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ABSTRACT

The rate of economic change is more rapid than ever. Emerging business
models are challenging the traditional ways of doing business. Newly unregulated
markets are contributing to greater uncertainty. The breakneck pace of change and
elevated uncertainty demand new ways of strategic thinking and new tools for financial
analysis. Real option are at the core of such a strategic and financial framework.
The real option approach applies financial option theory- the best known form is
the Black-Scholes model- to real investments, such as manufacturing plants, line
extensions, and R&D investments. This approach provides important insights about
businesses and strategic investments insights that are more important than ever given the
rapid pace of economic change. It is best viewed as a complement to standard DCF
analysis. For those comfortable with DCF, real options have substandial intuitive appeal.
By adding an important dimension of analytical flexibility, real options allow for a better
melding of strategic intuition and analytical rigor. Another approach that would like to
suggest the binomial option-pricing model which also is currently the most widely used
real options valuation method. This approach describes price movements over time, where
the asset value can move to one of two possible prices with associated probabilities. It is
not necessary to delve into the math to intuitively understand how the binomial model
works.Most traditional businesses can be valued using DCF, as the general focus is
optimization - doing things better today than yesterday. Emerging businesses are best
valued using real options, as the focus is on "the next big thing."

II

This paper will provide the basic concept ofreal option which comparing with
the traditional approach - payback method, DCF (NPV) and IRR. All these three
methods are mostly used in the capital budgeting analysis. The methodology of real
option is included in this paper in the next part. It will provide the reader to understand
how to calculate the option value both for the continuous project and the discrete project.
To see how real option can apply with the project. We use the new product development
project as the base case to study the real option approach. As the project that we use as
base case is the higher profitability project it won't see much different in both approach.
However, we suggest the management to consider the real option approach as the
supplementary tools for the investment decision making.
Finally, this paper provides the binomial model simulation that was constructed to
value the option as the supplementary tool for management to apply with other project for
making the investment decision.
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CHAPTER 1 INTRODUCTION
Decisions about new investments in machines, a plant, or other assets as the
investment project are among the most important decisions that managers make for their
organizations. In many cases, a decision to invest means that the organization will have to
live with the effects of the investment for many years to come. Consequently, when new
investments are considered it is of great importance that managers have all possible
relevant information and that the information is analyzed with care in meaningful
manner.
Capital investment analysis always should begin with a careful search for
alternatives This is not always as easy as it first appears, because some alternatives
maybe more difficult to identify than others. Often investment alternatives have a sponsor
who stands to gain if his or her alternative is selected, and other alternatives will be
ignored or not mentioned by the spqnsor. Or an investment needs to be considered, and
any that cannot be eliminated before formal investment analysis begins need to be studied
and analyzed.
Three techniques are often used to help decide whether a capital investment should be
made or not made.
I.

The Payback Method

2.

Discounted Cash Flow (DCF) Analysis - Net Present Value (NPV)

3.

The Internal Rate of Return (IRR) Method

However, for this New World the rate of economic change is more rapid than
ever. There are the uncertainty of the market and the technology that will be the risky
point to the company. Newly unregulated markets are contributing to greater uncertainty.
The emerging of new technology is rapidly growing as well. We cannot predict when the

technology that we invest will be obsolete or the new emerging technology will come up
to replace the existing one. How the management makes the decision in this situation?
By using the conventional tools - DCF, IRR and Payback period maybe are not enough
for this uncertainty situation. Why they are not enough, we will explain in later chapter.
The breakneck pace of change and elevated uncertainty demand new ways of
strategic thinking and new tools for financial analysis. Real options are at the core of such
a strategic and financial framework. The real option provides the analytical flexibility that
standard valuation framework lack. It is the best viewed as a complement to standard
DCF analysis. For those comfortable with DCF, real option has substantial intuitive
appeal. By adding an important dimension of analytical flexibility, real option allows for
a better melding of strategic intuition and analytical rigor. Further, as real option pricing
models rely heavily on financial market data, the framework is closely aligned with the
real world.

1.1 OBJECTIVE
Despite the wide use of the traditional capital budgeting techniques NPV, IRR,
and Payback time among organizations, criticism have been raised against the static use
of them. The techniques only use tangible factor and do not take into account intangible
factors such as future competitive advantages, future opportunities, and managerial
flexibility. A relatively new technique to capital budgeting is the real option approach.
This approach has the potential to include the value of the project from active
management and strategic interactions using the valuation technique for financial options.
The main objective of this report is
- To study the real option theory how it can be applied for the valuation
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-To apply the project of new product line development project of HewlettPackard Company Limited as the base case for this study.
-To construct the simulation by excel-based application for valueing the
option that can apply in other similar projects.
The simulation that we have constructed is for the binomial model valuation,
which is used in valuing the development phase of the new product development project.
It is the user-friendly application that will be the supplementary tools for management for
making investment decision.

1.2 LIMITATION AND SCOPE OF PROJECT
This paper will study the real option theory and try to apply it to see how real
option value is different from the traditional method. In the present the real option are
applied in many industries such as oil&gas, petroleum or pharmaceutical industry. For
the IT investment also has some. Our study is to apply with the new product development
process of the company in IT industry which will launch the new product line in this year.
However, some information that we collect is the confidential data so it needs to be
shown in this paper as the summary and not in deep detail. The option that we apply are
the option to invest, option to defer and option to abandon which is the relevant option
through this project.
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CHAPTER 2 TRADITIONAL METHOD
To see how real option can help making decision, it needs to understand the
traditional way of capital budgeting analysis first.

2.1 THE PAYBACK METHOD
One of the simplest capital investment decision methods is the payback method.
To use it, analyst find a project's payback period-the number of time periods it will take
before the cash inflows of a proposed project equal the amount of the initial project
investment ( a cash outflow).
To calculate the payback period, simply add up a project's positive cash flows,
one period at a time, until the sum equals the amount of project's initial investment. That
number of time periods is the payback period. The formula is

Payback Period = Cost of project I Annual Cash Inflow

2.2 DISCOUNTED CASH FLOW (DCF) ANALYSIS
Discounted cash flow (DCF) analysis is a popular financial technique,
integrating many of the basic concepts of finance theory. Unknown risky future cash
flows are summarized by their expected (means) values, and are discounted to the present
at a risk-adjusted discount rate, and compared with current costs, yielding a net present
value (NPV), a single, simple measure for decision making.
The net present value (NPV) of a capital investment project is the amount of the
change in the value of the company as a result of undertaking the project. The change in
firm value may be positive, negative, or zero, depending on the NPV values.

4

If a project has an NPV of zero, it means that the company's overall value will

not change if the new project is adopted. A positive NPV means that the company's value
will increase if the project is adopted because the new project's estimated return exceeds
the company's required rate ofreturn. Conversely, a negative NPV means the company's
value will decrease if the new project is adopted because the new project's estimated
return is less than what the company requires.
To calculate the net present value of a proposed project, it add the present value
of project's cash flows and then subtract the amount of the initial investment. The
formula for NPV is:
NPV

=

E

CFl/(l+k)l)+(CF2/(l+k)2)+ ............. +

)+(CFn/(l+k)n~

Where CF = Cash flow at the indicated times
k

=

Discount rate, or required rate of return for the project

n =Life of the project measured in the number of time periods

NPV is normally used in two ways:
( 1)

To determine if independent projects should be accepted or rejected (the

accept/reject decision).
(2)

To compare acceptable mutually exclusive projects (the ranking decision)

NPV Accept/Reject Decision - A company should accept all independent projects having
NPVs greater than or equal to zero. Projects with positive NPVs will add to the value of
the company if adopted. Projects with NPVs of zero will not alter the company's value
but Uust) meet the company's requirement. Projects with NPVs less than zero should be
rejected because they will reduce the firm's value if adopted.
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NPV Ranking Decision - The mutually exclusive project with the highest positive NPV
should be ranked first, the next highest should be ranked second, and so on.

2.3 THE INTERNAL RA TE OF RETURN (IRR) METHOD
The internal rate of return (IRR) is the estimated rate of return for a proposed
project, given the project's incremental cash flow. Just like the NPV method, the IRR
method considers all cash flows for a project and adjusts for the time value of money.
However, the IRR results are expressed as a percentage, not a dollar figure. When capital
budgeting decisions are made using the IRR method, the IRR of the proposed project is
compared to the rate of return management requires for the project. The required rate of
return is often referred to as the hurdle rate. If the project's IRR is greater than or equal to
the hurdle rate (jumps over the hurdle), the project is accepted.

If the present value of a project's incremental cash flows were computed using
management's required rate of return as the discount rate, and the result exactly equaled
the cost of the project, then the NPV of the project would be zero. When NPV equals
zero, the required rate of return, or discount rate used in the NPV calculations, is the
projected rate of return, IRR. The equation to calculate IRR is shown as the following:

NPV

= =l
0

CFl/(l+k)l )+(CF2/(l +k)2)+ .. ........ . ..+ )+(CFn/(l+k)nJ

To find the IRR of a project using the equation above, fill in the cash flows, the n
values, and the initial invest figure. Then choose different values fork until the result
equals zero. The IRR is the k value that causes the left-hand side of the equation, the
NPV, to equal zero.
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When evaluating proposed projects with the IRR method, those that have IRRs
equal to or greater than the required rate of return (hurdle rate) set by management are
accepted, and those projects with IRRs that are less than the required rate of return are
rejected. Acceptable, mutually exclusive projects are ranked from highest to lowest IRR.
All of these 3 methods are widely used in the capital budgeting analysis which the
DCF is more effective than others.
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CHAPTER 3 REAL OPTION APPROACH
3.1 BACKGROUND OF REAL OPTION
Real options inherent in capital investment have long been acknowledged. For
example, Myers(1977) recognized the importance of considering investment opportunities
as growth options, and Kester(19B4) emphasized the importance of growth options in
investment decision making. Only recently, however, has much attention been paid to
actually applying the valuation methods of option-pricing theory to real options. The
"bottom line" of real options in capital investments is managerial flexibility; every
investment project presents some degree of flexibility in decision making. The first
challenge is recognizing the options inherent in investment decisions. The second
challenge is to value these options and incorporate them into the valuation process.
The term "real options" apparently came into being with the 1977 work of Myers,
in which he breaks down the value of a company into two components - the present value
of assets in place and the present value of future growth opportunities. The vast majority
of the early academic research in real options following Myers's work focused on the
mining and oil and gas industries. Over time, researchers have explored different options
inherent in investment decisions, including the abandonment option, the flexibility to
switch, the option to enter and exit, the right to defer, and the option to exploit successive
innovations. The typical options inherent in an investment opportunity include the option
to abandon, the option to expand or grow , the option to defer investment, and the option
to change by altering the mix of production or use of the capital assets.

8

The basic idea of real options valuation is to consider that the value of an
investment extends beyond its value as measured by traditional DCFs or net present value
(NPV). In other words, the value of a project is supplemented by the value of its options.
The strategic NPV is the sum of traditional NPV, which we call the static NPV and the
value added of the option analysis:
Strategic NPV =Static NPV +Value added of the option analysis
Like options on financial assets, a real option can be a call option, which is the
option to buy an asset, or a put option, which is the option to sell an asset. Like other
options, a real option can be an European option, which is an option that can be exercised
only on a specific date, or an American option, which is an option that can be exercised at
any time on or before a specific date. In some cases, a real option can be in the form of an
option to exercise another option, which is referred to as a compound option.
All options are characterized by an underlying asset, such as stock or foreign
currency, and permit the right to buy (if a cal)) or sell (if a put) the underlying asset at a
fixed price. That price is called the exercise price, which is also sometimes called the
strike price. Options have a finite life: They expire on a specific date, and either on that
date of before (if an American option), a decision is made whether to exercise the option.
When the older of a call option exercises it, the exercise price is paid and the underlying
asset is acquired; when the holder of a put option exercises it, the underlying asset is
delivered and the exercise price is received .
Determining an option's value is a task that requires the use of theoretical
models Under certain assumptions, the valuation of an option is obtained by a formula
developed by Black and Scholes(1973) and Merton(1973). The formula's impact on the

9

financial industry has been tremendous and has led to the growth of a large market in
financial options and other derivatives. It is probably safe to say that this is the most
widely applied theoretical model in the entire financial world. In recognition of the
tremendous contribution of the model, Scholes and Merton received the

1997 Nobel

in economics for their role in its discovery. Black, who had died in

was ineligible for

1995,

Prize

the award but is widely recognized as a major contributor. Normally referred to as the
Black-Scholes model, its derivation is technically quite complex, but its basic structure is
simple. How this model works, we will show in the methodology real option topic.
3.2 REAL OPTION DEFIED
Real options analysis extends financial option theory to options on real, or nonfinancial, assets. A financial option gives its owner the right-but not the obligation
-to purchase or sell a security at a given price. Analogously, a company that has a real
option has the right-but not the obligation-to make a potentially value-accretive
investment. Investment examples include new plants, line extensions, joint ventures, and
licensing agreements.
This approach is best viewed as a complement to standard DCF. For those
comfortable with the DCF model, real options have substantial intuitive appeal. By
adding an important dimension of analytical flexibility, real options allow for a better
melding of strategic intuition and analytical rigor. Further, as real option pricing models
rely heavily on financial market data, the framework is closely aligned with the real
world.

10
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What is Option
An option gives its holder the right, but not the obligation, to buy (call option) or
sell (put option) a designated asset at a predetermined price (exercise price). Options have
value because their terms allow the holder to profit from price moves in one direction
without bearing (or, limiting) risk in the other direction.
An American-style option gives the right to exercise the option at anytime
before maturity; European-style options maybe exercised only at maturity.

3.3 METHODOLOGY OF REAL OPTION
3.3.1 Black-Scholes Option Pricing (Continuous Time)
The Black and Scholes Option Pricing Model is an approach for calculating the
value of a stock option. The Black and Scholes Option Pricing Model didn't appear
overnight, in fact, Fisher Black started out working to create a valuation model for stock
warrants. This work involved calculating a derivative to measure how the discount rate of
a warrant varies with time and stock price. The result of this calculation held a striking
resemblance to a well-known heat transfer equation. Soon after this discovery, Myron
Scholes joined Black and the result of their work is a startlingly accurate option pricing
model. Black and Scholes can't take all credit for their work, in fact their model is
actually an improved version of a previous model developed by A. James Boness in his
Ph.D. dissertation at the University of Chicago. Black and Scholes' improvements on the
Boness model come in the form of a proof that the risk-free interest rate is the correct
discount factor, and with the absence of assumptions regarding investor's risk
preferences.
The price of a financial option is typically estimated by the application of the
Black-Scholes formula:

11

Se-Ot·{N(d1)} - Xe-rt{N(d2)},
where d1 = {ln(SiX) + (r-8+cr212Jt}1crv1;,
d2 = d1-cr·(t:"

S =stock price, X =exercise price, d =dividends, r =risk-free interest

rate, s =uncertainty, t =time to expiry, and NrdJ =cumulative normal distribution
function. The real-market equivalents of these factors are as follows:

Stock price rSJ: the present value of cash flows expected from the investment opportunity
on which the option is purchased.

Exercise price (.X): the present value of all the fixed costs expected over the lifetime of
the investment opportunity.

Uncertainty

(S):

the unpredictability of future cash flows related to the asset; more

precisely, the standard deviation of the growth rate of the value of future cash inflows
associated with it.

Time to expiry (fJ: the period for which the investment opportunity is valid.
This will depend on technology (a product's life cycle), competitive advantage
(intensity of competition), and contracts <patents, leases, licenses).

Dividends rdJ: the value that drains away over the duration of the option. This could be the
cost incurred to preserve the option <by staving off competition or keeping the
opportunity alive), or the cash flows lost to competitors that invest in an opportunity,
depriving later entrants of cash flows.
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Risk-free interest rate rrJ: the yield of a riskless security with the same maturity as the
duration of the option.
The Black and Scholes Model makes the following assumptions.

1.

The stock pays no dividends during the option's life
Most companies pay dividends to their share holders, so this might seem a serious

limitation to the model considering the observation that higher dividend yields elicit
lower call premiums. A common way of adjusting the model for this situation is to
subtract the discounted value of a future dividend from the stock price.

2.

European exercise terms are used

European exercise terms dictate that the option can only be exercised on the expiration
date. American exercise term allows the option to be exercised at any time during the life
of the option, making American options more valuable due to their greater flexibility.
This limitation is not a major concern because very few calls are ever exercised before
the last few days of their life. This is true because when you exercise a call early, you
forfeit the remaining time value on the call and collect the intrinsic value. Towards the
end of the life of a call, the remaining time value is very small, but the intrinsic value is
the same.
3.

Markets are efficient
This assumption suggests that people cannot consistently predict the direction of

the market or an individual stock. The market operates continuously with share prices
following a continuous IT process. To understand what a continuous IT process is, you
must first know that a Markov process is "one where the observation in time period t
depends only on the preceding observation." An IT process is simply a Markov process in
13

continuous time. If you were to draw a continuous process you would do so without
picking the pen up from the piece of paper.
4.

No commissions are charged
Usually market participants do have to pay a commission to buy or sell options.

Even floor traders pay some kind of fee, but it is usually very small. The fee that
individual investors pay is more substantial and can often distort the output of the model.
5.

Interest rates remain constant and known
The Black and Scholes model uses the risk-free rate to represent this constant and

known rate. In reality there is no such thing as the risk-free rate, but the discount rate on
U.S. Government Treasury Bills with 30 days left until maturity is usually used to
represent it. During periods of rapidly changing interest rates, these 30 day rates are often
subject to change, thereby violating one of the assumptions of the model.
6.

Returns are lognormally distributed
This assumption suggests, returns on the underlying stock are normally

distributed, which is reasonable for most assets that offer options.

3.3.2 Binomial Model(Discrete-Time)
The binomial option-pricing model is currently the most widely used real options
valuation method. The binomial model describes price movements over time, where the
asset value can move to one of two possible prices with associated probabilities It is not
necessary to delve into the math to intuitively understand how the binomial model works.
Figure 3-1 represents the binomial process through a decision tree. Since an option
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represents the right but not the obligation to make an investment, the payoff scheme to
the option-holder is asymmetric. In other words, options are only exercised if they have a
positive value and are left unexercised if worthless. A brief study of the decision tree
shows that time and the range of outcomes are key to option value.

The Binomial

Figure 3-1: Binomial Process through a Decision Tree

The range of potential outcomes is a particularly important dimension in option
value. This range has been dubbed the "cone of uncertainty," and can be recast
visually as a more familiar bell-shaped distribution. (See Figure 3-2)Wider outcome
distributions-higher volatility-lead to higher option value.
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Parameters of Binomial Model

S: current value of the underlying asset (at the beginning of the period)
p: (risk-adjusted) probability of an !!pward move
1-

p: (risk-adjusted) probability of a gownward move

u: multiplier for an upward move
d: multiplier for a downward move
r: risk-free rate per period (percentage/100)

16

c+=uS

one period movement of S
1-p

c-=dS

Payoffs
C : value of contingent claim on Sat the beginning of the period
c+, c-: payoffs on the contingent claim at the end of one period

> also the possible values of the contingent claim at the end of one period
If C is a call option on S with strike price X:
c+ = max(S+ -

X, 0)

c- = max(S-- X, 0)

If C is a put option on S with strike price X:
c+ =max(X-S+, 0)
c- = max(X -

s-, 0)

c+

one period movement of C
1-p

c-

c =(pc+ + (1-p) C-1/(1 + r)

17

where

p

= (1 + r - d)/(u -

d) and

l-p=(u-r-1)/(u-d)
When u > I + r > d, p and I -

p can be interpreted as a probabilities. Then the current

value of the contingent claim, C , corresponds to the expectation of its future payoffs
under these probabilities, discounted to the beginning of the period using the risk-free
rate.

In this case p and I -

p are called risk-ne.utral probabilities. Note that C does

not depend on the actual probabilities p and I -

p. Neither does it depend on a particular

choice of the future payoff vectors.
Multiple Periods
The argument remains valid over multiple periods provided that d <I + r < u.
The replication strategy is repeated for consecutive periods -- that is the replication
portfolio is re-adjusted at each period.

If d, u, and rare constant, the risk-neutral probabilities are constant over multiple
periods. The present value of the claim can then be computed from the risk-neutral
expected values of its future payoffs. The model is applied in a recursive manner starting
from the leaf nodes of the underlying lattice and moving toward the root, one period at a
time.
How to Choose the Binomial Model Parameters
Suppose we are operating in a multi-period world that is T periods long and
divided into n sub-periods. The constant per-period volatility of the underlying asset is
estimated to be cr2 . That is the asset value has a constant continuously-compounded perperiod variance rate of return that approximately equals cr 2 • At the end of T periods, the
desired cumulative continuously-compounded variance rate of return is cr2T. The
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logarithm of the underlying asset value itself will approximately be normally distributed
at the ofT periods, with the same variance cr2T. The achieve this behavior, choose u, d,
and p in the following manner:

dt =Tin= (Number of periods)/(Number of sub-periods)

Let

= length of one sub-period in number of periods

Then

u = exp( adt 112 )

d = 1/u
dr = exp(r dt) -

Let

l

=continuously compounded risk-free rate per sub-period
or if using discrete compounding and r is specified as a discrete rate:

dr=(l +r/'-1
=discretely compounded risk-free rate per sub-period
Then

p=(l +dr-d)/(u-d)

To derive the equivalent risk-adjusted probabilities p and l -

p, we need to

specify a growth rate for the underlying asset. Let a be the given continouslycompounded per-period growth rate of the underlying asset. Then, we can choose:
p

= 1/2 + (µdt112)/(2cr)

3.4 TYPES OF REAL OPTION
Real options can be classified into three main groups: Invest/grow options,
defer/learn options, and Abandonment/shrink options. In turn, real options can be
further defined within these broader headings. We list here seven common real
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options. (See Figure 3-3) We define them separately; however, it should be noted
that many options are interrelated. What follows is a starting checklist:

lnvest1Grow Options
-Scale up. This is where initial investments scale up to future value-creating
opportunities. Scale-up options require some prerequisite investments. For
example, a distribution company may have valuable scale-up options if the
served market grows.
-Switch up. A switch-or flexibility-option values an opportunity to switch
products, process, or plants given a shift in the underlying price or demand
of inputs or outputs. One example is a utility company that has the choice
between three boilers: natural gas, fuel oil, and dual-fuel. Although the dualfuel
boiler may cost the most, it may be the most valuable, as it al lows the
company to always use the cheapest fuel.
-Scope up. This option values the opportunity to leverage an investment
made in one industry into another, related industry. This is also known as
link-and-leverage. A company that dominates one sector of e-commerce
and leverages that success into a neighboring sector is exercising a scope-up
option.

Defer1Learn
- Study1start. This is a case where management has an opportunity to invest in
a particular project, but can wait some period before investing. The ability to
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wait allows for a reduction in uncertainty, and can hence be valuable. For
example, a real estate investor may acquire an option on a parcel of land
and exercise it only if the contiguous area is developed.
Abandonment1Shrink Options

-Scale down. Here, a company can shrink or downsize a project in midstream
as new information changes the payoff scheme. An example would be an
airline's option to abandon a nonprofitable route.

-Switch down. This option places value on a company's ability to switch to
more cost-effective and flexible assets as it receives new information.

-Scope down. A scope-down option is valuable when operations in a related
industry can be limited or abandoned based on poor market conditions and
some value salvaged. A conglomerate exiting a sector is an example.
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Common Real Options
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Figure 3-3 : Common Real Option
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3.5 REAL OPTION IN CAPITAL BUDGETING INVESTMENT
In capital budgeting investment, the real option is the approach that intended to
supplement, not replace, capital budgeting analyses and investment criteria based on
standard discounted cash flow (DCFJ methodologies. For a wide range of corporate of
investments, insights from an options-based analysis can improve estimates of project
value and, perhaps more important, enhance project management.
Standard DCF valuation methodologies treat projects as follows: managers make
a decision to invest (or not) and then wait to see what happens.For some projects this is an
adequate representation of reality, but for others it is backwards. Sometimes managers get
to wait and see what happens (at least some uncertainty is resolved) and then make a
decision to invest or not. These two are obviously quite different. The latter is an option
and the former is not. An efficient capital market would not place the same value on both
and neither should a corporation.
A great many corporate investment proposals are complex and fit neither of these
pure archetypes exactly. More often they contain elements of both. An R&D program, for
example, may create both a cash-producing new product and opportunities for further
R&D aimed at yet more new products. Investing in a new market may lead to both
immediate cash flow and future expansion opportunities. Creating a brand may
simultaneously create future brand-extension possibilities. Replacing a first-generation
technology with a second makes it possible to eventually replace the second with a third,
and so forth All of these examples contain both assets-in-place (cash producing assets that
can be evaluated with DCF methodologies) and growth options (opportunities to make
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future investments, which require an option-pricing methodology). Growth options and a
few other decision opportunities are known, collectively, as "real" options to distinguish
them from "financial options such as exchange-traded puts and calls. Projects with high
option content are likely to be mis-evaluated by DCF techniques: either the options will be
ignored (resulting in undervaluation and underinvestment) or they will be poorly
approximated (resulting in either under or over investment in addition to poor timing and
management).

Mapping the capital budgeting project onto an Option
An opportunity to invest in a corporate project bears an obvious similarity to an
option to invest in a corporation's stock. Both involve the right, but not the obligation, to
acquire an asset by paying a certain sum of money on or before a certain time. The right
to buy the stock is known as a call option. European calls are exercisable only at
expiration, whereas an American call maybe exercised at any time prior to expiration.
Obviously, an American call must be at least as valuable as an otherwise-identical
European call. The Black-Scholes option pricing model gives the value of a European call
on tradable stock that pays no dividends as a function of five variables: the stock price, S;
the exercise price, X; the time to expiration, t; the risk-free rate of return, r; and the
standard deviation of returns on the stock, a.
By establishing a mapping between project characteristics and the determinants
of call option value, a corporate project can be valued in the same way. Most projects
involve making expenditure to buy or build a productive asset This is analogous to
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exercising an option: the amount expended is the exercise price (X) and the value of the
asset built or acquired is the stock price (S). The length of time the company can wait
without losing the opportunity is the time to expiration (t), and the riskiness of the project
is reflected in the standard deviation ofreturns on the asset
by the risk-free rate

(CJ).

Time value is still given

(r)

Real Options: The Link between Investment and
Black-Scholes Inputs
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Figure 3-4 : The Link between investment and Black Scholes inputs

3.6 ADVANTAGE OF REAL OPTION
The final, and perhaps greatest, benefit of real-options thinking is precisely
that-thinking. The very exercise of working through options systematically begins to
change the way management thinks. Here again, the appropriate contrast is with NPV
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analyses, which typically assume a fixed, multiyear investment model against a fixed
expectation of annual return. Making one-time decisions on the basis of static investment
plans tends to narrow the vision, so that even when it is possible to change course or
abandon a multiyear investment project, managers who may have submitted project
forecasts for many years ahead find it difficult to do so. Real-options strategies are
distinguished from their traditional counterparts above all by their response to
uncertainty. The shift in outlook from "fear uncertainty and minimize investment" to
"seek gains from uncertainty and maximize learning" opens up a wider range of possible
actions and is crucial to the usefulness of real options as a strategic rather than a valuation
model.
The discipline of applying real-options analysis to every investment possibility
will improve a company's strategies in four ways:
Emphasizing opportunities. A real-options strategy emphasizes the logic of strategic
opportunism, forcing managers to compare every incremental opportunity arising from
their existing investments with the full range of opportunities open to them. Such an
approach is especially important in mature industries, where managerial inertia often
manifests itself as escalating commitment.
Enhancing leverage. Real-options strategies promote strategic leverage, encouraging
managers to exploit situations in which incremental investment can keep their companies
in the game. Multistage investment in the oil exploration, drilling, and production
processes is highly leveraged, as exploratory investments represent only a fraction of the
total. (This, however, is different from simultaneous investment in multiple opportunities,

26

which reduces the upside as well as the downside. Thus, leverage distinguishes real-option
strategies from traditional diversification strategies that reduce risk.)
Maximizing rights. Investors in oil-block licenses, for example, have the opportunity
to develop certain fields and the right to all profits. The investment required to develop an
oil-block license often stays flat even if the price of oil soars, empowering managers to
defer the proprietary investment opportunity without increasing the exercise price.
Minimizing obligations. Financial options impose no obligation to invest;
therefore, investors are protected if the stock price falls below the exercise
price. Real-options strategies strive to incorporate this feature into real market
investments, minimizing managers' obligations in situations characterized
by uncertainty and irreversibility.

3. 7 COMPARISION OF THE DCF (NPVJ AND REAL OPTION
Because traditional valuation tools such as NPV ignore the value of flexibility,
real options are important in strategic and financial analysis. This is important because
strategic decisions are rarely one-time events, particularly in investment-intensive
industrial sectors. NPV, which relies on all-or-nothing, " go/no go" decisions and doesn't
properly recognize the value of learning more before a full commitment is made, is for
that reason of ten inadequate. Jn fact, NPV's inadequacy can be stated in the precise
terms of the real-options model. Of the six variables in that model, NPV analysis
recognizes only two: the present value of expected cash flows and the present value of
fixed costs. Option valuation offers greater comprehensiveness, capturing NPV plus the
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value of flexibility- that is, the expected value of the change in NPV over the option's
life. (See Figure 3-5)

Comparison of valuation
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Figure 3-5: Comparison of Valuation

The NPV analyzes opportunities based on current information and assumes that
the thing won't change much. If the NPV calculation results in a positive number, you've
got a worthwhile investment; if the NPV is negative, it's a no-go. There's no gray area, no
in-between. And that's precisely the problem "NPV hardwires in a single scenario of the
future, usually through a sales forecast, and also a single response to that scenario,
usually as a fixed expansion plan." Says Martha Amram, managing director of Navigant
Consulting (Menlo Park, Calif) and coauthour (with Nalin Kulatilaka) of Real options. But
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most business opportunities are not so cut and dried. When an opportunity's value is in
the future growth possibilities rather than current cash flow, or when there's too much
uncertainty to permit a sound gomo-go decision. NPV tends to undervalue the project.
The advantage of real options analysis is that it provides a means of applying objective,
market-based measures of value to uncertain situations. A financial option gives you the
opportunity to buy or sell if the stock reaches a certain price. Similarly, a real option gives
you the right, but not the obligation, to take action if a certain condition is met. The tool
frequently used to evaluate real options, the Black-Scholes equation, is a complicated
series of mathematical calculations that takes six variables into account as the above
figures.
Or we can summarize that there are three areas in particular where traditional
DCF, most widely articulated as the net present value rule (NPVJ, comes up short versus
option theory.
- Flexibility. Flexibility is the ability to defer, abandon, expand, or contract an investment.
Because the NPV rule does not factor in the value of uncertainty, it is inherently less
robust than an options approach in valuing flexibility. For example, a company may
choose to defer an investment for some period of time until it has more information on
the market. The NPV rule would value that investment at zero, while the real options
approach would correctly allocate some value to that investment's potential.
- Contingency. This is a situation when future investments are contingent on the success
of today's investment. Managers may make investments today ~ven those deemed to be
NPV negative-to access future investment opportunities. Traditional budgeting models
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inadequately value these option creating investments. Pharmaceutical company
investments are a good example. Future spending on drug development is often
contingent on the product clearing certain efficacy hurdles. This is valuable because
investments can be made in stages, rather than all up-front.

- Volatility. Somewhat counterintuitively, investments with greater uncertainty have
higher option value. In standard finance, higher volatility means higher discount rates and
lower net present values. In options theory, higher volatility-because of asymmetric
payoff schemes-leads to higher option value. In a sense, real options theory allows us to
value the unimaginable. This means that industries with high uncertainty-like the
Internet-actually have the most valuable options.

3.8 APPROPRIATE OF REAL OPTIONS FOR BUSINESS
Real Options are particularly important for businesses with a few key
characteristics. The first is smart and reputable management with access to capital
Managers must understand options, identify and create them, and appropriately exercise
them. This contrasts with business leaders focused on maintaining the status quo or
maximizing near-term accounting earnings. Businesses that are market leaders are also
attractive, as they often have the best information flow and richest opportunities-often
linked to economies of scale and scope. Finally real options are most applicable precisely
where change is most evident.
Summarize Characteristic of applicable businesses for real options
Smart Managers
Reputable
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Access to capital
Understand options thinking
Clearly identify options
Ability to exercise options
Market-Leading Businesses
First call
Economies of scale
Economies of scope
Uncertain Markets
Source
Trend
Evolution
3.9 STUDIES OF REAL OPTIONS
Real option could be used to value investment opportunities in real markets - the
markets for products and services. The value of keeping one's options open is clearest in
investment-intensive industries, such as oil extraction, in which the licensing,
exploration, appraisal, and development processes fall naturally into stages, each pursued
or abandoned according to the results of the previous stage. We bring some empirical
studies of real options application in oil and gas industry, R&D in pharmaceutical
company and in Agribusiness industry, which are stated below:
Oil & Gas Industry.
This paper examine the validity of using option pricing theory methods to value
oil and gas assets by comparing the value of discounted cash flow and option pricing
methods for an actual Gulf of Mexico oil well.

31

Black and Scholes (1973) published what is now known as the Black-Scholes option
pricing model (BSOPMJ for pricing European options. The BSOPM and each of its
variants incorporates some specific assumption(s) regarding the uncertain movements of
the financial asset price, X, through time and requires that the parameters defining those
movements be known. This paper uses the BSOPM to value an oil and gas asset and
compares these values with traditional NPV valuations. The bottom line is that option
valuation leads to greater values than NPV valuations. Hence, option valuation analysis
would lead to "accept" decisions more often - whether the decision is valid or not. Just
like financial assets, oil and gas assets are characteristically beset with large uncertainties
affecting their values. The popularity (and success) of option theory algorithms applied to
financial options led, no doubt, to wide interest in analogous application to evaluation of
oil and gas assets.

OPTION THEORY FOR OIL AND GAS ASSET VALUATION
Oil and gas assets exist when there is a perception that one can make money if an
exploration well were drilled on searchable property. The holder of that asset has many
options; such as to drill an exploration well as soon as possible, defer drilling, or sell the
searchable asset. If drilling yields a developable find, there are more options; the most
likely ones being to develop the field now, later, or never. Development into a producing
field transforms the asset into one with further options such as the speed of oil recovery
Eventually, the field will revert to an irreversible decline when the only options are
whether or not to shut-in and abandon the asset and, if so, when. Each of the many options
that arise in an oil and gas assets' lifetime constitutes an opportunity to make decisions
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based upon perceptions at the time the option may or may not be exercised Just as an oil
and gas assets' underlying character changes with time, the infrastructure in which the
changing asset exists can also change. That change makes consideration of all significant
options that arise during an oil and gas assets' lifetime important. Capen

(1991)

emphasizes

this principle that decisions about oil and gas assets should be driven by values prevailing
at the time of the decisions. Option theory methods seek to implement that principle.
Once understanding more about the principle of option theory of Oil and Gas
industry. The author examine the investment's decisions using DCF methods comparing
with the BSOPM. Note that the BSOPM considers a European option that can only be
exercised at maturity. Jarrow and Rudd (1983) among others show that an American
(allowing early exercise) option's value is equal to or greater than an European option's.
Therefore, this method biases the results to achieve minimum. The figure shown out for
the both method that the DCF methods yielded NPVs of $9. l million and $8.3 million for
the searchable and developable assets, respectively. The values from the BSOPM are

greater than the DCF values. This condition is the basis of assertions that the option
theory methods "see" values that traditional DCF methods miss. Lehman (1989)

Journal Of Financial And Strategic Decisions writes that DCF analysis "tends to
undervalue real investments." Burns, Lewis, and Sick (1992) write "Conventional
discounted cash flow methods significantly undervalue investment opportunities which
appear in nominal or non-economic at current product prices, but which may be delayed
at low cost." They further write that "in the option context increased price volatility leads
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to a high project value because the option value reflects the limited downside risk while
allowing upside gain."
In general, option valuation methods would be more appropriate for oil and gas
assets the further downstream the investment. As such, fully developed, declining
producing properties would be the best candidates for the application of option pricing
methods. However, even here, owners should consider the virtually limitless cost of
potential environmental problems.

Pharmaceutical Industry <Real Option Approach to R&D Project : Serono International

Success of pharmaceutical companies is highly dependent on research and
development <R&DJ. Thus, a pivotal aim of management is to allocate resources to the
best scientifically and financially R&D projects. In order to identify value-increasing
projects, companies currently perform the discounted cash flow or the more advanced
decision tree analyses. These methods, however, cannot properly capture the value of the
managers' flexibility to readjust plans of biotechnology projects to the possible external
and internal "shocks". For example, many potential drugs are identified as failures during
R&D stages. The ability to stop further developments might save an important part of
R&D investment expenditures, adding at the same time a significant value to projects
NPVs. Moreover, traditional valuation tools give no insight about how these future
decision contingencies affect the risk of a project during its lifetime. The real option
approach may solve these problems and provide a richer investment decision framework
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The real option framework has the potential to improve managerial decisionmaking by:
- Providing additional insights and understanding of the investment opportunities
and explaining how managers can benefit from the future uncertainty of these
opportunities;
-Accounting for possible follow-on opportunities;
- Signaling the optimal time to exercise the option (i.e. answer whether we should
invest now or waitJ;
-Creating better communication among decision makers of different
departments;
-Providing an improved interface between capital investment decision making
and long-range planning because a business strategy is much more like a series of options
than a series of static cash flows.
The purpose of this thesis is to show how a real option approach could be
practically applied to valuation of managerial flexibility. As the area of application, we
choose the biotechnology industry or more precisely Serono. Its objective is not to show
that the ENPV valuation technique currently used by Serono should be replaced by a
certain type of real option model, but to show that this technique may serve as adjunct to
the existing one. Furthermore, the real option is an indispensable technique for the
evaluation of highly uncertain but strategically important projects.
As recognized that the expected net present value (ENPVJ technique currently
employed by Serono for its investment decision taking is a type of decision tree models
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It adjusts the value of R&D projects for their technological risk (represented by

probabilities of success in the drug development process) but ignores their economic risk
and the related value of managerial flexibility. The biotechnology project chosen as a
candidate for the real option application belongs to multi-stage investments and was
recognized as a European compound rainbow option. We applied two continuous time
models (Margrabe and Carn and one discrete time model (binomial lattice) in order to find
the value of this compound option. All models are based on the assumption that the
market is complete and, consequently, the risk-neutral pricing can be used for the

.

I

computation of the option value. Furthermore, option solutions were derived for the case
when two variables -the underlying asset <i.e. the gross present value of the biotechnology
project) and the exercise price of the last R&D stage -are stochastic. The volatility values
of both stochastic variables were computed using Monte Carlo simulation. In this way we
valued the managers' flexibility to continue or abandon the project financing at each
R&D stage and we also accounted for related growth opportunity.
Regardless the complexity of continuous time models compared to the discrete
time ones, they were recognized inappropriate to value biotechnology R&D projects The
reason is that in the biotechnology industry new strategically important information (i.e.
that changes value of the underlying asset over time) arrives in discrete points of time and
not continuously. In order to avoid this problem, the value of the R&D project compound
option was computed using a binomial lattice model, which was finally proposed as a
supplement to the Serono's currently applied valuation technique. The sensitivity analysis
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showed that the real option methodology might be indispensable to value "grey· zone
and1or strategically important R&D projects.
In conclusion, the real option approach is especially useful to value "grey" zone
(negative or low ENPV) biotechnology projects, whose financing completely depends on
their option value, and strategically important projects, whose negative present values
can be "compensated" by cash flows generated by growth opportunities. The main
difference of our work from those already done is that applied real options solutions
include two stochastic assets: the underlying asset (i.e. gross present value of the projects
future cash flows) and the exercise price (i.e. last stage investment). Secondly, we
computed volatilities of these stochastic variables using Monte Carlo simulation and do
not approximate them by volatilities of traded comparables. Finally, we superposed a kind
of "jump" on stochastic process followed by the project present value through the
incorporation of the budget constraint. The application of the real option methodology for
the valuation of biotechnology projects will allow Serono to reach a "successful"
allocation of available resources within a pipeline of R&D projects. Consequently,
developed drugs will be introduced on the market in a timely and profitable manner. In its
turn, this will speed up financing of other projects through cash flows generated by new
products.
Serono International envisages applying the binomial lattice model for project
valuation of the R&D portfolio to account for possible synergy effects, and to determine a
reasonable bid of a licensing candidate.
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Agribusiness Industry (lnvestment in Remote Sensing Technologies)
Recent technological developments in computer, satellite and equipment
technologies are making it possible for farmers to obtain spatially referenced data about
soil characteristics such as soil nutrients, soil quality, or growing conditions of crops
within a farm field. These data can be obtained using remote sensing technologies (RST),
which can be used to vary inputs within the field with variable rate technologies that are
attached to global positioning systems and computers (Dupont et al., Willers et al.)1 _
Several studies have shown that this technology has the potential to increase agricultural
productivity by enhancing output andtor increasing the efficiency of applied inputs
(Babcock and Pautsch, Thrikawala et al., Isik et al.). Despite the potential for providing
economic and environmental benefits, recent farmer surveys show that adoption rates of
RST and variable rate technologies are low (Khanna et al., Hudson and Hite). Farmers are
not readily adopting these technologies due to a high degree of uncertainty in returns,
high sunk costs of adoption and lack of demonstrated benefits (Khanna et al., Isik et al.).
Investment in RST involves high sunk costs because the current costs of
technology are high while RST is undergoing rapid technological innovation and
improvement. Thus, the resulting technological obsolescence of existing equipment
makes it unlikely for agribusiness firms to recover their sunk costs ifthe investment were
to be liquidated due to a downward turn in revenues. Agribusiness firms considering
investing in RST must also make their investment decisions under limited demand for
RST services among fanners and under uncertainty about the prospects for future demand
for RST services. Thus, the agribusiness firms face not only low current adoption rates of
RST but also uncertain future adoption patterns when determining the optimal timing of
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investment and capacity of the firms. The large sunk cost in combination with the
uncertainty in returns inherent in RST investment decisions violates the assumptions of
the traditional net present value (NPVJ analysis.
So it develop a model of decision-making for an agribusiness firm considering
whether and how much to invest in RST to provide spatially referenced data to the
farmers under demand uncertainty. It uses a real option valuation approach to examine the
factors affecting the firm's investment decision and to understand the role of demand
uncertainty and irreversibility on entry-exit decisions and capacity choice. Uncertainty in
adoption patterns is modeled as a stochastic shift variable in the demand function . We
derive two alternative sets of solutions to the firm's decision problem. First, we examine
the firm's entry and exit strategies by obtaining the threshold levels at which it is optimal
for the firm to invest in RST and to abandon the investment. Second, we derive optimal
capital investment of an active firm that has already invested in RST. The firm chooses
the time path of its capital stock to maximize the expected present value of its operating
profits.
The empirical application of the model considers an agribusiness firm ' s decision
whether and how to invest in RST. It shows that the NPV rule that ignores the role of
demand uncertainty on investment decisions tends to overestimate the capital investment
in RST. Under demand uncertainty, the firm invests in RST when the demand conditions
are sufficiently favorable while it abandons when they become sufficiently adverse. By
delaying the investment decision, the firm preserves the opportunity of making a better
investment later The firm invested in RST increases its capital investment when the
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expected present value exceeds the costs by the opportunity costs of the option to wait. A
greater uncertainty in demand implies less willingness to invest in RST and less
willingness to expand the capacity of the firm.
The results indicate that demand uncertainty and irreversibility of investment
make investment in RST less desirable than the NPV rule may indicate. The inactive firm
is more reluctant to invest in RST when it takes into account uncertainty over future
demand conditions because it preserves the opportunity of making a better investment
later. On the other hand, the firm that has already made the initial investment to enter the
RST market is more reluctant to abandon the investment because there is an option value
of keeping the operation alive. There is a greater distance between entry and exit
thresholds under the option value approach than under the NPV rule due to demand
uncertainty. When the firm enters the RST market, it is less willing to make any
additional investment to expand its capacity due to the high opportunity cost of
investment in the future under demand uncertainty.
The results from this study have general implications for agribusiness decisionmaking. Most of the investment opportunities of agribusiness firms involve various
sources of uncertainty such as demand, cost of development or competition. Managers of
agribusiness firms may need to understand and respond to uncertainty when making
decisions such as when to enter an emerging market or when to abandon the investment.
The framework developed in this study gives managers a decision-making tool that
creates value through implementation of investment decisions under uncertainty. The
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approach developed here can also be applied to investment decisions in other areas such
as biotechnology, telecommunication industry, internet, and
computer industry.
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CHAPTER 4 METHODOLOGY
4.1 METHODOLOGY OF V ALUTION
We will apply the real option theory with the "NEW PRODUCT
DEVELOPMENT PROJECT" by using the information of Hewlett Packard Co.,Ltd as
our case study.
For this project, the 2 methods, DCF (NPV) method and real option approach,
are applied to evaluate the project. The binomial model was applied as the valuation of
real option approach due to this project is the discrete time not the continuous time model
which the binomial are the suitable model. The decision tree by the binomial model is
provided for making decision in each stage of project. We will see the difference of these
2 methods as mention in next part.

Figure 4-1: Methodology of Valuation
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We can summarize the methodology of our project as the step below:
l.

Collect Investment Information of the project.

2.

Map the variable in the binomial model and also find the value by DCF method .
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3.

Draw the Decision Tree of Option Value

After doing the step in the above we will analyze the result that we have apply the
real option in our project to see how its different and how to making decision with these 2
methods that we will analyze in chapter 5.

4.1.1Step1: Collect Investment Information of the project.
NEW PRODUCT DEVELOPMENT PROJECT : CASE STUDY OF HEWLETT
PACKARD CO.,LTD.
Today's world is characterized the major changes in market and economic
conditions couple with rapid advances in technologies. Management is often confronted
with the dilemma whether or not to invest in machines, a plant, other assets or even in a
particular stage of new product development program, given market and technology
uncertainties surrounding such a decision in current markets, most of all technologydriven or high-tech markets (Moriarty and Kosnik, 1989). R&D is also determined as the
investment that management will concern for making decision to invest or not that can be
analyzed with the same consistent and explicit financial criteria used for other
investments within the corporation.
In this part, we will suggest the real option approach with the new product
development project of Hewlett-Packard (Thailand) Co.,Ltd. as the supplementary
techniques to management for making decision in this uncertainty situation. The binomial
model is selected to apply for the discrete project.
Through the time various favorable and unfavorable shocks hit the value of the
projects. During each phrase, the main drives of project uncertainty are technological and
economic shocks. Especially in printer industry, technology is emerging rapidly to
provide the best solution to our customer. It needs every organization in this industry to
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fastly introduce the new product launching with new technology to serve the customer
needs in this era which technology are rapidly changed. High competition situation in IT
industry are also the factor of uncertainty events that may effect to each phrase of new
product development project. Investment in this project involves the high cost in R&D
and also face with the uncertainty of the technological obsolescense due to rapidly
emerging new technology in this time. The NPV approach is the one-time decision model
that may not capture the uncertainty events that possibly occur in the time of this project.
It does not properly value management's ability to react proactively to the changes in
future uncertainty. It means it does not consider the value of options to wait and revise
the initial operating strategy if future events turn out to be different from originally
predicted, or reaped follow-on opportunities of initial project if it worked out well. Real
option can provide better valuation that help management making decision in both
highest possibility and the lowest possibility of the return on project.

Background of the project
In the competitive market in the IT product and the rapidly emerging of new
technology, Hewlett-Packard Co.,Ltd (HP) aim to expand its market to low-ended
customer that at present HP stand itself as for high-ended customer to compete with their
strong competitor such as Epson, Lexmark or Canon. In this year HP will introduce new
line of printer to compete in low-ended market by dump its price lower than ever before.
The new product development has started since October 2002 and it will launch this
product into market in July 2003 named as "Spear Project".

Spear Project
Mission
"Drive incredibly easy borderless photo printing and 6-ink solutions to the $79 price
point."
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Objective
HP's affordably priced creative personal printer designed with optional,
ungradeable 6 ink printing that delivers uncompromising print quality, competitive specs,
affordable supplies, and optional 6 ink printing.
1.

Profitably grow/maintain market share at $79 price point
- Bring Life Enrichment/Photo Printing to the $79 price point

2.

Improve Customer Loyalty
- Improve Ease of Use
- Improve Ease of Trouble shooting (help in front of me when I need it)
- Improve AFR & Call Rate

3.

Leverage Crossbow} Investments

Target Market
Novice, price sensitive Life Enrichment customers who want an affordable,
simple to use color printer that will allow them to grow and easily experiment with new
types of printing (i.e. Photos, etc.)
Focusing on technology for learning purpose and the customers who
- trusted brand
- Known for quality products
- Easy to use products
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Figure 4-2 : Characteristics of Spear Project
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Spear Program Milestones.
Marketing Program Launch

R&D Phase

~
Introduce new product lo market

Oct02-Dec02 Jan03-Mar03 Apr03-Jun03 Jul03-Sep03 Oct03-Dec03 Jan04-Mar04 Apr04-Jun04

.i
End

Start

In Research and Development phase of Spear project will take time around 9
months before introducing new product to market. The total cost in this stage is shown in
Table 4-1
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Category

Amount $('000)

Manpower cost (Engineering Time)

5,525.80

Laboratory Cost(Reliability Testing)

4,736.40

Manufacturing in R&D(Prototype)

4,420.64

Other related Cost

1,105.16

Total

15,788.00

Table 4-1 : R&D cost of the project.

The above detail ofresearch and development cost of this project will not
include the investment in machine, tools and other equipment in production due to HP
using the outsourcing strategy in production or manufacturing process. So all of these
investment will be captured in the direct material cost that was charged from the
company contract manufacturer.

For the marketing expense before launching the product HP has the strategy to
introduce new product to the market by concentrate more in all marketing program at the
first stage of product life cycle which include the rebate program, organizing the
marketing event, advertising and sales promotion. The budget for the marketing program
of this product is around $9,306,200.
Forecast sales volume in each quarter for this Spear project is shown as the table
below.
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Time

Sales Quantity(unit)

Oct02-Jun03

0

Jul03-Sep03

487

Oct03-Dec03

785

Jan04-Mar04

655

Apr04-Jun04

429

Table 4-2 : Sales Quantity
Sales price per unit

$79

Cost per unit (inc. direct & indirect) $64.22

Time

Oct02-Jun03

Jul03-Sep0.3

Oct03-Dec03 Jan04-Mar04 Apr04-Jun04

0

487.00

785.00

655.00

429.00

Revenue

0

38,473.00

62,015.00

51,745.00

33,891.00

Cost

0

31,275.14

50,412.70

42,064.10

27,550.38

Net Profit

0

7, 197.86

11,602.30

9,680.90

6,340.62

Table 4-3: Profit & Loss of the

~roject

4.1.2 Step 2: Map the variable in the binomial model and also find the value
by DCF method.
DCF(NPV) of Spear project.
With the information of Spear project in the above we can calculate the NPV of
this project as shown in Table 4-3
We will use the highest Minimum Loan rate (MLR) of commercial bank as the
discount rate which is 6.75% to calculate the discount cash flow.
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Time
Investment
Net Profit
Net Cash

Oct02-Jun03

Jul03-Sep03

Oct03-Dec03

Jan04-Mar04

Apr04-Jun04

15,788

9,306.20

0

0

0

0

7,197.86

11,602.30

9,680.90

6,340.62

(15,788)

(2,108.34)

11,602.30

9,680.90

6,340.62

flow

Table 4-4: Net Cash Flow from the Project
Discount Cash Flow
Investment

24,525.89

Net Profit

32,880.95

Net Present Value(NPV)

8,355.06

Table 4-5: Discount Cash Flow of the Project

The net present value of this project is $8,355.06. This figure is positive so it
means that this project should be "go" decision. Or it means to invest in this project will
gain the positive value to the company.

Binomial Model of Spear Project
First, for valuing the option in the binomial model is to map all parameters in the
binomial model to the project characteristics.
Second, we will define the value of each parameter in the binomial model as the
Table: 4-6
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Variable

Project

Value (USD'ooo)

s

The present value of free cash flow of project

32,880.95

x

24,525.89

t

The present value of capital required to produce the
product
Length of time decision : Product life cycle

r

Risk-free rate ofreturn

O'

Riskiness of S or volatility of S

1.00
1.72%
30%

Table 4-6 : Parameter value in Binomial Model
The underlying asset:
To evaluate the new development product as the project, in binomial we will map
the underlying asset as the present value of free cash flow that we predict to gain from
this project for its time decision or for its product life cycle. We discount the forecast of
revenue that we expected to earn in the period of Spear project by using discount rate the
same as NPV method.

The Exercise price:
The exercise price is the price at which the option allows the owner of the option to buy
( in case of a call option) or sell (in the case of a put option) the specified asset. In the
case of real option, the exercise price is the cost of exercising the option. In the project,
we map the exercise price in call option to the project characteristics as the present value
of capital required to produce the product. In this Spear project, it has invested in both
R&D and marketing expense once launching the product in the initial stage. So the
present value of capital required are R&D expense and marketing expense totally
$24,525.89 by using the discount rate in the same way of the underlying asset calculation.

50

Length of time decision:
We will consider the time for making decision for 1 year that is the life cycle of the
Spear project. However, as we will analyze in each quarter to capture all the upward
move and downward move proportion so the time should be equal to 4 sub-periods.

Risk-free rate of return:
The risk-free rate is a theoretical interest rate at which an investment may earn interest
without incurring any risk. We will use the government bonds rate as it is the interest rate
which no risk. The yield of government bonds as of today is 1.72% (Yield rate from The
Thai Bonds Dealer Center as ofFebl 1, 2003)

Volatility of underlying assets:
The meaning of volatility in the real option theory:1.

In general, volatility is a statistical measure of the tendency of a market or security

to rise or fall sharply within a short period of time. Volatility is typically measured by the
variance or annualized standard deviation of the price or return.
2.

Volatility is a variable that appears in option pricing formulas. In the option pricing

formula, it denotes the volatility of the underlying asset return from now to the expiration
of the option.

(The volatility of random variable is the standard deviation)

We will use the company historical data to see how the actual different from our
forecast as the volatility of this project. To find the value of volatility we collect the data
the past project that go live in year 2002 by comparing the actual data with the forecast
data and calculate the variance of that difference.
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Crossbow Project Forecast Sales(Qtyl

Actual
Sales(Qtyl

% variance

Dart lPen

495,600.00

675,806.00

36.36%

Dart 2Pen

1,294,800.00

1,637,850.00

26.49%

Arrow

1,275,200.00

982,300.00

-22.97%

40,900.00

27,762.00

-32.12%

Quiver

Volatility

29.49%

(Data from Jul02-Feb03)

Table 4-7 : Project in year 2002
The volatility of total project that go live is approximately 30% so we will use
this figure as the volatility of our project.
In addition, we also do the sensitivity analysis to see how it effects when we
change the volatility to the real option value. We will show you in next part for the
volatility I 0-80%.

Other variable in calculation:
The upward move and downward move are depended of the volatility or the riskiness
of the product. For the volatility 30% we can calculate the upward multiplier and
downward multi pier as the following:

Variable

Formula

u

u = exp(O"dt1/2)

d

d

p
1-p

= 1/u
p = (1 + dr- d)/(u -

Value

-

1.1618
0.8607

d)

1-p

0.4769
0.5231

Table 4-8: Value of each Parameter of Spear Project

4.1.3 Step 3: Draw the Decision Tree of Option Value
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Now we can draw the decision tree incorporating all possible outcomes of future
trials and all of management's decisions in each event as the upward move and the
downward move in each quarter.
Third, we multiply the present value of cash flow of the project (S) with the
upward multiplier (u) and downward multiplier (d)

Table 4-9 Decision tree of the value of expected cash flow.
TimeO

Time2

Tirne1

32880.9~ 38202 . 2 1~

lime3

Time4

44384.63

59912.99

28300. 89~ 32880.95

44384.63

24358.80

32880.95
24358.80
18045.45

Fourth, roll backward from the end of time to find the value of option at
time o. Table 4-9 shows you the value of option in each sub period.

Table 4-10 : Decision tree of option value
TimE!O

1ime1

Tlme2

9295. 1~ 14014 .2~ 20068.76
5069 . 74~

Time3

Time4
35387.10

8610.41

19858.74

1883.80

8355.06
0.00
0.00

For this spear project the value of option to invest is $9,295.16 which capture the
upward move and downward move at volatility 30%. For the time 3 and time 4 the value
of downward move is zero which means that we should not invest in that scenario.
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The value of real option in each quarter can help the management for making
decision in each scenario. For example, ifthe actual return in cash flow of this project is
on the downward move we will see that the value of option in Time3 will be zero that
mean we will not invest in this project. And we will reconsider whether we should select
other option instead of option to invest. If we have more information about market that it
will be positive in tomorrow or in next quarter the management will rethink to take the
defer option to get more profitable than today. But if it is in the negative way that market
has the strong competitor and we can't compete with them at all so the management
should take the option to abandon and absorb loss only in the initial stage.

4.2 SENSITIVITY ANALYSIS
The sensitivity analysis is a method of looking at the possible outcomes, given a
change in one of the factors in the analysis. Sometimes this analysis is referred to as
"what if' analysis - "what if this changes", what ifthat changes".
We will do the sensitivity analysis of the Spear project to see how outcomes will
change if we change the volatility.
As we have mentioned above that the volatility is the standard deviation, which
can find from the market data or the historical data. This project doesn't have the statistic
measure of the market variation so we do the _sensitivity analysis to see how effect of the
volatility to the real option value.
We analyze the sensitivity of the option value when changing the volatility and
see the value in each scenario. In our scope for this project we will consider the volatility
of 10%-80%. This means the % of variance that maybe effect to the cash flows and the
option value as well. The high volatility will effect to higher option value.
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Volatility

Value of Option

10%

8,773.29

20%

8,930.25

30%

9,295.16

40%

10,337.36

50%

11,328.95

60%

12,275.96

70%

13,252.48

80%

14,211.73

Table 4-11 : Option Value of volatility 10-80%
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CHAPTER 5 ANALYSIS BETWEEN DCF vs REAL OPTION
5.1 COMPARISON NPV AND VALUE OF OPTION
Doing the calculation yields a positive NPV of $8,355.06 for the Spear Project,
which means that management will make the decision to invest. This NPV is the one-time
step that let the management decide to invest when the value is positive. In this case due
to the NPV is positive so it doesn't provide the obvious evidence of using the option. But
ifthe NPV of this project is negative and the management decides to no-go decision so
they may miss the opportunity ifthe market changes in the positive way that will make
the company to get more profitability if they invest.
However, the option value of Spear project that we calculate by apply with the
volatility 10%-80% has the amount greater than NPV (8,773.29-14,211.73), even ifthe
volatility is only 10%. The greater volatility percentage will lead to greater value of the
option because the option enables the company to capture sudden market upswings. By
using the real option, companies will find that the project value increases because the
follow-on investment is determined after some of the uncertainty has been resolved.

Table 5-1 : Comparison the NPV and the Value of option
Volatility

NPV

Value of Option

10%

8,355.06

8,773.29

20%

8,355.06

8,930.25

30%

8,355.06

9,295.16

40%

8,355.06

10,337.36

50%

8,355.06

11,328.95

60%

8,355.06

12,275.96

70%

8,355.06

13,252.48

80%

8,355.06

14,211.73
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Spear project is in the IT industry. In the fast-moving world of IT, demand,
technology changes, factor prices, and many other parameters vary widely. All of these
factor will effect to the outcomes that we expect to get from the investment in this
project. NPV calculations are based on the fact that investment is either irreversible at all
times or reversible at all times. Not like the option theory which provide the right but not
an obligation to exercise the option at some future time whenever economic conditions
are favorable. Conversely, if a staged investment has been already undertaken, a company
is holding an "option" to stop the project further financing whenever the market
conditions change adversely. Management should also alert to apply the new techniques
that can help them make fast and effective decision to invest in this uncertainty world.
The real option approach lets manager consider that uncertainty and how they might best
react to it.
We suggest for the Spear project that management should realize the importance
of the real option theory and should apply it as the supplement tool when making
decision. The option is not only to invest by today but at least two options exist in the
new product development process which are the option to abandon during the
development and the option to defer investment.

5.2 DEFER OPTION
Many projects do not require that the company initiate the project today. That is,
either the initial investment is made today, and the project begins generating value or the
initial investment is deferred until a later date and, if done at that time, the project begins
to generate value from that point on. Although many projects require that the company
move quickly, considerable value can be gained by waiting to resolve some of the
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uncertainty. Although waiting can permit competitors to gain an advantage, it can reveal
valuable information about the nature of the market.
For the Spear project, suppose we consider the project and introduce an option
to defer the initial investment because we know that at Time 0 is not suitable to launch
this new product. Maybe from the market factor or we want to wait until its season time
of the highest growth. So if we assume that we will defer to invest at time 2 which the
historical data inform the highest sales volume of the other similar model, the initial
investment required will be higher than $24,525.89. Thus, we will calculate the new
investment in this project by adjusting with the discount rate. Also if at time 1 the
discount rate is higher due to the inflation rate of the market as equal to 8%. So the new
investment at time 1 will be equal to $25,516.74. So we draw the new decision tree as the
calculation of option value.

Table 5-2 : Decision Tree of Defer Option
Timeo
7896.87

;i'ime1

nme2

Time3

iime4

12794.95

18867.89

21921.36

25468.99

3496.78

7364.21

16239.75

18867.89

0.00

6338.43

13977.68

0.00

0.00
0.00

The option to defer is calculated by deducting the investment in time 2 and we
roll backward to find the value of option at Time o by using the binomial model. The
value of option of the project is $7,896.87 which is less than the option to invest as
shown earlier. At the downward move of Time 2, due to the investment is more than the
expected cash flow so it is worthwhile to invest in this project. Thus, we put the value of
option as zero. We calculate the defer option by using the same assumption that the sales

58

volume will be the same portion as the option to invest so the value of defer option will
be Jess because of the high discount rate that we adjust to the investment. But if the
market situation is in growth jump the expected sales volume or the expected from cash
flow will be higher that maybe effect to the higher value of the defer option as well.

5.3 ABANDON OPTION
During th~ life of a project, a company can choose to terminate the project by
investing nothing further in it. This choice is called option to default. Some default
options are accompanied by the opportunity to obtain a salvage value from the project.
This type of option is typically called the abandonment option.
To apply the abandon option for the Spear project, we assume that if in the stage
of R&D the technology that we use to produce the printer as the key competitive
advantage to compete with the competitor are out of date due to the rapid growth of
emerging the new technology. So it will effect to the expected cash flow of the project.
Thus, the management is deciding to shut down or shrink this project. And if the
company has the salvage value of the project, which can leverage to use in other project
and we can estimate the salvage value of them. Assuming the salvage value of this
project equals to $6.5 million while the initial investment in R&D is $15.7 million. In
addition, if we assume that the expected cash flow from downward move is less than the
value of salvage value the company will abandon this project. We will draw the decision
tree of this assumption:
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Table 5-3 : Decision Tree of Abandon Option
Tlrne0
9880 .10

Tlme1

Time2

Tih1e3

nme;i

13677.21

15890.65

18462.30

21450.14

6500.00

11772.08

13677.21

15890.65

0.00

10132.33

11772.08

0.00

8720.97
0.00

The abandon option value $9880.10 that is higher than the values of defer option.
However, for making decision, it depends on the other factor that we bring the
information to calculate. Each parameter that we use to calculate required the good quality of
data. That means we should have the correct and predictive forecast. Moreover, the industry
news, market data or technology news should be considered to the valuation because it will
effect with the parameter in the model.
Feasibility study also should be the approach for making decision. Normally
before running the new product development project, every company will do the feasibility
study to see how outcome is possible to be successful. All the data used for doing the
feasibility study would be the factor for making decision. During the feasibility stage of
product development, a company needs to gather information and perform analysis to assess
the feasibility or develop the business case for a new product. The fact that investment in
product development and the cost of design changes increase rapidly after the feasibility stage
emphasizes the importance of doing your homework well at the feasibility stage. The
following area questions need to be evaluated as a basis to proceed beyond the feasibility
stage:
- Is It Real? Does a market exist for the product? Is there a true need in the marketplace?
Which markets might benefit from such a product? Will customers buy it? How large is the
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opportunity? Can the product actually be made? What technologies are required? Do we have
these technical capabilities in-house, or are there opportunities to license or acquire what we
need?
- Can You Win? Analyze the competitive environment. Is the proposed product competitive?
What are the competitive strength's of the product? Will we compete based on price,
performance, innovative features, service, reliability, or time-to-market? Is this competitive
basis sustainable? What do we expect the competitive response to be? Is the basis of
competition in line with our overall strategy?
- Is It Worth It? Do we have realistic estimates of sales and revenue? Are product costs
acceptable? Are development costs affordable and acceptable? ls the product going to be
profitable? Is its profitability acceptable and as good or better than other opportunities that the
firm has? Is there an adequate return on investment? Are the risks understood and are they
acceptable? Is this product in line with our company strategy? These profitability questions are
normally answered with a formal business case that shows projected profit over the life of the
product.

5.4 BINOMIAL MODEL SIMULATION
We constructed the simulation by excel-based application to value the option of
the binomial model and can apply with other project as well. It provides the basic
understanding of binomial theory in the overview page and also gives some glossary for
the financial terms.
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The first page is the main menu that provides the step to input the information
and the calculation of option value.

Binomial Model Simulation

Input the inves1ment
lnfonuation

Step 1

....

1116
M·MlfiMI

12!.tilifl

St ep 2

.a
Input the Volatility
Step 3

....
Calculate the
Step 4
option value

~

__,__ _.___________

Figure 5-1 : Main Page of Binomial Model Simulation
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.

~ tr

The instruction page will provide to user how to use this application .

TNs llinonMl llodel Slm<Mllon Is tho Exc<l-<d /f>pliotllon. Tho lnsbuc:tlon •

.. _..

prori<hyoulho slepslololoe

lot comple&glho prooess ol oololMllon. lho........., ls elso proridtyoulho bMlo concept ol -...i llodel.
~!he

Slep 1 :

g/4Hwylnll'ls $lndollon •mokeyoud-ll>N tho ,,_,;ngintinonclll\orms.

np.t the~...,~

Select" lnp<A the irweslmenl INormotlon" IMA!on
Fil~

project klorm.tlon In noh boxes. 1ht m..nlng af Hoh vw~ts -.s prodded )00 Fl U.. next otlls.

Slep 2: SoleCI rhc 11e1rno
Selecl "Select the iletlmo" IMA!on
Stied thti time to explHUon of )'CH.A' project

Step3 :l'!pl.athewlatlllty
Stloot"lnp<Alhowltlilily"IMA!on
Filthe:l:ol..Wlily0<st-dd-nol)'OOfprof«:linlhobox.
Slep 4 :

~

an! .Analysis

Selld"Rosutsond"""'1sis"wton
Iller select tho •Step 4 : IWJUls Wld Anoi)osis" b~on. toil !Mwlho decision bee ol tho expoct<d - h llc•lrotn
-

ond !ho YlkM ol oplton In eeollllMo Stfies.

In oddilon, tho comperlson ol NPV end Aeol option \'Okie ere shown In lllls step.

Figure 5-2 : Instruction page of Binomial Model Simulation
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The first step is to input the investment information, which includes all parameter
needed for calculation

Investment Information

iMJjili 'iii •.• iiii1'

Fill In the inlormalion in the boxes.

Company Name
Project Name

I
I

Hewlett-Packard Company Limited
Spear Project

I
I

Parameters u•lng In caloulallon
Strike Price (SJ

32,880 95 TM ?~e!l!nli value of expected net cash flows from project

Exercise Price (X)

24,525.89 The Pr~er~ value of set-up & development costs to required undertake the project

Discount Rale (R)

6 75% Rote of risk-free rate plUs market inflation rote or Minumum Loan Rate (MLR)

Risk-Free Rate( r)

172% Vleld of government bond or treasury bffi

Note:
The unil ol Strike Prices should be lhe same as Exercise Price
Rate ol Discounted Rale and Risk-Free Rale is yearly basis.

•I

Figure 5-3: Step -1 of Binomial Model Simulation
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The second step is to select the period and the length of time of the project.

Project Life Time

"'' '""' -

Fill In the Information In the boxes .

Select period
11me ID expllJ date

Quar
_ t_erlv
_ _ _ i'.]___,(Yearly, Semiannually, Quarterly)

.
I _

..__ _ _ ___.lyea r(<= Jyr's)

Note: The period provide to select by yearly, semiannually and quarterly as for making decision
In each sub periods and see the payoff value and option value In each sub period.
(This application applied for lhe project ~loh have life time <=3 tears)

Figure 5-4: Step-2 of Binomial Model Simulation
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Then it is needed to identify for the volatility to be effective to the probability of upward
and downward move

Vol01tility

Fill in the lnformallon In the boxes.

___ 11¥' Fb' 1 m
11

Tho % Df riskiness Df project

Note:. 1'118 volallllty .ol lhe project means the % of riskiness of the project that we will get the return from the
Investment It can also mean as the standard deviation of the project We can esnmafe by using
the historical data whether this project characterlsHc Is slmllarto the past project or estimate bY
determining the marKet data as how% al deviation that we Will get the return from the Investment

-.!.I_ _ _ _

Figure 5-5: Step-3 of Binomial Model Simulation
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The final page is to calculate the option value of that project which compare with
the traditional method- NPV.

Hewlett-Poel<•rd

Comp~ LirT~ed

Spear Pruj«t

Oplion v.-...,ion ol

Deciston Tree of 1he "alue of undtr\Vlg .assets

T.,.,

r"'°o
32,880 95

r..,.z

r'""''·

r,..,.1

38,202 21

H,384 64

51,567 59

28,300 90

32,880 85

38.202 21

44,384 64

24.358 .61

28,300 .90

32,880 95

20,965 82

59,913 00

24,358 81

18,(145 45

Decision

T~e

al ~he op(ton v.tue

¢-o
9.211517

-n...~

7'-MI

T-l

r.,..,4

11,014 29

20,068 77

27,116.94

35,38711

5,CIGS 74

8,610 41

13.731 56

19,$58 7'5

1,883 80

3,967 27

8,355 06

0 00

0 00
0.00

HPV

Option Value

7,8110

7~1

9.295 .17 1
~1

•I

---

---.. - --~·Jr

-

Figure 5-6: Step-4 of Binomial Model Simulation

Normally this application is not complex so it is easy to the management to
understand how to use it and how to interpret for the result that comes out as userfriendly application. But the management should have the basic understanding about the
capital budgeting and the basic theory of real option. They must realize the value of the
real option when making investment decision.
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CONCLUSION AND RECOMMENDATION
The real option valuation is emerging as a new standard for valuing, selecting
and managing strategic investment. It recognizes that the business environment is
dynamic and uncertain, and that the greatest value can be created by identifying and
exercising managerial flexibility or "real options." It takes a "multipath" view of
business, where there are many possible routes to success. Given the uncertainty and
change in the world, the complete right path cannot be chosen at the outset. Instead, one
must set off in the right direction, actively seek learning opportunities, and then be
prepared to adjust appropriately as events dictate.
As we mentioned that the real option should be the supplementary techniques in
valuation in capital budgeting investment. This is because it provides a better assessment
of the value of strategic investments and a better way ofcommunicating the rationale
behind that value. In most traditional investment valuations, a base DCF value is
calculated. Then, this base value is "adjusted" heuristically to capture a variety of critical
phenomena. Ultimately, the total estimated value may be dominated by the "adjustment"
rather than the "base value". With Real option valuation, the entire value of the
investment is captured rigorously. Conceptually, this includes the "base value" obtained
from managing the investment in nominal fashion, and the "option premium" obtained
from managing the investment actively and exercising options appropriately.
More and more firms are recognizing the value of ROY and are adopting it. As
a result, real option valuation is now being applied across a wide range of industries and
applications, ranging from energy M&A to life sciences R&D to high tech e-business.
The base case that we select to apply the real option by using the binomial model
is the example that we try to compare the different value between the traditional tools and
the real option method. As the project that we select to apply is more profitable project so
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the NPV is positive that brings the decision to invest. However, once we calculate the
option value by using binomial model, it can provide the greater value than the traditional
methods eventhough the volatility is high. It can conclude that the greater volatility will
bring the greater of option value because it was capture for the flexibility or the
uncertainty. The option to defer or the option to abandon is applied in this study by using
some assumption. However, it should adjust the assumption following with the real
information at that time. In this fast-moving world of technology and today's uncertain
business climate, especially the company in the technology industry, we suggest that the
executive should not ignore the idea of real option that the value of long-term project
might change over the time, as the environment around it shifts.
However, the real option valuation is not easy to deal with. They are often hard to
identify, and usually multiple species of options can get tangled together in complex
fashion. The input requirements for real options valuation is no more stringent than they
are for valuing the underlying project itself. If a company is not doing a good job of
valuing its projects and those projects do not have real options, then it is not likely to do a
good job of valuing those projects if its projects do have real options. Ifthe company has
good input information for valuing its underlying projects, it is in a good position to be
able to value its real options accurately. In addition, the management basically should
understand the option concept and can identify to create them and appropriately exercise
them. This contrasts with business leaders focused on maintaining the status quo or
maximizing near-term accounting earnings. Businesses that are market leaders are also
attractive, as they often have the best information flow and richest opportunities - often
linked to economies of scale and scope. Finally, real options are most applicable precisely
where change is most evident.
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