatility must equate to the value under straight forward 



discounting. If they do not, arbitrageurs will realize a riskless profit by selling the over- 

priced issue and buying the fair value bond. At the point in time in the tree when the put 

may be exercised by the investor, the bond value must be changed to reflect the larger of 

the current value (i.e. value if it is not put) or put strike price (the borrowing to be repaid). 

Figure 9.6 demonstrates the binomial interest rate tree, with applicable bond prices for the 

standard, one year, zero coupon, par Peppadew bond. Figure 9.7 illustrates the changes 

for the same issue, but which is now putable by the issuer at R94,00% (R94,OO per RlOO 

nominal) after six months. 

Figure 9.6 

One year Binomial Interest Rate Tree with Three Month Forward Rates. 
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Figure 9.7 
Finding the three month forward rates and valuing a standard, zero coupon, par 
bond issue with one year to maturity. 
Issuer: Peppadew International (Pty)Ltd. 



Figure 9.8 
Valuing a putable, zero-coupon, par bond with one year to maturity which is 
callable after six mouths at R94%. 
Issuer: Peppadew International (Pty)Ltd 



9.9 Interpretation of Results 

The path of interest rates modeled in Figure 9.6 is such that the bond value at the root of 

the tree is identical to the value of the bond when it was discounted at either the spot or 

three month forward rates in the beginning of Section 9.7. The price reflects the credit 

risk spread inherent in Peppadew's debt - for every R88.814 the company borrows 

through a debt issue, it must repay RlOO to investors after one year. The implied one 

year borrowing rate is 12.595%. There are no interim coupon payments to be made by 

the issuer to the investor. 

Figure 9.7 incorporates into the zero coupon bond issue, a six month European put option 

sold to the investor by the issuer. The strike of the put option is assumed to be R94.00%. 

The value of the putable bond is again reflected at the root of the tree, but this time it is 

R90.07%. This new price is the sum of the standard bond issue value and the premium 

received from the written put option. By writing a R94% strike, six month put option, 

Peppadew effectively lowers their borrowing cost because for every R90.07 borrowed, 

the company must 

(1) Repay R100 after one year ifthe put option is not exercised OR 

(2) Repay R94.00 after six month if the investor exercises the option. 

The implied borrowing rate for one year ifthe option is not exercised is 11.02%. 1.e. 

1.575% below that of a standard bond issue. If however, the option is exercised after six 

months, the implied annual borrowing rate drops to 9.12% but the issuer faces substantial 

maturity contraction and interest rate risk. The benefit of writing the option is readily 

observable in both of the possible outcomes, even though there are risks to be considered. 

Table 9.6 contains three different scenarios which aid in understanding the risk-return 

profile of the putable bond structured for Peppadew international. In scenario one, the 

fair value of a standard bond after six months is R93.294%. It would thus be senseless to 



attempt to strike the put below fair value - no rational investor would purchase such an 

issue. In fact, the most sensible thing to do would probably be to strike the option exactly 

at fair value. This means that the issuer is prepared to pay back fair value of the bond at 

maturity of the option, and nothing more. The option premium, however, is at its lowest 

when the option is struck at fair value. Nevertheless, the issuer still enjoys a favourable 

borrowing rate for writing an at-the-money put option. What is noticeable from the table 

is how the borrowing rate decreases significantly with higher strike prices. This is a 

direct result of the higher premium received for writing an in-the-money put option. In 

effect, the issuer is agreeing to pay back more than fair value if the put is exercised. 

Peppadew (and any other issuer, for that matter) will only do so if they have real reasons 

to believe that the option will not be exercised. Otherwise, writing a deep-in-the-money 

put option against its debt may be extremely risky, bearing in mind the maturity 

contraction- and interest rate risk which Peppadew will face in the event of exercise 

against them. From the perspective of the investor, an embedded put option in a bond 

issue offers protection against increasing interest rates. That is, if interest rates should 

rise substantially during the life of the put option, new issues at higher interest rates will 

become more attmctive. The investor will then put the original issue back to the issuer in 

order to invest in higher yielding securities and earn a better return on hislher investment. 

However, there are indeed many arguments as to why investors in high growth start-up 

companies may not exercise their options when they are deep in-the-money. The chance 

of converting debt into equity with runaway profits in the event of a listing, is but one of 

the reasons often debated in the industry. 

A putable bond does not necessarily have to be a zero-coupon bond by nature. The size 

and frequency of coupon payments will usually be negotiated to meet the needs of both 

issuer and investor. For Peppadew, Scenario 2 and Scenario 3 of Table 9.6 illustrate how 

the value added by the put option decreases as the coupon rate increases. The coupon is 

assumed to be paid every three months as a percentage of the nominal amount. The 

higher the periodic coupon rate, the sooner the outstanding debt will be repaid and the 

less risk taken by the investor up to the put date (the first date at which he may demand 

repayment of the debt). The value of an exit clause after six months will thus steadily 



decrease as the coupon size and/or frequency increases until the putable bond offers no 

more benefit than a high coupon, non-putable bond. 



Table 9.6 

Sceliario 1 

Risk-return profile of zero coupon, one year bond, putable after six months. 

Issuer: Peppadew International (Pty) Ltd 



Table 9.6 (continued) 

Scenario 2 

Risk-return profile of 0.5% coupon, one year bond, putable after six months. 

%requency of coupon payments: Three monthly. 

Issuer: Peppadew International (Pty) Ltd 



Table 9.6 (continued) 

Scenario 3 

Risk-return profile of 1% coupon, one year bond, putable after six months. 

Frequency of coupon payments: Three monthly. 

Issuer: Peppadew International (Pty) Ltd 

Coupon 1 1.00 % 
Nominal I Face Value of Bond I RlOO 
Standard Bond Price 
Fair Value of Standard Bond after Six Months 
Prime Lending Rate (March 2004) 

, , 

96.160 
97 
98 
99 
I nn 

R 93.478 % 
R 96.160 % 
11.50% Nominal Annual Compounded Monthly (NACM) 

Put Strike 
(R%) 

Implied 
Put Value 

Price of corresponding 
Putable Bond 

(R%) 
93.9361 
94.1360 
94.8456 
95.5612 
96 5046 

Implied Annual 
Borrowing Rate 

(R%) 
0.4199 
0.6579 
1.3676 
2.0832 
3.0766 

NACM - 
if issuer is put. 

4.58 % 
6.27 % 
6.88 % 
7.46 % 
7 - 5 1  o/. 

Implied Annual 
Borrowing Rate 

4.49 % 
6.10 % 
6.67 % 
7.22 % 
7-26 oh 

NACM 
If issuer is G 0 ~ p u t .  

6.50 % 
6.23 % 
5.43 % 
4.65 % 
7-62 o/. 

6.31 % 
6.06 % 
5.30 % 
4.55 % 
3-56 oh 



9.10 Summary and Conclusion 

The analysis of Chapter 8 sewed not only to highlight the enhanced valuation of 

Peppadew when the company's real assets are valued as growth options, but the insights 

gained enabled a debt funding structure to be engineered for the company. It is possible 

to price a market related putable bond issue for an unlisted, privately held company like 

Peppadew if the volatility of its assets can quantitatively be estimated. For Peppadew, this 

was achieved via the real options analysis by means of carefully selected business 

proxies. As a result, all the necessary inputs for the determination of Peppadew's credit 

default spread were calculated with relative ease and accuracy. Knowledge of the 

Treasury yield curve and the company's default spread lead to the construction of a yield 

curve for Peppadew's debt. From the company's yield curve, a debt security of almost 

any nature can quite effectively be priced via a lattice model. The result is that 

management of Peppadew may now consider debt fmancing as an option when deciding 

how to meet its capital requirements. From a broader perspective then, Chapter 8 and 9 

highlight the fact that unlisted, privately owned companies of worth need not be excluded 

in debt origination and structured finance schemes. If quantitative methods of evaluation 

are employed, they can be become a new asset class worth taking notice of. 



CHAPTER 10 

CONCLUSION 

"We live not only our own lives but also the life of our time." 

Sir Laurens van der Post. 

10.1 Conclusions 

Financial markets are constantly evolving and players are forced to remain abreast if they 

wish to survive .... such is "the life of our time". Recall the wave of privatisations, 

mergers and acquisitions, derivative innovations, financial engineering, securitisation etc. 

over the last ten years. Financial markets are becoming more and more sophisticated, 

driven primarily by innovation. And innovation derives not from knowing the right 

answers, but from understanding the right questions. When making business decisions of 

a strategic nature (often times based on the valuation of intangible assets), the real options 

approach offers a disciplined way of thinking about the "right questions". These 

questions typically revolve around uncertainty - and in particular, the consequences of 

uncertainty. Although often times misunderstood and even feared, it is uncertainty which 

leads to opportunity. And where there is opportunity, there are always "options" - to 

expand, to grow, to change, to act or to wait. Business managers know they have these 

options. They know also that to survive in a fast changing market place, they have to be 

flexible in their approach to business decisions and the uncertainty surrounding any such 

decisions. Real option analysis not only stresses the economic value of flexibility 

embedded in business activities, but directly offers a means of pricing and trading such 

flexibility. 

Financial option mathematics forms the framework for all real investment decisions; 

integrating capital budgeting and strategic planning with long-term value maximization. 

Since the options approach is based on (arbitrage free) market equilibrium, it offers a 

consistent approach which is well suited to the analysis of non-financial, real assets, 



opportunities and investments. The ability to evaluate all real projects (normal or 

strategic) and all investments (financial and non-financial) based on a single, consistent 

options-based methodology has lead to a new era in the evolution valuation, capital 

budgeting and corporate finance. 

10.2 Contribitions 

For Peppadew International, the use of real options analysis enabled the company to 

explicitly value their real assets. This, together with the traditional NPV analysis resulted 

in a more accurate estimation of the total economic worth of the firm. It is referred to as 

an "expanded" or "strategic" NPV. Higher net worth implies an improved credit rating 

which in turn allows the company to access funds at competitive rates. 

The rapid pace of financial innovation will certainly continue to expand the applicability 

and reliability of the real options paradigm. The more uncertainty business management 

faces, the more they are beginning to change the way they think. Higher uncertainty (in 

any economic or financial variable) does not necessarily make an investment opportunity 

less desirable, contrary to popular belief. In fact, discrepancies between finance theory 

and corporate reality highlight the importance of active managerial flexibility in adapting 

to uncertainty - this flexibility is now being viewed as real options with a broad scope of 

applications. Option valuation appears to offer a unifying evaluation framework for all 

real investment decisions by integrating capital budgeting and strategic planning under 

the umbrella of long-term value maximization. 

Small and medium sized enterprises in particular, may benefit considerably by taking a 

strategic view of their business to determine if real options analysis can contribute to 

valuation andlor decision making processes. For large, listed organisations, the 

application of real options analysis lies mainly in disciplined decision making - enabling 

managers to make investment decisions that lead to greater shareholder value. 



10.3 Future Directions 

There remains a lot of scope for further application of real options to business decisions 

under uncertainty. The real life implementation issues of real options may be developed 

and documented comprehensively so that generic option-based and user friendly software 

may become available to managers. Further research onto how real options may also be 

applied to the valuation of flexibility in related areas such as competitive bidding, 

information technology, global energy and R&D, is also recommended. Research into 

the potential to evaluate all real projects (normal and strategic) and all financial 

instruments through a single, consistent option-based methodology has far-reaching 

implications for the field of corporate finance as a whole. 



APPENDIX I 

Finite Difference Methods 

Finite difference methods are standard numerical procedures for solving complex option 

problems when analytic solutions are not available. In contrast to the tree model 

discussed in Chapter 6,  which allows for easy visualization of the process of asset price 

movements over time, finite difference methods work directly from the Black-Scholes 

partial differential equation (or some variant of it) plus suitably chosen boundary 

conditions. Imagine a three dimensional graph where option values are measured 

vertically versus asset price measured on the horizontal axis. Time is represented on the 

second horizontal axis. The option values, which are as yet unknown, except at the 

boundaries of the graph (i.e. along the line representing expiry of the option), form a 

surface above the asset and time axis. The shape of this surface conforms to the partial 

differential equation that approximates a specific derivative. Sometimes it is possible to 

find analytical equations representing the surface to infinitesimally small detail. If not, 

the curved surface can be approximated by a mesh of points separated by finite 

"distances". Hence the name "finite differences". The shape of the mesh approximating 

the surface can then be calculated in a backward recursive manner by working inward 

from the boundaries where option values are known and using the relationships 

demanded by the partial differential equation. Like tree models, the fineness chosen for 

the mesh determines the accuracy of the option valuation. 

The value of any option or contingent claim,f, on an underlying asset, S, must satisfy the 

fundamental partial differential equation 

where r is the market risk free rate of return. For a simple extention of the PDE to include 

dividends, see Trigeorgis (2002) and John C. Hull (2002). The no-dividend scenario will 

be discussed here as a base case. 



Choosing a finite number, N, of equally spaced time intervals,At , between the current 

time, zero, and maturity of the option, T, allows for N+I time points O,At,2At ,...... .T 

T 
with At = -. In the same way, a finite number of stock prices are also chosen. Letting 

N 

S,, be the stock price when the put has no value and defining AS =&, results in a 
M 

total of M+I stock prices O,AS,2AS, ....... Sm, . One of these is assumed to be the current 

stock price. The grid consists of (N + 1 ) ( ~  +1) points. Point (i, J ]  corresponds to time 

iAt and stock price j A S .  f ,  represents the option value at the point (i, j). The 

af af objective is now to construct approximations of the partial derivatives -,- and 
at as 

- of Equation (A). In general, the two most popular approximations are the implicit 
as2 

and explicit difference methods. 

Implicit Finite Differences. 

af At the point (i, J ]  on the grid above, the partial derivative, -, may be approximated as a as 
forward dzfference equation 

or by a backward difference equation 

af . In the implicit difference method, a symmetric approximation of - 1s obtained at point as 
(i, j )  using the average of both Equation (C) and Equation (D): 



For the partial derivative of the option,f, to time t, a forward difference approximation at 

i is suggested by Hull (1993). The value off at time jA t  is related to its value at time 

af In the same way as Equation (C) is the backward difference equation for - at the point as 

(is]'), the backward difference at point (i, j i l )  is '~'l-' . Applying both these 
AS 

approximations results in a finite difference approximation for the second order partial 

derivative a2f I. e. 
as2 ' 

Approximations for each of the partial derivatives in Equation (A) have now been 

determined. Substituting Equations (D), (E) and (F) into Equation (A) and letting 

S = jAS  , gives 

for i =  1,2 ....... N-1 andj= l , 2  ....... M-1. 



Equation (G) may be simplified and expressed as 

where 

The system is solved recursively from the terminal option condition at i = N and moving 

backward, one step at a time to the beginning at i = 0 . The methodology is similar to the 

binomial tree approach discussed in Chapter 6. Note that Equation (H) expresses the 

relationship among three different and unknown option values, & and A,,+, at 

time i, and one known value, A,,,,, at time (i+l). a,,bj and cj may, in fact, be viewed 

as the transitions probabilities to jump from state j at time i to state j+l ,  state j or state j-1 

at time i+l, respectively. 

For an American put option, Equation (A) is subject to one terminal condition and two 

boundary conditions. The value of the put at time T is max [X - ST, 0] when S, is the 

stock price at expiry time T. Thus 

fw=max[X- jA~ ,0 ]  fo r j=0 ,1  ....... M (1) 

When the stock price is zero, the value of the put is equal to the strike price, X. 1.e. 

LO =x for i=O, 1 ....... N (J) 



As the stock price increases, the value of the option decreases so that 

LM = o  for i = O ,  1 ....... N (K) 

The three conditions described by Equations (I), (J) and (K) define the value of the put 

option at S = S,, , S = 0 and t = T along three edges of the grid. Equation (H) must now 

be employed to determine the value off along the left side of the grid. I.e.the value of the 

option must be determined for each change in stock price,S = jAS . For the last time 

interval before expiry, T - At , wh'ere i = N-1, Equation (H) may be written as 

A useful rule of thumb when considering the size of stock price changes and time 

intervals, is that iAt, At,(i+l)At AS should be kept proportional to&. 

Equation (L) representsM -1 simultaneous equations that must be solved for M -1 

unknowns, f ,-,,,, f ,_,,,....... f ,_,, ,-, . This does not involve inverting a matrix. As 

mentioned above, f, is known from Equation (I). From Equations (J) and (K), 

f ,-,, = x and f ,-,, , = 0. The first equation in (L) may be used to express f ,  _,,, in 

terms of f,:,,, ; the second equation in turn may be used to express fN-,,3in terms of 

f,-,,, and so on. The final equation then provides a value for f,-,,l. This value is then 

used to determine the other f,_,, j .  After the equations have been solved, each value of 

f ,_,, is compared to the value of early exercise, X - jAS . If f ,_,, < X - jAS , then 

early exercise of the option is optimal at time T-At . f,-l,i is then set equal to 

X- jAS .  



The nodes corresponding to time T - iAt , i = 2, 3.. . . . .. N-2, are handled in the same 

way. Eventually this iterative process yields the beginning option values, 

fol,fo2,fo ,,..... Given the current value of S and time to maturity of the option, one 

of these is the American put option price of interest. 

The beauty of the implicit finite difference method is its robustness. It always converges 

to the solution of the differential equation as ASand At approach zero. However, it is 

laborious in that M - 1 simultaneous equations relating three different option values at 

time i to one value at time i+ I, must be solved. For many practitioners and academics, 

the answer to this dilemma lies in the explicit finite difference method. 

Explicit Finite Differences. 

af a2f The implicit difference method may be simplified if the values of - and -at the as as2 
point (ij) are assumed to be the same as at the point (i+lj). This is a reasonable 

assumption since the time increment, At ,  is usually small. Substitution into both 

Equations (D) and (F) yields 

af . - .A+~, j+l - f;+l,.i-l -- a2 f f;+l,j+l + f;+l.j-I - 2f;+l,j - and -- 
dS 2AS as2 AS2 

Equation (H) then becomes 

f l i  = ajf;+1,,-1 +qf;+,,i + c;J;+i, j+l  

where 

~ ~ i a t i o n  (M) gives the relationship between one (unknown) value of the option, A,, at 

time iAt and three different (but known) values of the option, f;+l,j-Irfi+l,j,~+l,j+ll at 



subsequent time (i + 1)At. All the data is known (or has been derived) from the previous 

step in the backward iterative process. Thus, contrary to the implicit difference scheme, 

only one equation need be solved at a time. In this regard, the explicit finite-difference 

method is similar to the lattice approach discussed in Chapter 6. The figure below 

illustrates the difference between the implicit and explicit finite difference methods. 

Implicit Finite Difference Method Explicit Finite Difference Method 

The coefficients, a:, by,cj, contain the actual risk-neutral probabilities of the system 

which may be interpreted as follows : 

1 .  
1 .  

1 --vat +-a2 j2At is the probability of the state variable (or stock 
2 2 

price), S, decreasing from jAS to ( j  - 1)AS in time At 



2. 1 - a2 j2At is the probability of S remaining unchanged at jAS in time 

At .  

3. 1 .  1 -rjAt +-u2 j2At is the probability of S increasing from jAS to 
2 2 

(jf1)ASintime At .  

These probabilities sum to unity and they should all be positive. If these two 

conditions do no hold, instability problems may be experienced for large values of 

j .  A logarithmic transformation of S is often applied in order to improve stability 

and efficiency. 

In view of the above, the explicit finite difference expression in Equation (M) 

essentially states that the current option value is obtained from the expected future 

option values one period hence, discounted back one period at the riskless rate of 

interest. 1.e. using the probabilities in a trinomial lattice, the system moves from 

the expected value off at time (i + 1)At to the value off at time iAt . 

Although the explicit difference method is less complicated than its implicit twin, 

it does not always produce results that converge to the solution of the differential 

equation. This problem can however, be overcome in a number of ways. Hull 

and White show how this problem may be overcome in "Valuing Derivative 

Securities using the Explicit Finite Difference Method." (Hull and White, 1990) 
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Introduction 

Purpose of the document 
In accordance with our terms of reference, an independent valuation of Peppadew 
International (Pty) Ltd ("Peppadew") and Piquante International ("Piquante") is required for 
the purpose of providing the directors of Denny Mushrooms (Pty) Ltd ("Denny's") with an 
independent value of Denny's interest in the companies as at 1 October 2002 if d~sposed as a 
going concern on a willing buyer and willing seller basis. 

Sources of information 
The principal sources of information used in preparing this report are as follows: 

rn Historic financial statements for Peppadew for the periods 30 June 2000 and 30 
September 2001 ; 

rn Management accounts for the eleven months ended 3 1 August 2002 and an estimate of 
the September numbers for Peppadew; 

Forecasts for Peppadew and Piquante as provided by management of Peppadew; 

Inteniews with Reilly Keen (financial director- Denny and Peppadew), Richard Baker 
(chairman- Denny), and Phil Ovens (managing director- Peppadew); 

rn Research on similar local and international companies; and 

r A prior information memorandum prepared by Peppadew management. 

Limitations on scope 
We have relied upon the sources of information referred to above and the representations 
provided in undertaking the valuation. Except where specifically stated, we have not sought 
to establish the reliability of those sources. We have however reviewed the information and 
have sought explanations for key trends and salient features identified by us. We have also 
satisfied ourselves, as far as possible, that the information presented is consistent with other 
information obtained by us in the course of the work undertaken to prepare this report. 

We draw your attention to the fact that the valuation does not constitute an audit or due 
diligence. 

The valuation is a function of the assumptions incorporated within the valuation 
methodology. In particular, the valuation assumes that the future projections as indicated by 
management are realisable or, as a minimum, undekstood by a potential investor whb has a 
similar outlook of the projected ievel of cash flow. Given the limited available history of the 
companies, it is important to note that reliance has been placed on managements forecasts 
being realistic. 
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1.3.4 Net revenue has been assumed to grow at an average compounded growth of 66% p.a. for 
the next five years. This growth assumption is the biggest contributor to the value derived for 
Peppadew and Piquante. Any variation in the growth rate of future revenues will have a 
material impact on the value of these operations (refer to section 7 for reasonableness tests) 

1.3.5 Limited information was made available in connection with Piquante. We have therefore 
relied heavily on management for the level of historic activity and the agreements that exist. 

1.3.6 The true value negotiated between parties on a willing buyer willing seller basis may differ 
from this value as it is dependent upon considerations, including but not limited to, relative 
positions of strength, emotive issues, differing news of trading projections, growth potential, 
different assessments of risk human resource issues, warranty conditions, etc., all of which 
can only be determined through a process of negotiation. 

1.4 Confidentiality 
1.4.1 This report is provided on the basis that it is for the information of Peppadew and its 

directors only and that it will not be quoted or referred to, in whole or in part, without our 
prior written consent. 
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2 Industry environment 

2.1 'Overview 
2.1.1 Sweet piquante peppers are the fust new fruit to be launched in 26 years. The main focus of 

Peppadew is the contracting of farmers and the processing and marketing of these sweet 
piquante peppers to a worldwide market, which meets the worldwide trend to spicy foods 
and eating away from home or easier food preparation at home. 

2.2 Industry competitiveness 
2.2.1 Peppadew currently operate in the pickle and condiments sector of the food market. 

However, as apposed to other fruit companies, Peppadew have exclusive use of the local and 
international patents, trademarks and plant breeding rights for sweet piquante peppers via a 
royalty agreement with Piquante. It is estimated that these rights will prevail for at least the 
next 10 years during which time the company intends establishing a worldwide brand which 
will act as a barrier to entry. 

2.2.2 Due to the intellectual property rights that have been registered worldwide there are therefore 
no direct competitors for the fruit. There are also no direct substitutes. They compete with 
other peppers and spicy foods but have the advantage of a unique taste that differentiates 
them from the rest of the market. 

2.3 Customer strength 
2.3.1 Peppadew have a number of high profile local and international customers. These include: 

South Afiica- listed with every major retailer including Woolworths and Pick & Pay; 

UK- Majority of retailers including Sainsburys, Tesco, Asda, Waitrose and Coscos; 

= US- High profile up market stores like Wegmans, Kings, and Food Emporium. Also 
working with Pizza Hut and Domino P i m .  

2.3.2 Other countries where a market has already been established include Japan, Scandinavia, 
Canada, Switzerland, Italy and Germany. New markets being established at present include 
Holland, Mexico, New Zealand, Australia and Dubai. 

2.3.3 Each international market has a chief agent1 distributor who facilitates the placing of goods 
in the retail outlets. Due to the broad geographic focus, no market is currently key. It is 
therefore felt that no customer has excessive strength and limited risks are associated with 
the customers. 
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2.4 Supplier strength 
2.4.1 Peppadew has control of the international plant breeder rights and as such control their o m  

supply by outsourcing the farming. However, the concern is that as this is a new plant, there 
is limited howledge on the ideal growing conditions. As a result it is currently dificult to 
forecast the yields that will be achieved and the variability of supply exposes Peppadew to 
the risk of not meeting demand or having an oversupply. 

2.4.2 Although suppliers do not pose a risk, an irregular supply of the fruit does pose a potential 
risk. The risks are reduced as a result of the short time it takes for the plant to grow from a 
seed to a h i t  producing plant. At present the plant grows over a four month period and 
produces h i t  for a further four months. They are therefore able to estimate potential 
oversupply and make some adjustments in the medium term to the next harvest 

2.4.3 Peppadew are endeavouring to further address this risk by commissioning studies of the ideal 
growing conditions and assessing the possibility of utilising intensive farming for part of 
their supply. 
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Company overview 

Company backgrounds 
Sweet piquante peppers were discovered by John Steenkamp at his Plettenburg Bay holiday 
home. Extensive research of the plant led him to discover that the plant was a new species 
that enabled him to name the plant and to secure breeders rights. He also developed a secret 
recipe to process the fruit that effectively removed the extreme heat fiom the h i t .  He 
invented the brand Peppadew and followed this by registering the plant breeders rights and 
patent of the process internationally as well as the trademark. 

The production facilities were housed in Peppadew Tzaneen (F'ty) Ltd (now Peppadew 
International (Pty) Ltd) and the intellectual property rights are housed in Piquante 
International, which earns 3% royalty on the invoiced value of Peppadew sales. 

He initially received funding from a Scandinavian company. In July 2000 Denny 
Mushrooms acquired a shareholding in Peppadew International and Piquante International 
and have since been providing the majority of the funding and management expertise for 
ongoing operations. 

The current shareholders of Peppadew International are as follows: 

Denny Mushrooms 89% 

Johan Steenkamp 10% 

Other . . 1% 

The current shareholders of Piquante International are: 

Denny Mushroom 50% + 1 share 

Others 50% 

Products and services 
The current focus is to provide limited products to a broad international market. E s  
involves the supply of the fruit only. Once the brand is establ~shed Peppadew wili market 
other products such as pastes and spices. This valuation has not considered the markets for 
these additional products due to the uncertainty attached to these markets and the lack of 
information available on the potential markets. 
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Commercial agreements or alliances 
Peppadew has the perpetual exclusive rights to the use of the fruit and the patents registered 
within Piquante. As the controlling shareholder of Piqante , Denny's also have direct control 
over the intellectual property. No other significant or material commercial agreements or 
alliances exist. 

Historic results 
Set out below is a summary of the income statements up to the EBIT (earning before interest 
and tax) level of Peppadew for the financial years ended 28 February 1999 to 30 September 
2002 No formal financials were provided to us for Piquante International. 

Tabk I: H i a . r i d  and f o r e m  h n r r  raIemmrfar Peppdmv 

Audited Audited Unaudited AchcaLr 

andForecart 
16 months 15 months 12 months 

30 June 00 30 Sept 01 31 Sept 02 
R '000 R '000 R '000 

Net ~nvolce value NIA NIA 20 904 
Sales deduct~ons NIA NIA (2 766) 

Net Revenue 6 437 11 390 18 138 
Cost of sales (2 565) (Y 005) (15 0661 

Gross profit 3 872 4 385 3 072 
Dlrect marketing 0 (966) (4 437) 
Operat~ng expenses (10 643) (10 625) (6 189) 
Earnmgs before Interest and tax (EBIT) (6 771) (7 206) (7 554) 

Key performance indrcators 
Gross profit % 

Net revenue growth rate (annual~ud) 
D~rect marketmg as a % of net invoice value 
Operating costs as % of net invoice value 
EBIT to net invoiced value 

Source: Audited annualfinancial statements and management accounts 

Revenue 

Since Denny Mushrooms became involved, they have managed to grow net revenues at over 
80% a year due largely to their marketing expertise and contacts. 
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Gross Prop 

3.4.3 The Gross profit percentage has dropped due to the learning curve in automating some of the 
processes to handle the packing of products for the food service market. It is believed that 
the problems identified are well on their way to being solved. 

Direct Marketing 

3.4.4 Direct marketing has exceeded the accepted norm of 15% in the food industry. This is due to 
the focus on breaking into new international markets and the costs associated with this. It is 
anticipated that the higher than normal levels will continue for a short period after which it 
will reduce to more acceptable levels. 

Operating erpenses 

3.4.5 The operating expenses have been better controlled as the increased revenues have absorbed 
some of the excess capacity. Furthermore the recent absolute drop in costs is due to a focus 
on costs and some forex gains that have been included in the operating expenses. 
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4 Basis of valuation 

4.1 Methodology 
4.1.1 There is no single standard or specific formula available to determine the fair market value 

of a company's shares but rather a variety of approaches, the most common being: 

m Discounted cash flow; 

Capitalisation of maintainable earnings at a fair price earnings ratio; 

Capitalisation of future dividends at a fair dividend yield; and 

Net asset value. 

4.1.2 The above valuation methodologies have been summarised below: 

The discounted cash flow methodology is based on the anticipated future cash flows of 
the business. These projected future cash flows are discounted together with the value of 
the company in perpetuity, at the company's weighted average cost of capital, taking into 
account the risks associated with the business; 

The capitalisation of maintainable earnings methodology is based on the assumption that 
an investor, in purchasing a business, is acquiring a future earnings stream. The expected 
future maintainable earnings are capitalised at an appropriate price-eamings ratio, having 
regards to the risks and growth potential of the business being valued; 

The capitalisation of future dividends at a fair dividend yield methodology is used to 
value a minority interest, which interest has no influence on the business's earnings or its 
declared dividend. The value of the minority holding is determined by capitalising the 
anticipated dividends at an appropriate dividend yield; and 

The net asset value methodology is useful in valuing non-trading businesses which are 
primarily asset based e.p. property and commodity companies. It is also a useful 
methodology when the "going concern" assumption is no longer applicable to the entity 
being valued. 

4.2 Basis of valuation 
4.2.1 The primary valuation technique adopted in undertaking this valuation has been the 

discounted cash flow methodology, assuming a willing buyer and willing seller, and based 
on anticipaiedfictureprofitj and cashflows (as pei out letter of eagageineni). 

4.2.2 As there are currently no positive earnings and therefore no dividends we have not used 
either capitalization method. Due to the size of the shareholders loans, the net assei value is 
also meaningless and has therefore been ignored. 
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5 Discounted free cash flows 

5.1 Free cash flows 
5.1.1 The future forecast cash flows to be discounted are the "free cash flows" which is the cash 

available from a business after all internal funding requirements necessary to maintain a 
required rate of growth have been met. Free cash flow is defined as the cash available to all 
providers of finance (shareholders and lenders to the company) and is discounted at the 
weighted average cost of capital to determine the present value of the future forecast free 
cash flows. 

5.1.2 Free cash flows = NOPAT - I 

where 

NOPAT (net operating profit after tax) is the pre-interest, pre-non operating and 
extraordinary items, after-tax earnings of the business. 

I (investment) is the investment in operating assets (net of depreciation) required to maintain 
and grow the business. This includes the flow of funds as a result of changes in working 
capital and investment in capital equipment. 

Forecast free cash flows- Peppadew 

5.1.3 Set out in Annexure I are the projected free cash flows of Peppadew for the years ending 30 
September 2003 to 30 September 2012. The forecast cash flows have been prepared by 
Peppadew management. These forecasts and the assumptions underlying these forecasts have 
bee0 discussed wth management and compared wth historical cash flows generated during 
the periods ended 30 June 2000,30 September 2001 and 30 September 2002. 
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2003 to 30 September 2007 are presented below. For presentation purposes a further five 
forecast years are included in Annexure I. 

Table 2: Smmrised i n m l s m ~ ! J  ofPepmdev 

Forecast Forecasr Forecast Forecasr Forecast 

30 Sept 03 30 Sepr 04 30 Sept05 30Sepr 06 30Sept 07 
R '000 R '000 R '000 R '000 R '000 

Net invoiced value 41 098 80 149 140 247 200 553 260 718 
Sales deductions (3 141) (7 384) (12 923) (18 481) (24024) 

Net Revenue 37 957 72 765 127 324 182 072 236 694 
Cost of sales (23 148) (44 193) (74 366) (105 987) (139448) 

Gross profit 14 809 28 572 52 958 76 085 97 246 
Direct marketing (5 588) (10 000) (18 000) (22 000) (25 000) 
Operating expenses (8 429) (12 162) (17 857) f23 949) (30 443) 

Earnings before interest and tax 

:€BIT) 792 6 410 17 101 30 137 41 803 

Key performance indicators 

Sross profit % 36% 36% 38% 38% 37% 
Vet revenue growth rate 
:annualised) NIA 92% 75 % 43% 30% 
Direct marketing as a % of invoice 

ralue 14% 12% 13% 11% 10% 
3pnating costs as % of turnover 21% 15% 13% 12% ! 2% 
?BIT to revenue 2% 8% 12% 15% 16% 

Revenue 

The first five years are expected to have significant revenue growth as new markets are 
entered and each market grows. This is expected to taper off gradually until a steady growth 
rate of 6% is achieved in 2012. 

Gross Profit 

Cost of sales is detexmined based on an expected gross profit percentage of between 35 and 
40%. This does not take into account the potential increase in gross profit margin due to 
Peppadew costs being incurred in declining South African rands while receiving hard 
currencies. Furthermore, exported fruit produces a higher margin and as the sales mix moves 
more towards export sales, the average gross margin should improve. 
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Direci marketing 

Direct marketing is expected to drop as a percentage of revenue to a more acceptable level of 
around 10% as the markets become more established. 

Operating evpenses 

Additional costs have been allocated to Peppadew for expenses that Denny incurs on their 
behalf but which are not charged to Peppadew at present. This relates to the use of Denny's 
IT, debt collection, fmancial director and system support facilities. 

Forecastfree cashflows- Piquante 

Set out in Annexure I are the projected free cash flows of Piquante for the years ending 30 
September 2003 to 30 September 2012. The forecast cash flows have been prepared by 
Peppadew management. These forecasts and the assumptions underlying these forecasts have 
been discussed with management. Historical information was not made available to us and 
we have therefore been unable to make comparisons. This forecast is a function of the 
Peppadew forecasts, given that Piquante earns a 3% royalty on Peppadew turnover. 

The summarised forecast income statements of Piquante for the years ending 30 September 
2003 to 30 September 2007 are presented below. For presentation purposes a furiher five 
forecast years are included in Annexure I. 

Table 3: Summrbed h c m c  storemem ofPQunnle 

Forecast Forecm Forecan Forecast Forecast 
30 Sepr 03 30 Sept 04 30 Sept 05 30 Sept 06 30 Sept 07 

R '000 R '000 R '000 R '000 R '000 

Royalty 1233 2 404 4 207 6 017 7 822 
Expenses (350) (420) (504) (605) (726) 

Earnings before interest and tax 

(EBIT) 883 1 984 3 703 5 412 7 096 

Source: Mana.qement forecasts 

At present the royalty agreement results in a payment of 3% of all invoiced sales from 
Peppadew to Piquante. We have therefore correlated Piquante's royalty revenue to be in line 
with Peppadew's revenue projections. 
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Expenses 

5.1.12 The only costs to be borne by Piquante relate to the renewal of the intellectual property 
rights, defence of these property rights and some administration costs involved in running 
the company. The expenses are being grown at 20% per m u m  to take into account 
increased protection of the intellectual property as the product becomes more widely known. 

Overall assumptions 

5.1.13 We have assumed that a potential investor in Peppadew and Piquante has a similar outlook 
of the assumptions used to be able to place reliance on the projected earnings1 cash flows. 

5.1.14 Since the forecast is based on assumptions concerning future events, actual results may vary 
from the forecast presented and variations may be material. Accordingly, we express no 
opinion on whether or not the forecasts will be achieved. 

Taxation 

5.1.15 Peppadew currently has a significant assessed loss that is anticipated to be in the region of 
R34 million. We have taken this into account in the forecast cash flows in order to determine 
the point at which taxes become payable. Thereafter an effective tax rate of 32% has been 
assumed. 

5.1.18 Piquante is registered offshore and as such is expected to have a low tax rate. However, as 
the effective management of Piquante is based in South Africa, we have assumed that 
Piquante will be taxed in line with South African tax legislation at an effective tax rate of 
32%. 

Perpetuiry value 

5.1.17 The calculated perpetuity value for Peppadew assumes that the company will continue to 
grow at 6% p.a. (nominal) and that depreciation approximates future capex requirements. 
The growth rate is considered feasible as management believe that the main source of 
earnings will be in hard currencies which should continue to appreciate against the South 
African rand. 

Shareholders loans 

5.1.18 Shareholder .loans currently comprise over 90% of the funding of Peppadew with the 
majority being funded by Denny Mushrooms. As there are no futed terms of repayments and 
interest is charged but capitalised, we feel that the shareholder loans represent quasi equity 
and we have therefore valued these ioans separately. 
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5.1.19 In order to ascertain their value we have assumed that the free cash flow required generated 
by Peppadew will by funded by1 repaid to the shareholders as and when it is earned, and 
have excluded interest from the calculation. We have then discounted the resultant cash 
flows at the weighted average cost of capital of Peppadew. 

5.1.20 In order to apportion the loans between the various shareholders we have used the ratio that 
will be applicable after taking into account the additional funds required for the next two 
years. As Denny Mushrooms wi! provide all of this funding the current split in shareholder 
loans will not be maintained. Detailed calculation are included in Annexure I. 

5.2 Weighted average cost of capital 
5.2.1 A discount rate to determine the present value of the skeam of future cash flows has been 

based on the company's Weighted Average Cost of Capital (WACC). A company's WACC 
is derived from the cost of equity and the after tax cost of debt in proportions to the long 
term target capital structure of the company. 

5.2.2 For the purposes of these valuations we have assumed that as the risks with Peppadew and 
Piquante relate to the same product they should be valued using the same WACC. Similarly, 
the repayment of the shareholder loans has been valued using the WACC rate. 

Cost of equity 

5.2.3 The cost of equity capital (C) is determined by applying the Capital Asset Pricing Model, 
which is 

where' 

Rf is the risk free rate 

R, is the return on the market 

R, - Rf is the market risk premium 

p is the risk index or beta co-efficient. 

Risk free rate (Rb 
5.2.4 A risk free rate of 11.67% has been assumed, based on the prevailing return on long-term 

government stock (R153j as at 1 October 2002. The R153 has been selected as it is a long 
term Government Bond with high liquidity and also attracts overseas investors. 
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Market riskpremium (R, - Rj 
5.2.5 A market risk premium is the premium over and above the risk free rate appropriate for 

investing in an average listed company. This premium is based on empirical studies, which 
compare the return on the All Share Index ("ALSI") to the yield on long term government 
bonds. 

5.2.6 Aswath Damodaran in his book Investment Valuation states a market risk premium of 7,5% 
is applicable for emerging markets without political risk. Stem Stewart and Co. believe a 
market risk premium of 6% (UK and USA research) is correct for whichever country one 
researches, as the "country risk" is included in the risk free rate. In a survey published by 
PWC in February 2000 it was shown that the majority of valuation practitioners in South 
Afica use between 5% and 8% as a market premium. The debate of what the exact South 
A£iican market risk premium should be has not been concluded. For the purposes of this 
report and in line with the majority of KF'MG's valuations and based on KF'MG's own 
research, a market premium of 7.5% has been used. 

Risk index or Beta co-efficient 

5.2.7 The beta co-efficient is a measure of the volatility of the company's share price relative to 
the overall stock market. A higher beta co-efficient indicates a more volatile share price and 
therefore a perceived higher investment risk. The beta co-efficient of a company is a function 
of its business risk index (determined by operating risk, strategic risk, asset management, 
size and diversity) and its financial risk index (determined by the level of gearing in a 
company). For the purpose of a valuation the beta co-efficient of a listed company is usually 
derived ffom the company's historic share price movement relative to the market. 

5.2.8 Since Peppadew is an unlisted entity there is no share price history on which to base the Beta 
co-efficient calculation The Beta co-eficients of companies involved in comparable 
activities listed on the Johannesburg Stock Exchange are used as a proxy. 
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The results of regressions of share prices of the companies listed below, against the JSE 
Actuaries All Share Index as performed by the Department of Statistical Senices at the 
University of Cape Town for the five year period ended June 2002, using monthly data, are 
given below. 

AVI 
Crookes Brothen 
Illovo 
Intertrading 

Average 0.669 

Financial Risk Service for Johannesburg Stock Exchange Shares, a quarterly bulletin published by the Uniwrsiry 
ofcape Town 

The above comparable companies are used and weighted as follows: 

AVI focuses on a smaller range of products that fall into the more luxury type food items 
similar to Peppadew. The exception here is their interests in Consol glass. It has therefore 
only been weighted at 10%. 

Crookes Brothers 

Crookes Brothers produces primary agricultural products in sugar cane, h i t ,  grain and 
animal husbandry. Due to the focus on primary agricultural products we have only applied a 
10% weighting. 

nlovo focuses on a single product and some value added components. Due to the similar 
focus on a single product we have weighted this Beta at 30%. 

Intertradiig is an international trading company with a focus on the procurement and export 
of South African fruit. Due to its similarity with Peppadew's focus we have applied a 
weighting for Intertrading of 50%. 
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Resultant Beta 

5.2.15 Based on our experience and given the information shown above we estimate that an 
acceptable Beta for Peppadew and Piquante is 0.669 being the weighted average of the above 
companies. 

Additional risk factors 

5.2.16 It is normal for a private company to trade at a discount to listed companies mainly as a 
result of the restrictions on the marketability and transferability of the shares. We have 
therefore applied a 20% discount for Peppadew not being a listed company. 

5.2.17 In addition, the following factors need to be taken into consideration as these are unique to 
the business being valued (i.e. not shared by the companies listed above). 

This is a newly discovered fruit with no prior history in terms of the growth of the plant. 
There are therefore risks associated with ensuring a constant reliable supply to meet the 
demand. Either over or under supply could expose Peppadew to financial distress; and 

Although the initial signs are promising, the demand for the fruit is still largely unknown 
with limited historical information available. 

5.2.18 As a result of the above risks, we feel that the cost of equity should have a further 20% 
premium attached to it. 

Cost of equity 

5.2.19 Taking the above into consideration, a cost of equity of 24.03% is considered reasonable for 
Peppadew. 

Afrer tar cost of debt 

5.2.20 At present Denny's has access to funds at a rate of prime which implies an after tax rate of 
11.9%. With the backing of its holding company, it is felt that Peppadew will be able to 
borrow money at the same rate. 

Capital structure 

5.2.21 Denny Mushroom currently operates with a 50:50 debt equity ratio. It is felt that once 
Peppadew reaches a stable state they will be able to revert to this level. However, at this 
stage the risks associated with debt would be high and it is unlikely that this ratio wlll be 
used in the foreseeable future. Therefore we have used a 100% equity weighting to calculate 
the WACC rate. 
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Summary 

5.2.22 Based on the above we have effectively used the cost of equity of 24.03% to discount the 
future cash flows. 
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Valuation summary 
Based on the forecast assumptions and the calculation's set out in annexure I, the valuation 
of Denny's interest in Peppadew and Piquante amounts to approximately R58.2 million and 
is summarised below. 

Peppadew 
Discounted value of 6ee cash flows at 1 Octobei 2002 
Less: debt at valuation date 

Value of equity 

Denny Mushroom nuke 89% 42 149 

Piquante 
Discounted value of free cash flows at 1 October 2002 
Less: debt at valuation date 

Value of equity 

Denny Mushroom stake 50% 8 892 

Therefore Denny Mushroom total interest 

Peppadew 42 149 
Piquante 8 892 
Shareholder loans 7 139 

Total 58 180 

Source: KPMG calculntions 

Notwithstanding this valuation, we stress that the valuation would be materially different in 
the event that one or more of the fundamental assumptions discussed earlier do not prove to 
be valid. In particular the turnaround from historical losses to projected profits is a critical 
assumption. 

The above valuation is a function of the assumptions incorporated within the valuation 
methodology. In particular, the valuation assumes that the future projections as indicated by 
management are realisable or, .as a minimum, understood by a potential investor who has a 
similar outlook of the projected level of cash flow. 

The true value negotiated between parties on a willing buyer willmg seller basis may differ 
ffom this value as it is dependent upon considerations, including but not limited to, relative 
positions of strength, emotive issues, differing views of trading piojections, growth potential, 
different assessments of risk, human resource issues, warranty conditions, etc., all of which 
can only be determined through a process of negotiation. 
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Sensitivity analysis 
The most important value driver of Denny's interest is the discount rate used to discount the 
future cash flows. Due to the turnaround projections and a new worldwide product, the 
discount rate could be very subjective and could range from a low of 20% for a defensive 
food company to 35% for a company in its early growth phase. 

We have therefore provided a range of discount rates and the resultant values that would be 
generated. Set out below is a sensitivity analysis of Denny's interest in Peppadew and 
Piquante 

Tcble 6: Smitidyondysb on the dircomlmn 

Discount rate used Value ofDenny 's interest 

R '000 

20.00% 80 922 
24.03% 58 180 
25.00% 53 814 
30.00% 36 122 
35.00% 24 186 

Source: KPMG valuation 

The above calculation highlights the sensitivity of the value to changes in the discount rate 
used. 



Annexure I 
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APPENDIX 111 

GARCH(1,l) Model for the Estimation of Historical Volatility 

The general form of the model, u i  = w +at(-, +pu~- ,  , is applied with ui = ln - I;:, !.the 

continuously compounded return on day i, i= 1,2.. ... rn . u,, is defined as the volatility of 

a market variable on day n, as estimated at the end of day n-1 . The square of the 

volatility on day n, a:, is the variance rate. Si is the value of the market variable at the 

end of day i . 
CY = 0.028550 

Trial estimates of the GARCH(1,l) parameters : p = 0 
w = 0.00037 

Maximum value of the maximum likelihood function, 
i r l  

w 
The long-term variance rate is = 0.00038087 

1 - a - p  

The long-term volatility is J0.00038087°.00038087 or 1.95% per day. 

This translates into a 1.95%*&= 30.86% annualised volatility, in line with the value 

obtained using the standard (homoskedastic) approach to estimating volatility from 

historical data. There does not appear to be any significant shift in volatility during the 

period over which the analysis was conducted. 



The illustration below is a graphical representation of the daily volatility of the proxy 

companies used to estimate the volatility of Peppadew. For data and calculations, refer 

to the attached CD, 

File Name : Peppadew International 

Sheet name : Garch Model 

Daily Volatility of VVeighted Peppadew Proxies 
Period from 12 June 2002 to 229 September 2003 

0.08 , 

2002102/13 2002/05/24 2002/09/01 2002/12/10 2003/03/20 2003/06/28 2003/10/06 2004/01/14 

Date 
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Market Forward Rates and Volatility Quotes. 
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