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ABSTRACTHELSINKI SCHOOL OF ECONOMICS
Entrepreneurship and SME Business Management 
Master’s thesis
Antti Rantanen 24.09.2004

A REAL OPTION APPROACH TO PROJECT VALUATION IN AN 
OPPORTUNITY-FOCUSED ORGANIZATION: A CASE OF A FINNISH R&D 
COMPANY

Objectives of the study

The main objective of this research is to develop and implement a practical real option 
framework to model and valúate strategic decision-making in a case company. The 
study is aiming at providing insight into implementing practical real option framework 
in order to overcome the problems of traditional valuation techniques in uncertain 
business environments, like the fact that common techniques don’t account for 
flexibility.

Methods of the Study

Attempts are made to solve a practical decision-making problem in a case-organization 
through constructive model building. The theoretical basis for the study lies in the 
finance theory, especially in the option pricing theory. Also, influence was taken from 
organizational behaviour. In the theoretical part, a framework for valuing sequential 
Research and Development investment was constructed. As well, organizational factors 
were discussed and the concept of an opportunity-focused organization was introduced. 
In the empirical part of the thesis the framework was converted into a Microsoft Excel- 
tool. The tool was used to value a product program in a case company. The case 
environment is applicable to the real option valuation, since the business environment is 
very uncertain but is offering considerable investment opportunities in the future. 
Further, the case organization has adopted the real option mindset.

Results of the study

The results of the valuation showed that there is justification for the case project. 
However, the traditional NPV value for the case was negative indicating NO GO 
decisions. The real option reasoning found additional value in the flexibility of the 
investment, which in this case are the opportunities to invest more in the future. This 
overcame the NPV suggestion and therefore made the investment rational. Furthermore, 
the study overcome the difficulties of practical real option implementation, and showed 
that an intuitive and easy-to-use real option tool can be constructed using normal 
spreadsheet software. The research also indicated that there are substantial possibilities 
to integrate the real option analysis to the other planning tools or even extend the real 
option analysis from the project level to a higher organization level and implement the 
real options as an organizational process.
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Real options, Strategic management, Flexibility, Valuation
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TIIVISTELMÄHELSINGIN KAUPPAKORKEAKOULU 
Yrittäjyys ja PK-yritysten johtaminen 
Pro gradu -tutkielma
Antti Rantanen 24.09.2004

PROJEKTIN ARVONMÄÄRITYS REAALIOPTIOIDEN AVULLA 
MAHDOLLISUUSHAKUISESSA ORGANISAATIOSSA: CASE TUTKIMUS 
ERÄÄSSÄ SUOMALAISESSA T&K YRITYKSESSÄ

Tavoitteet

Tutkimuksen tavoitteena on rakentaa ja toteuttaa Case-yrityksessä käytännöllinen 
reaalioptiomalli strategisen päätöksenteon mallintamiseen. Reaalioptiomallilla pyritään 
välttämään tavanomaisten arvonmääritysmallien ongelmat epävarmoissa ympäristöissä. 
Suurin ongelma tavanomaisissa lähestymistavoissa on se, että ne eivät pysty 
mallintamaan investoinnin joustavuutta.

Tutkimusmenetelmät

Case -yrityksen käytännön päätöksenteon ratkaisemiseksi käytetään konstruktiivista 
mallin rakentamista. Tutkimuksen teoreettinen tausta on rahoitusteoriassa ja erityisesti 
optionhinnoitteluteoriassa. Lisäksi tutkimuksessa on vaikutteita organisaation 
käyttäytymisteoriasta. Teoreettisessa osassa rakennetaan malli vaiheittaisen Tutkimus- 
ja Kehitysinvestoinnin arvonmääritykseen. Samalla keskustellaan myös organisaation 
kannalta keskeisistä kysymyksistä reaalioptioita johdettaessa, sekä muodostetaan käsitys 
mahdollisuuskeskeisestä organisaatiosta. Empiirisessä osassa teoreettinen 
reaalioptiomalli rakennetaan Microsoft Excel-työkalun muotoon ja työkalua käytetään 
Case projektin arvonmääritykseen. Arvonmääritys suoritetaan ympäristössä, jonka 
liiketoimintanäkymät ovat erittäin epävarmat, mutta joka kuitenkin tarjoaa huomattavia 
mahdollisuuksia tulevaisuudessa. Lisäksi kohdeympäristö on jo aikaisemmin 
hyväksynyt reaalioptioiden ajattelutavan.

Tulokset

Tutkimustuloksena Case projektille löydettiin riittävät perustelut. Projekti kuitenkin 
näytti heikolta tavanomaisella NPV menetelmällä analysoituna. Siitä huolimatta 
reaalioptioiden eli Case tapauksessa uusien investointimahdollisuuksien tuoma 
joustavuuden lisäarvo pystyi löytämään perusteet projektin jatkamiselle. Tutkimuksessa 
pystyttiin myös rakentamaan käytännöllinen reaalioptiomalli ja samalla todistettiin 
myös, että intuitiivinen ja helppokäyttöinen malli voidaan rakentaa käyttämällä 
normaalia taulukkolaskentaohjelmistoa. Lisäksi tutkimus osoitti huomattavia 
mahdollisuuksia yhdistää reaalioptioanalyysi yrityksen muihin suunnittelutyökaluihin 
tai ulottaa projektitason analyysi koskemaan ylemmän tason strategisia päätöksiä ja 
muuntaa reaalioptioanalyysi organisaation kattavaksi prosessiksi.

Avainsanat

Reaalioptiot, Strateginen johtaminen, Joustavuus, Arvonmääritys

Rantanen, Antti. A Real option approach to project valuation in an opportunity-
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“In financial terms, a business strategy is much more like a series

of options than it is like a series of static cash flows. ”
-Timothy A. Luehrman,

professor of finance at Thunderbird, the American 

Graduate School of International Management.
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1. Introduction

“Flexibility is a multi-dimensional concept - demanding agility and versatility; 

associated with change, innovation, and novelty; coupled with robustness and 

resilience, implying stability, sustainable advantage, and capabilities that may 

evolve over time.”

-Bahrami, 1992

1.1. Motivation for the study

Implementing the right strategy in the right way is crucial for the success of a business. 

Basically, academic literature describes two strategic management approaches that take 

the opposite point of view, the prescriptive approach (see e.g. Ansoff 1965; 1969) and 

the emergent approach (see e.g. Mintzberg 1990). The prescriptive approach states that 

strategic management and planning are mainly a rational and linear process and the key 

objectives and elements have been developed before the strategy begins (Lynch 1997). 

In contrast, the objective of emergent strategy is unclear. Here, the strategy is seen 
emerging within the organization (Johnson & Scholes 2002, 24).

When devising strategy, it is important to recognise and consider the factors that drive 

to a good strategy formulation. These factors include internal consistency, consistency 

with environment, appropriateness in the light of available resources, satisfactory degree 

of risk, appropriate time horizon and workability (Tilles 1963). However, today in some 

industries the business environment involves high uncertainty and requirements that 

asks for further evaluation criteria. According to Mintzberg and Quinn (1991, 11), 

additional criteria should include clear and decisive objectives, maintaining the 

initiative, concentration, coordination and committed leadership, surprise, security and 

flexibility. It goes without saying that flexible strategies will always dominate inflexible 

ones. Thus, strategists should not think about strategy as mutually exclusive choices, but 

rather as a portfolio of options that can be exercised when new information reveals or 

the market conditions change (Copeland & Antikarov 2001, 343). Viewing strategy as 

real options changes significantly the traditional way of looking the strategic planning.

Rantanen, Antti. A Real option approach to project valuation in an opportunity-
focused organization. Helsinki School of Economics.
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In theory, the real option solutions should provide a better understanding and evaluation 

of flexible strategies. Still, companies have been very slow adopting real options to their 

valuation templates. Even though rapid development of information technology has 

lowered the mathematical barriers, still most of the practitioners consider real options a 

black box. As a fairly new valuation technique, real options are struggling with their 

practical complexity. (Teach 2003)

The increasing demand for flexibility as well as rapidly developing technologies create 

technological uncertainty that must be managed. Innovation is presented to be risky and 

hazardous (e.g. Schumpeter 1934, 89). In order to overcome the uncertainty related with 

the innovation and business development, firms ought to employ modelling, evaluation, 

and controlling procedures. The purposed contribution of this study is to build a 

framework for businesses to valúate strategic investments within the real option 

approach. The framework will capture the business opportunities and provide 

competitive advantage by inserting flexibility into the strategic R&D investments. In the 

empirical part the flexibility is measured by the opportunities to make additional R&D 

investments in the future and to get timely suggestions for project abandonment. In 

addition, the theoretical part discusses the human competences and organizational 

factors of an entrepreneurial organization, which are usually neglected by the real 

option mindset. Another purposed contribution of this thesis is to reveal the black box 

around the real options and describe the real options theory in a compact and easily 

grasped form.

1.2. Objectives of the study

This paragraph will define the research objectives for the thesis. The objectives are set 

in effort to give a backbone for the research, as well as to help identify the research 

problem. The main objective of the thesis is:

"to develop a practical real option framework to model and valúate strategic decision

making. After developing the framework it will be implemented and tested in a real 

business environment. ”

Rantanen, Antti. A Real option approach to project valuation in an opportunity-
focused organization. Helsinki School of Economics.
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Moreover, to solve the main objective, supplementary objectives are set:

• To find a practically appropriate valuation technique for real option 

valuation, which is intuitive, practical and easy to understand.

• Discussion of the human competences and organizational capabilities 

needed for managing real options.

• To develop a real option tool that can be used in the case organization to 

solve practical R&D decision-making problems.

Also, the objective is to build the framework as a planning, controlling and management 

tool. This requires real life workability and effectiveness. Moreover, the model should 

be intuitive to understand and work with.

1.3. Research problem

In order to develop a solution to the main objective of the study, research problem is 

presented. The research problem is stated in a form of a question. By answering the 

research question, the research objectives are met. The research question of this study is 
stated as follows:

“How can strategic R&D decisions within an opportunity-focused organization be 

practically modelled and valued with a real option framework? ”

In addition, two sub-problems are presented to help to find the answer to the main 

research problem, as well as to meet the secondary objectives of the study:

• " What are the relevant real option pricing techniques? "

• "How can a real option tool be built to solve practical decision-making 
problems? ”

The process begins by answering the sub-problems and meeting the supplementary 

research objectives. Based on the knowledge accumulated, the main research objective 

can be fulfilled.

Rantanen, Antti. A Real option approach to project valuation in an opportunity-
focused organization. Helsinki School of Economics.



1.4. Focus of the study

This study will concentrate on valuating strategic investments from the real option 

perspective and making the strategies more efficient by seeing the future business 

opportunities. Further, it is important to recognise the many other factors that drive 

strategic business performance (see e.g. Tilles 1963 supra). For example, committed 

leadership must be chosen so that their personal interest and values match their roles 

(Minzberg & Quinn 1991). The indention of this study is also to recognize that human 

competences and organizational capabilities are significant factors when managing real 

options. The organizational issues are reviewed in the theoretical part, and the case 

organization for the empirical valuation is chosen so that it meets the requirement of 

real option management.

The study has a strong emphasis on developing the real option framework as a 

management tool. This asks for practicality, easy of use and intuitiveness. The 

viewpoint is set to serve the corporate management in effort to enhance business 

performance.

To keep a clear focus, the real option theory in this study will not cover the valuation 

techniques for financial options. The real option valuation is based on the traditional 

financial option valuation models, thus the models presented here can be used with 

financial options as well. There can be found a lot of literature about financial option 

valuation techniques (see e.g. Hull 2003, Brealey & Myers 2003, Black & Scholes 

1973, Merton 1973). Moreover, the valuation models overviewed and described in this 

thesis will not cover all the methods described in the literature; rather the most relevant 

models from the real options point of view are reviewed and assessed.

As well, the most complicated real options are not covered in detail, due to the very 

complex nature of such multifaceted options. The study seeks for building a realistic, 

easy-to-use, and yet comprehensive model for flexible strategic investment valuation. 

The mathematics and the model have to stay at an understandable level as well as 

intuitive enough to be used as a management tool. The most complex options are not 

suitable in attempt to build an effective and practical real option model.

4 

Rantanen, Antti. A Real option approach to project valuation in an opportunity-
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Many academic studies and articles on real options suffer from several limitations. Most 

of them oversimplify the complexness of the real options, usually by using the 

Black&Sholes options pricing model to calculate the option price. Even though, the aim 

of this study is to develop an easy-to-understand model, the study will also reach for 

making the model suitable in a realistic business environment. For this reason, the study 

avoids making completely unrealistic assumptions. Moreover, the numerous academic 

studies overlook the organizational factors of real options. This study also tries to fill 

that gap in the literature by linking the quantitative side of real options to the qualitative 

side of organizational behaviour.

1.5. Research methodology

According to Kasanen et al. (1993, 245) constructive research is managerial problem 

solving through the construction of models, diagrams, plans, organizations, etc. 

Constructive research can be viewed as a type of applied studies. The constructive 

research work is divided into six research phases. The order of the phases can vary case 

to case (Kasanen et al. 1993, 246):

1. Find a practically relevant problem, which also has research potential.

2. Obtain a general and comprehensive understanding of the topic.

3. Innovative, i.e., construct a solution idea. Model construction.

4. Demonstrate that the solution works.

5. Show the theoretical connections and the research contribution of the solution 
concept.

6. Examine the scope of applicability of the solution.

Figure 1 Elements of Constructive Research.

1 1 1 11
I Practical relevance

CONSTRUCTION,
problem solving

I Theory connect1 J II
1

Practical
functioning

Kasanen et al. 1993, 246

Rantanen, Antti. A Real option approach to project valuation in an opportunity-
focused organization. Helsinki School of Economics.
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Figure 1 presents the concept of constructive research. This thesis suits that concept 

very well and therefore is considered as a constructive study. The developed real option 

framework will be based on the scientific discussion around the following topics: 

finance theory, quantitative methods, strategic management and organization behaviour. 

The construction relevant to this study is managerial construction that refers to the 

standpoint, which solves problems that emerge when operating a business organization. 

After building a real option model and testing it in a real business environment, 

judgements about the theoretical contributions of model can be made.

Moreover, real options are increasingly practically relevant, since there is very limited 

number of practically implemented real option models. A lot of research around real 

options is still to be done, especially in the field of making real options a practitioner’s 

tool. At the moment this is not the case. Further, little academic contribution on the 

organizational side of real options is available. This study will put a lot of effort 

especially to the practical functioning. The attempt is to convert so far the rather 

theoretical subject into practicality, without forgetting strong connectivity to the theory.

1.6. Structure of the study

In the process of developing the real option framework for strategic investment 

valuation and answering the research question, the research structure is outlined. In the 

basis the study follows the research phases discussed by Kasanen et al. (1993). After 

introducing the research problem, a review is made especially on a strategic investments 

valuation, as well as on the strategic planning literature, identifying problems with the 

traditional planning processes and valuation techniques. Then, the real options theory is 

illustrated and a strong effort is made to reveal the black box and to make the real 

options as transparent as possible. Thirdly, the organizational requirements and human 

competences for a real option implementation are discussed, after which the framework 

for a strategic investment valuation is constructed as well as tested empirically in a real 

business environment.

Chapter 1 is the introductory chapter that defines the objectives, research problem and 

structure of the thesis.

Rantanen, Antti. A Real option approach to project valuation in an opportunity-
focused organization. Helsinki School of Economics.
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Chapter 2 reviews the customary strategic investment valuation models. The chapter 

will describe why traditional (e.g.Net Present Value) techniques are insufficient when 

evaluating flexible investments including high uncertainty and evolving business 

environment. Furthermore, this chapter will review the real option mindset and provide 

a broad literature review on real options.

Chapter 3 describes the valuation of real options. Different aspects of real options are 

discussed and alternative techniques for a real option valuation are presented in attempt 

to find an optimal approach to valúate strategic investments under high uncertainty. The 

chapter tries to find an intuitive and managerial point of view to a real option valuation 

and provide building material for the theoretical framework.

Chapter 4 studies the organizational and managerial issues related to real options and a 

real option implementation. This chapter is also a strong building block for the 

theoretical framework of the thesis.

Chapter 5 links the real option theory with the valuation of strategic investments. In this 

chapter a framework for valuating flexible strategic investments is developed and 

described and the theoretical framework is constructed.

After building the real option framework the thesis will empirically examine the 

functionality of the model by testing and implementing it in a case company.

Chapter 6 will define and discuss the process of developing the real option model in 

Microsoft Excel. The chapter will go through the different parts of the Excel-model and 
the basic techniques used to construct the tool. Importantly, the chapter will also 

validate the Excel model by comparing hand-made calculations to the results given by 

the real option Excel model.

Chapter 7 reports the research findings and uses developed model empirically in a case 

company. The business environment, variables, parameters and other data needed for 

the real option framework implementation are introduced, before the real option model 

is employed.

Rantanen, Antti. A Real option approach to project valuation in an opportunity-
focused organization. Helsinki School of Economics.
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Chapter 8 concludes and discusses the theoretical as well as managerial implications of 

the study. Also, further research suggestions are made. Moreover, the limitations of the 

study are discussed and the successfulness of answering the research question and 

meeting the research objectives are reflected.

Figure 2 Structure of the study.

Chapter 1.
Introduction and problem definition

Chapters 2., 
3. and 4.

Assessing 
organizational ! 

capabilities

Strategic ï
investment 
valuation j

The Real 
Option Theory

Chapter 5.
Real Option framework

Chapter 6.. 
and 7. Empirical test and implementation

Chapter 8.
Implications and conclusion

Figure 2 summarises the structure of this research. During the research process theory 

will convert to a practical management tool for enhancing business performance. Also, 

the mystification around real options is revealed and the concept of an opportunity- 

focused organization is clarified.

Rantanen, Antti. A Real option approach to project valuation in an opportunity-
focused organization. Helsinki School of Economics.
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1.7. Central definitions

In this paragraph the most fundamental terms of the thesis are defined. The terms 

defined here are the elementary building blocks of this thesis and they are essential to 

understand before going deeper into the real option world.

Option is defined as a right but not an obligation to buy or sell an asset. As well, an 

option can be a call option, implicating that it gives the right to buy an asset at a 

specified exercise price. Alternatively, an option can be a put option, giving the right to 

sell an asset at a specified exercise price. In addition, an option can be defined as a 

European option or as an American option. A European option can be exercised only on 

the expiration date, whereas an American option can be exercised before, up to, 

including its expiration date, making them more valuable than the European ones. 

Additionally an option can have a long position when an asset is being purchased. In 

contrast, a short position is created when assets are being sold without owning those 

assets. (See e.g. Bodie et al. 2002, 978-989)

Traditionally, options are financial options, meaning that they are meant for financial 

assets, for equity for instance. However, the underlying risky asset can be a real asset as 

well. Options involving real assets, such as, land, plants, machinery, are called real 

options (Hull 2003, 711). A real option is the right, but not the obligation, to take action 

(e.g. deferring, expanding, contracting or abandoning) at a predetermined cost called the 

exercise price, for a predetermined period of time - the life of the option 

(Copeland&Antikarov 2001, 5). As well, according to Kogut and Kulatilaka (2001) real 

options are investments that provide an opportunity to respond to the future contingent 

events, by investing in physical assets, human competence, and organizational 

capabilities.

There is a wide range of definitions of flexibility. Harrigan (1985) defines the term 

strategic flexibility from a market perspective. Strategic flexibility refers to a firm’s 

ability to reposition itself in markets, change its game plan or dismantle its current 

strategies. Furthermore, Eppink (1978) uses the term competitive flexibility and defines 

it as the ability of an enterprise to react to competitive changes caused by a major

Rantanen, Antti. A Real option approach to project valuation in an opportunity-
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transformation of the market position, through the introduction of a new product or the 

entry of new competition.

Also, Trigeorgis (1993) defines flexibility as the ability of the management to alter its 

operating strategy in order to capitalise on favourable future opportunities or mitigate 

losses. The management may choose to defer, expand, contract, abandon or otherwise 

alter a project at different stages during its useful operating life. Kulatilaka and Marks 

(1988) state that one of the significant advantages of flexibility is that it provides the 

production process with an ability to modify itself in the face of uncertainty. Kulatilaka 

(1993) uses the term “operating flexibility” to define the ability of managers to revise 

operating decisions in response to economic conditions.

According to Ansoff (1988, 42) flexibility can be measured by two proxy objectives: 

external flexibility namely by means of diversified pattem of product-market 

investments, and internal flexibility by means of liquidity of resources.

Volberda (1998, 93) has a rather different perception in which internal flexibility is seen 

as the capacity of organizations to adapt to the demands of the environment, while 

external flexibility is the capacity of organizations to influence their environment and 

thereby reduce their vulnerability. This definition thus includes two strategies, on the 

one hand of adaptation of the environment and on the other influencing the 

environment. Moreover, Volberda (1998, 100) defines flexibility as the degree to which 

an organization has variety of managerial capabilities and speed, which can be activated 

to increase the control capacity of the management and improve the controllability of 

the organization.

Donaldson (1971, 8) applies a broader term, namely “financial mobility”, which he 

defines as “the capacity to redirect the use of financial resources in a manner consistent 

with the evolving goals of the management as it responds to new information about the 

company and its environment”.

However, this study defines flexibility according to Koomhof (1998). In her doctoral 

thesis she defines flexibility as follows: “Flexibility is the process of being aware, 

responsive, willing and able to take action to reposition the resources and functions of

Rantanen, Antti. A Real option approach to project valuation in an opportunity-
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the organization in a manner consistent with the evolving vision, strategies and goals of 

management as they respond proactively or reactively to new information on foreseen 

and unforeseen change in the organization and its environment. ” This definition is 

based on Donaldson’s definition about financial mobility.

Strategic management in this study is defined according to Thompson (1996). He 

defines strategic management as a process by which an organization establishes its 

objectives, formulates actions designed to achieve these objectives in the desired time- 

scale, implements the actions and assesses progress and results.

Risk and uncertainty is defined by many academics and in many different ways. For 

example Knight (1985, 24) makes the difference between measurable and immeasurable 

uncertainty. He defines “risk” to be used with use former and “uncertainty” with the 

latter. Still, this thesis adopts the finance theory view to risk and uncertainty. According 

to the finance theory risk and return go hand in hand. When risk increases the expected 

rate of return increases as well. Risk is uncertainty about the future. In practice risk is 

measured with different kinds of probability distributions. The ratio used to describe 

risk is called volatility. Volatility is the fluctuation of the value of an investment, asset 

or return. Mathematically volatility is the standard deviation of the returns, in other 

words the square root of variance of the returns. The more volatility the investment has 
the greater the risk. When the value of an investment is fluctuating heavily, it causes 
uncertainty for an investor.

Discounted cash flow techniques are methods of evaluating the return on a capital 

investment, by calculating the present value of the income flow. The analysis of the 

discounted cash flow is valuable when selecting from competing investments, by taking 
into account the time value of money.

Decision trees are one of the most popular methods used for inductive inference. They 

are robust for noisy data and capable of learning disjunctive expressions. A decision tree 

is a tree where each of the internal nodes specifies a test on some attributes from the 

input feature set used to represent the data. Each branch descending from a node 

corresponds to one of the possible values of the feature specified at that node. And each 

test results in branches, which represent different outcomes of the test. 

(Ratanamahatana, C., Gunopulos 2003, 477)
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The thesis uses the term Real Option Mindset in order to point out that strategic 

decision-making involves flexibility that can be captured by the real option technique. A 

manager who has adopted the real option mindset recognises the value of flexibility and 

sees strategic decision-making as a portfolio of real options.

Competence is defined as the ability of an organization to sustain coordinated 

deployments of resources in ways that promise to help the organization to achieve its 

goals (Heene & Sanchez 1997, 7). Competences are hidden in the knowledge and know

how of individual organization members.

The term entrepreneurial organization used in this thesis is strongly related to the term 

intrapreneurship. This is the term given to the establishment and fostering of 

entrepreneurial activity within large organizations (Thompson 1996, 71). Managers and 

employees of a company can produce new ideas for innovation if the structure of the 

organization and climate encourages and allows them to contribute. Here the term 

entrepreneurial organization is used to describe an organization where intrapreneurship 

is highly fostered and appreciated.

Organizational culture is defined according to Schein (1985) as the deeper level of 

basic assumptions and beliefs, which are shared by the whole organization and which 

are operating unconsciously. Culture defines the basic self-evident fashion of the 

organization’s view of itself and its environment. Also, according to Schein (1985) 

culture is learned and evolves with new experiences. Moreover, culture can be changed 

if the learning process is understood. In simplest, it is the way the organization members 

behave and the values that are important for them (Thompson 1996, 14).

Resistance to organizational change is a very general and natural phenomenon. 

Changes happen because people change their attitudes, values, self-images and 

behaviour. Many times this can be seen threatening. Change presents those caught up in 

it with new situations, new problems, ambiguity and uncertainty. Very commonly 

people find change, or thought of it, painful and frustrating. Change is usually resisted 

because it involves both confrontation with the unknown and the loss of the familiar. 

(Huczynski & Buchanen 1991, 533)

Rantanen, Antti. A Real option approach to project valuation in an opportunity-
focused organization. Helsinki School of Economics.



13

Here an opportunity-focused organization is defined as an organization, which is 

aggressively looking for growth opportunities by investing physical assets, human 

competence and organizational capabilities in order of response to future contingent 

events. Such organizations are willing to take risks in attempt to find valuable 

opportunities that would provide competitive advantage and supernormal profits. 

Opportunity-focused organizations are often entrepreneurial by nature, operating in 

uncertain business environments and willing to adopt the real option mindset and 

valuation techniques. Opportunity-focused culture is an organization culture that is 

armed with basic beliefs, assumptions and values to serve the purposes of an 
opportunity-focused organization.

Rantanen, Antti. A Real option approach to project valuation in an opportunity-
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2. Models for strategic investment valuation

Typical approaches to valúate strategic investment are discounted cash flow techniques. 

The discounted cash flow method was originally applied to project evaluations and later 

it was extended to whole companies (Copeland et al. 2000, 399). Further, decision tree 

based techniques have been used to overcome some of the problems that discounted 

cash flow techniques bear, but even decision trees haven’t been able to answer the 

question of measuring flexibility. In this chapter a literature review on the traditional 

strategic investment evaluations models is made. As well, this chapter explains the basic 

concepts that have led to the introduction of real options in strategic investment 

valuations. Moreover, the typical implementation problems in real business context are 

discussed and the Real Option Mindset is assessed. In conclusion it is stated why real 

option analysis is an improvement over the typical models when managerial flexibility 

is present.

2.1. Discounted cash flow techniques

Traditionally the discounted cash flow (DCF), for example, the Net Present Value 

(NPV) approach has been the most common way to value decision-making 

opportunities. According to the NPV decision rule, the shareholders of a firm will 

regardless of their individual rates of time preference, unanimously agree that the 

management of the firm should maximize shareholders’ wealth by taking investments 

that earn at least the market-determined opportunity cost of capital. That is investments 

should be undertaken until the marginal return on the last unit of money invested is 

greater or equal to the market-determined opportunity cost of capital. According to the 

theory, the shareholders don’t have to question the NPV result; they should 

unanimously agree to invest if NPV is positive. (Copeland & Antikarov 200, 56)

For decades DFC has been used in capital budgeting, regardless of the problems it has. 

These techniques require the assumption of the perfect certainty of the project cash 

flows, meaning that the popular NPV criterion works best for cost-reduction type 

problems when future cash flows are relatively certain (Miller & Park 2002, 106). 

However, today’s business environment can be so uncertain and complex that this NPV
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assumption could be very easily relaxed. Miller and Park (2002, 106) state three 

limitations of DFC techniques when applied in situations of uncertainty:

• Discounted cash flow techniques ignore the flexibility to modify decisions as 

new information arrives. When traditional discounted cash flow methods are 

naively applied to evaluate strategic projects, future opportunities that create 

value are often ignored in the valuation process. Discounted cash flow 

techniques assume no flexibility in decision-making. Obviously this assumption 

is not satisfactory with strategic investments under uncertainty.

• Selecting an appropriate discount rate poses problems. Under discounted cash 

flow methodology all the future cash flows must be projected and discounted 

using an appropriate discount rate reflecting uncertainty. This approach is simple 

to understand but deciding upon the proper discount rate is difficult.

• Investment decisions are typically seen as now-or-never type decisions rather 

than decisions that can be delayed. For example, the NPV method should lead to 

accepting a project immediately if the result is positive. This is a passive method 

that works well in deterministic situations, but the under conditions of 
uncertainty it has limited applicability.

Since flexibility has value, ignoring it may cause managers to undervalue projects and 

make serious capital budgeting mistakes. If managers fail to recognize and value 

strategic flexibility, they may choose the wrong project design when one design is 

cheaper but inflexible and an alternative is more costly initially but flexible. Managers 

could make the mistake of not seeing that flexibility creates value and not choosing the 

projects that are truly value creating. (Feinstein & Lander 2002, 419)

2.2. Decision trees

Decision trees are a rather intuitive and easy way of understanding the decision-making 

process. They are a long-standing method for attempting to capture the value of 

flexibility (Copeland & Antikarov 2001, 89). Decision trees can be used to valúate and 

model many kinds of decision problems since they consider capital budgeting as a 

hierarchical and sequential process. Trigeorgis (1996, 56) says that decision trees are a 

great tool for the management because they force to bring to the surface the implied 

operating strategy and to recognize explicitly the interdependencies between the initial
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decision and subsequent decisions. In addition, Lander and Pinches (1998, 552) discuss 

several strengths that decision trees possess:

• Expressive, flexible, and map out all the possible alternatives

• Can model any value or cash flow pattem

• Give both project value and optimal strategies

• Address variable interdependencies

• Can account for state and/or time dependent parameters

• Can model path dependent conditional cash flows such as asymmetric switching 

costs

Decision trees produce an effective way to communicate the flexibility and uncertainty 

in the decision making process. All the possible scenarios and alternatives can be 

quickly and easily observed in the decision tree. Moreover, decision trees are a good 

tool for recognizing the future opportunities and options. If managers fail to identify 

where the options are hidden in the investment decision, a further real option valuation 

can never be conducted.

However, even though decision trees are an excellent way to model flexibility, they 

suffer from some fundamental problems that have to be solved. Lander & Pinches 

(1998, 553) conclude three major problems of decision tree analysis with flexible 

strategic investment decisions. The first problem is the discount rate used to value the 

tree. A traditional decision tree can’t model volatility in the right manner when there is 

an option in the tree. Decision trees assume that the discount rate is constant when one 

can easily notice that the uncertainty is changing based on the varying payouts in the 

different parts of the decision tree. Thus, when there is an option present, the discount 

rate for the tree as a whole is most probably not the same rate as the discount rate for the 

underlying risky asset alone. In other words, the decision tree analysis violates the law 

of one price'.

The second weakness with the decision tree is the size of the tree. When modelling a 

real business environment decision problem the tree starts to expand very rapidly

1 Law of one price states that to prevent arbitrage profits, two different assets that have the same payoffs 
in every state of nature are perfect substitutes for each other. Therefore, they must also have the same 
value.
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making it quite complex to comprehend. If the tree grows burdensomely large, its value 

as intuitive model deteriorates in the same process. Large trees can’t efficiently 

communicate and model the investment in a way that it actually supposed to. No one 

can read trees that try to model hundreds and hundreds of nodes including several 

different options.

Thirdly, but less critically, it is quite hard to try to estimate the future uncertain cash 

flows. However, it is also impossible to hide from this problem. Discounted cash flow 

techniques have the same challenges. Furthermore, if the market prices for the 

underlying risky assets are not available as it is with usual real options, the option-based 

models also suffer from the same difficulties.

2.3. The Real Options approach to decision-making

A real option analysis corrects the problems that conventional DFC and decision tree 

approaches have. It successfully models the flexibility of decision-making, it obeys the 

law of one price, and most importantly it correctly prices the investment with flexibility. 

Still, before applying real options it must be understood that there is no model that can 

guarantee a flawless result. As Lander & Pinches (1998, 542) point out, when applying 

any decision-making framework, there is no substitute for managerial effort, creativity, 

experience, knowledge, and critical thinking. Furthermore, they stress that any decision 
making model is subjected to:

• Inappropriate assumptions about either the investment opportunity or the 
modelling and valuation method used

• Poor estimation procedures, including inappropriate handling of inflation

• Failure to incorporate the effects of competition and the strengths and 

weaknesses of the firm into all aspects of the investment opportunity

• Ineffective information gathering or performance and measurement systems

• Inappropriate emphasis on short-run goals and results, or excessive conservatism 
or optimism

Even though the real option approach can be used to successfully valúate flexibility, it 

must be recognised that there isn’t a tool that would give perfect answers. Real option 

approach is no exception. Rather, investment valuation and modelling is about finding
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and using tools that set the best possible framework for the investment in question. No 

one should even expect perfect answers; rather they should expect tools that provide the 

best available means for the problem framing.

2.3.1. Basic concepts

The breakthrough work by Fischer Black and Myron Scholes (1973) and Robert Merton 

(1973) provided an answer for calculating the price for a call option. In fact, the 

valuation of real options is an application of financial option valuation. Myers (1977) 

was the first to present the relationship between financial options and options on real 

assets. Tourinho (1979) followed his work with the practical real option valuation of 

natural resource investments. In his valuation work with natural resources it was 

possible to use the financial option valuation methods. The volatility was easily 

observed from the historical data and the prices of the different recourses were known. 

The investment to natural resource made it ideal to use financial option valuation 

framework, which is not, however, the case with modem strategic investment valuation 

decisions. Usually the input parameters are somewhat hard to get. For instance, 

volatility can’t be observed from the market like with natural resources.

After a while, the discussion was diverted away from natural resource investments. 

Kester (1983) showed that business managers could think of opportunities as options on 

the company’s future growth. Kester explained that future investment opportunities are 

analogous to ordinary call options on securities. Still, already Black and Scholes (1973) 

explained in their paper that the equity of a leveraged firm is on option on the value of 

the firm whose exercise price is the face value of firm's debt and whose maturity is the 

maturity of the debt. Kester (1983) also illustrated that companies may be justified on 

accepting projects with negative Net Present Values, when creating valuable options for 

future growth opportunities. This was quite a big change in the traditional mindset, 

where investments with negative cash flows were hard to understand. Actually, real 

options are still quite misunderstood, and there is a lot of work to be done with 

corporate managers.

Nowadays researches and consultants have also started to develop more practical 

solutions for real options. For example, Kulatilaka (1999) and Copeland and Antikarov
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(2001) have contributed to the managerial side of real option modelling. Little by little 

the discussion is turning to finding a simple and practical solution for real options.

Table 1 summarises the research area and history of real options. One can immediately 

notice that the implementation offers nearly endless possibilities. Real options have 

been researched nearly in every possible line of business, but still practical real life 

implementations are only in the hands of those innovative companies that possess the 

required human capital as well as the understanding of the competitive advantage that 

real options offer. Nowadays, the most interesting implementation areas are in 

businesses that are highly capital intensive and require very challenging strategic 

investments in an extremely uncertain environment. Mostly, investments like this 

include research and development, venture capital or other strategic investments. Still, 

real option research has been greatly concentrated on the quantitative side of real 

options. It is not until lately that researchers have woken up and realised that real 

options require active management and a lot more than just quantitative calculations.
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Table 1 Real Option topics and areas of application.

Tonic or Area References I
Natural resources Tourinho (1979), Brennan and Schwartz (1985a, 1985b), Siegel, Smith and

Paddock (1987), Paddock, Siegel and Smith (1988), Morck, Schwartz, and 
Stangeland (1989), Trigeorgis (1990), Kemna (1993), Pickles and Smith (1993), 
Epstein (1996), Leslie and Michaels (1997), Schwartz (1997, 1998), Smit (1997), 
Smith and McCardle(1997, 1998), Laughton (1998), Tufano (1998)

Competition and
corporate
strategies

Baldwin (1982, 1989, 1991), Gilbert (1989), Kogut (1991), Trigeorgis (1991a,
1996), Baldwin and Clark (1992, 1994, 1996), Kulatitilaka and Perotti (1992), 
McGahan (1993), Smit and Ankum (1993), Smit and Trigeorgis (1995),
Grenadier and Weiss (1997), McGrath (1997), Farzin, Huisman, and Krot (1998)

Manufacturing Kulatilaka (1984, 1988), Kaplan (1986), Aggarwal (1991), He and Pindyck
(1992), Baldwin and Clark (1994, 1996), Kamrad and Ernst (1995), Mauer and
Ott (1995), Lefley (1996)

Real Estate Stulz and Johnson (1985), Titman (1985), Gilberto and Ling (1989), Capozza and
Sick (1991, 1994), Williams (1991, 1993, 1996), Quigg(1993, 1995), Capozza 
and Li (1994), Grenadier (1995, 1996), Childs, Riddiough, and Triantis (1996), 
Simians (1997)

International Baldwin (1987), Dixit (1989a, 1989b), Mahajan (1990), Kogut and Kulatilaka
(1994), Sercu and Uppal (1994, 1995), Bell (1995), Buckley and Tse (1996), 
Sansing (1996), Capel (1997), Schich (1997), Buckley (1998)

R&D Morris, Teisberg, and Kolbe (1991), Newton and Pearson (1994), Childs, Ott,
and Triantis (1995), Faulkner (1996), Ott and Thompson (1996), Pennings and
Lint (1997)

Regulated firms 
and utilities

Mason and Baldwin (1988), Teisberg (1990, 1993, 1994), Edleson and Reinhardt
(1995)

M&A and 
corporate 
governance

Hathaway ( 1990), Smith and Triantis (1994, 1995), Hiraki (1995), Vila and
Schary ( 1995), Ikenberry and Vermaelen (1996)

Interest rates Ingersoll and Ross (1992), Ross (1995), Lee (1997)
Inventory Chung (1990), Stowe and Gehr (1991), Stowe and Su (1997)
Labor force Kandel and Pearson (1995)
Venture Capital Sahlman (1993), Willner (1995), Gompers (1995)
Advertising Epstein, Mayor, Schonbucker, Whalley, and Wilmott (1998)
Law Triantis and Triantis (1998)
"Hysteresis" 
effects and firm 
behaviour

Pindyck (1991), Dixit and Pindyck (1994)

Environmental 
compliance and 
conservation

Purvis, Boggess, Moss and Holt (1995), Wiebe, Tegene, and Kuhn (1997)

Lander & Pinches 1998, 539

2.3.2. Uncertainty builds value

When implementing a real option framework you have to change your view towards 

uncertainty. Traditionally, it is seen that uncertainty and volatility only cause risks that 

must be managed in the best possible way. However, managers should accept and see 

the opportunities hidden in uncertainty, they should welcome, not fear uncertainty. 

Figure 3 presents the real option way of looking at uncertainty, which is that uncertainty 

creates opportunities.
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Figure 3 Uncertainty increases value.

Real Option View

Managerial 
Options 
Increase Value

Traditional View

Uncertainty

Amram & Kulatilala 1999, 15

Managerial options increase the value of investment, but obviously that value depends 

heavily on the business environment. Not all investments require flexibility in the 

decision making process. Investments must have a considerable effect on the 

competitive strategy before flexibility start to create value. If the investment is not 

contingent by nature, flexibility offers no value added and real option analysis is the 

wrong tool for the job. Amram (2002, 33) says that DFC techniques value best 

opportunities without contingent decisions, while real options and decision analysis best 

value opportunities with a larger amount of uncertainty and flexibility. Copeland and 

Keenan (1998) describes that flexibility has the greatest value:

• When the uncertainty about the future is very high and it is very likely that new 

information will be received through time.

• When there is room for managerial flexibility, allowing the management to 

respond appropriately to new information.

• When it is hard to decide whether the investment is good or bad, meaning that 

the traditional Net Present Value is near zero.
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Figure 4 The role of DFC and real options in decision-making.

LOW LEVEL OF UNCERTAINTY HIGH

Miller & Park (2002, 110)

Figure 4 illustrates that DFC and real options are complementary decision-making 

techniques. In order to conduct real option analysis, standard DCF tools are needed to 

calculate inputs for the option valuation framework. Pure DCF tools are suitable for 

simpler and straightforward decision problems, whereas real options should be utilised 

in uncertain business environments that rely on the value of additional information. Real 

options are suitable for actively managing projects by delaying further information and 

expanding or abandoning commitments. The following list of common real options is 

presented and commented according to Copeland & Antikarov (2001, 12) and 

Trigeorgis (1993b) with additions:

• The Option to abandon. An abandonment option is an opportunity to abandon an 

investment with a price decreasing through time. For example, if the market 

conditions are declining, the management can make a decision to abandon the 

investment and collect a fixed amount of money by abandoning the investment. 

Important in capital-intensive industries, such as airlines and railroads. Also 

important when introducing new products in uncertain markets. Formally, the 

abandon option is an American put option. The abandon option is analysed, for 

example, by Myers & Majd (1983).
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• The Option to contract. Operations can be scaled down, if the market conditions 

turn out to be less favourable than expected, for example, by selling off some extra 

capacity. This is important in the natural resource industries and within cyclical 

businesses, like construction and commercial real estate business. Formally the 

option to contract is an American put option. The option is studied, for example, by 

Trigeorgis & Mason (1987).

• Option to defer. A deferral option has the right to delay the start of the investment. 

The management can wait to see if the new information reveals something affecting 

the nature of the investment. The exercise price is the money invested in getting the 

investment started. A deferral option is an American call option. The option to defer 

is analysed, for example, by Ingersoll & Ross (1992).

• The Option to expand and the Option to extend. In contrast to option to contract, 

the option to expand can be exercised when more capacity is needed and the 

operations are being scaled up. Also, by exercising the option to extend, the life of 

the investment can be extended. For example, important in research and 

development, where it is hard to predict the lifetime of the project. Both American 

call options.

• Switching option. Switching options are portfolios of American call and put 

options that allow their owner to switch at a fixed cost between two models of 

operation. For example, switching the operations off, when the natural source prices 

are high and switching the operation back on, when the prices are low. The option 

to switch is analysed, for example, by Kulatilaka & Trigeorgis (1993).

• Compound Option. Options on options are called compound options. There are 

two kinds of compound options. First, a simultaneous compound option is an option 

where two different options are alive simultaneously. Compound options can also be 

sequential. The most common case of sequential compound options is a phased 

investment. For example, the R&D processes most probably consist of different 

phases.
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• Rainbow Option. The simplest options have only one source of uncertainty but in 

real life the business investments are affected by multiple uncertainties. Rainbow 

options are options with multiple uncertainties. For example, the investment could 

be affected by the uncertainties regarding the price and demand. Rainbow options 

are studied, for example, by Trigeorgis (1993c).

• Compound Rainbow Option. The most realistic and complex of all options are 

compound rainbow options. They are options on options consisting multiple sources 

of uncertainty. Common type of compound rainbow options are called learning 

options, a phased investment that has both economic and technological uncertainty.

Table 2 Types of Real Options.

Type of real option References

Defer Tourhino (1979), Bemanke (1983), Titman (1985), McDonald and Siegel 
(1986), Trigeorgis adn Mason (1987), Lee (1988), Paddock, Siegel and Smith 
(1988), indyck (1991), Ingersoll and Ross (1992), Rester (1993), Dixit and
Pindyck (1994), Kulatilaka and Trigeorgis (1994), Edleson and Reinhardt 
(1995), Kulatilaka (1995), Purvis, Boggess, Moss and Holt (1995), Quigg 
(1995), Lee (1997), McGrath (1997), Farzon, huisman, and Kort (1998),
Laughton (1998), McDonald (1998)

Abandon Bonini, (1977), Kensinger (1980, 1987), Howe and McCabe (1983), McCabe 
and Sanderson ( 1984), McDOnald and Siegel (1986), Myers and Majd (1990), 
Schnabel (1992), Grinyer and Daing (1993), Sachdeva and Vandenberg (1993), 
Kulatilaka and Trigeorgis (1994), Schary ( 1994), Kulatilaka (1995), Vila and 
Schary (1995), Berger, Ofek, and Swary (1996, Laughton (1998)

Switch inputs, 
outputs, or risky 
assets

Margrabe (1978), Stulz (1982), Baldwin and Ruback (1986), Kensinger (1987, 
1988). Kulatilaka and Trigeorgis (1994), Carr (1995), Childs, Ott, and Triantis 
(1995), Edleson and Reinhardt (1995), Kamrad and Ernst (1995), Childs, 
Riddiough, and Triantis (1996), Ikenberry and Vermaehen (1996)

Alter operating 
scale

Brennan and Schwartz (1985a, 1985b), McDonald and Siegel (1985),
Trigeorgis and Mason (1987), Kulatilaka (1988, 1995), Pindyck (1988), Kogut 
(1991), Kulatilaka and Trigeorgis ( 1994), Mauer and Triantis (1994), Kamrad 
(1995)

Growth options Myers (1977), Rester (1984, 1986, 1993), Pindyck (1988), Trigeorgis (1988), 
Brealey and Myers (1991), Chung and Charoenwong (1991), Kulatilaka (1995), 
Smith and Triantis (1995), Willner (1995), Berk, Green, and Naik (1998)

Staged investment Magee (1964), Baldwin (1982), Hodder and Riggs (1985), Trigeorgis (1991b, 
Rester (1993), Sahlman (1993), Teisberg (1993), Trigeorgis (1993a), Kulatilaka 
and Trigeorgis (1994), Kulatilaka (1995), Ott and Thompson (1996), Smit 
(1997) Bar-Han and Strange (1998)

Lander & Pinches 1998, 540
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Even though the various types of real option reviewed in Table 2, the real option 

analyses haven’t, unfortunately, really found their places in the toolbox of corporate 

executives. Many have acknowledged the real option theory but still current real option 

models are not widely used in capital budgeting. Lander & Piches (1998, 543) argue 

that there are three different primary reasons why real option models are not used in 

corporate decision-making:

• The types of models currently used are not well-known or understood by 

corporate managers and practitioners. Also, corporate managers, practitioners, 

and even many academics do not have the required mathematical skills to use 

the models comfortably and knowledgeably.

• Many of the required modelling assumptions are often and consistently violated 

in the practical real option application.

• The necessary additional assumptions required for the mathematical tractability 

limit the scope of applicability.

I argue that the key reason for not using the real option models is purely the lack of 

awareness by corporate managers. The barriers of real option implementation have 

recently lowered significantly, and now the managers should have the courage to get the 

resources and knowledge needed for adoption of real options. A real option analysis is 

seen as a black box and possibilities of valuating flexibility are not understood. Also, 

and most importantly, it should be recognized that real options could be applied in many 

different ways. Not necessarily applying real options require extensive mathematical 

work and understanding. Just by adopting the real option mindset means recognition of 

flexibility in the decision-making. Triantis (2001) has found in his research that 

companies use real options in three different ways:

• As a strategic way of thinking. As a language that frames the value of flexibility

and a way to communicate decision problem qualitatively. For example, Sharp

(1991, 71) argues that well-informed, experienced managerial judgement is an

excellent, practical substitute for exact option valuation. Further, Sharp suggests

that the simplest valuation process is to consider each option and ask “How

much would we be willing to pay now for this future flexibility or opportunity?”

Sharp (1991, 73) goes even further saying that the manager’s experience and

wisdom are the best tools for judging the value of opportunities and flexibility.

However, this argument is fairly faulty ignoring that the fact that the valuation
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tools should be always combined with management judgements. The tools are a 

way to give the managers better resources for decision-making.

• As an analytical valuation tool. To valúate separate projects, which have well- 

known and well-specified option characteristics.

• As an organization-wide process for evaluating, monitoring, and managing 

capital investments. A management framework that is used throughout the 

organization to identify and exploit strategic options.

Applying real options is not a one-time task. It requires intensive work through out the 

whole organization, as well as strong commitment from the management. Triantis 

(2001) argues that there is a common path to the successful adoption of real options. 

The successful adoption process progresses in steps. First, pilot projects are usually 

conducted to view and test the possibilities of real options. Then, before wider adoption 

it is important to get buy-in from the senior level and top executives. Thirdly, codifying 

real options through expert working groups, specialist training, and customisation in 

order to build knowledge within the organization. Finally, the developed real option 

framework should be institutionalised and integrated the whole firm wide.
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This chapter introduces to the valuation of real options. First, the Black-Scholes model 

is compared to the replicating portfolio approach. It is shown why Black-Scholes 

framework is not ideal for real option purposes. Therefore, more appropriate models are 

introduced. The chapter continues by examining the challenges of volatility estimation. 

In the fifth section, the use of binomial trees with option valuation is reviewed and 

discussed. The section lays the background for using practical binomial lattices in order 

to model realistic business problems. Binomial lattices are a rather intuitive and 

managerial approach to the option valuation. Further, this chapter, will start to construct 

the backbone of the theoretical framework of this thesis.

3.1. Comparing Black-Scholes and Replicating Portfolio techniques

By all means, the Black&Scholes model is a fast and straightforward way to calculate 

the call option value. However, before using the model generally with real options, one 

must understand the assumptions associated with the famous Black-Scholes model. The 

model assumes ideal market conditions, with following important assumptions related 
to real options (Black & Scholes 1973; Copeland & Antikarov 2001, 106):

1. The short-term interest rate is known and it is constant through the time and there is 
only one source on uncertainty. Rainbow options are ruled out.

2. The variance of return on the underlying asset is constant.

3. The underlying asset pays no dividend.

4. The only possibility to exercise the option is at maturity. In other words, the option 
is a European option.

5. The exercise price is known and constant.

6. The option is contingent on a single underlying risky asset. Meaning that compound 

options are ruled out.

7. The current market price and the stochastic process followed by the underlying are 
observable.

In reality, however, most investment decisions are compound options, for instance, 

phased investments. Thus, the Black&Scholes model is not practically appropriate. 

Also, in reality the Black&Scholes model easily appears as a black box, thus not
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suitable for managerial use. The equations themselves don’t really tell much about the 

option valuation, and separate finance experts should be employed to explain the model. 

This suits poorly to the model requirements of this thesis.

Even so, many academic real option articles (see e.g. Luerhman 1998c) use the 

Black&Scholes model to calculate the option price; it is not, however, an ideal solution. 

One of the first critics towards Black&Scholes model with real asset investment 

decisions was presented by Emery et alii (1978). They reviewed all the variables of the 

formulas and stated that the standard option pricing method wouldn’t be the most 

suitable in real asset investments. Most of the real option problems, at least the more 

complex ones will relax many of the Black&Scholes model assumptions. For example, 

there can be only one source on uncertainty, meaning that rainbow options cannot be 

used. Furthermore, if the option is contingent to only one underlying risky asset, 

compound options are also ruled out. As well, the assumption that volatility remains 

constant through the time is unacceptable, since the risk of the underlying asset will 

most certainly change over the time, and changes in volatility will significantly affect 

the real option value. Further, the assumption that the option should have to be a 

European option is unbearable. The Black&Scholes model was a breakthrough, since it 
presented the first complete formula for pricing European options. However, it was 

never intended for use with complicated options, and attempts to use it for real option 

valuation are misguided and inappropriate (Copeland & Tufano 2004, 93). The need of 

this study to be realistic suggests that the assumptions of the standard Black&Scholes 

model are not enough in developing a real-life business model.

Nevertheless, practitioners shouldn’t totally bury the Black&Scholes model. When a 

simple real option is used, and a rough estimate is needed for the real option value, then 

Black-Scholes model will come handy. On some occasions, a very rough estimate is 

enough to provide the necessary data for decision-making, and more a precise number is 

not even needed. The actual wisdom behind the work of Black, Scholes and Merton was 

the partial differential equation, which provided the road map to the risk-neutral 

valuation (see paragraph 3.3.). This way the contribution of Black&Scholes model lies 

in the background of other approaches.
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The traditional way of calculating the present value of project or strategy would be to 

discount the expected cash flows, with appropriate risk-adjusted discount rate. Normally 

you would use the Capital Asset Pricing Model (see Sharpe 1964; later CAPM), and try 

to find a twin security that has the same cash flow correlation and beta rating than the 

strategy or project. Then using the obtained rate, the net present value can be calculated. 

The problematic issue with the twin securities is that in practice it is impossible to find 

such a security that has the perfectly same beta over the full time of the strategy or 

project. For real option purposes the standard twin security approach is not suitable.

The most proper way of estimating the inputs for the CAPM is to create a replicating 

portfolio, which is composed of securities that have just the same payoff pattern as the 

underlying asset that will be valuated. Then the law of one price can be implemented. 

This is called the replicating portfolio approach that discounts expected cash flows at a 

risk-adjusted rate. (Copeland & Antikarov 2001, 89)

Copeland and Antikarov (2001, 94) present the idea of Marketed Asset Disclaimer 

(MAD). In their work, they are letting go of the suggestion of finding the twin security 

in financial markets. Instead, according to the MAD assumption, the present value of 

the strategy or project without flexibility is the best-unbiased estimate of the market 

value as if it were a traded asset. It must also be recognised that with standard financial 

option techniques the value of the underlying asset cannot become negative (e.g. 
Trigeorgis 1993a, 4; Peske et al. 1999, 259).

The replicating portfolio consists of two different units, the twin security and risk-free 

bond. The following equations describe the replicating portfolio approach. The variable 

m is the number of units of the twin security and 5 is the number of units of the risk-free 

zero coupon bond and rf is the risk-free rate. Let Cu be the replicating portfolio payoff in 

up state and in the down state. In addition, Vu is the value of the twin security in the 

up state and Vd the value of the twin security in down state. Co is the value of the call 
option. (Copeland & Antikarov 2001, 93)

Replicating portfolio payoff in up state : mVu+ 5(1 + /•/) = G, (3.1)

Replicating portfolio payoff in down state : - \m V,¡ + 5(1 + rf) = Gz] (3.2)
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C„ -Cj _ incremental option payoff 
Vu - Vj change in the value of the twin security (3.3)

mV0-B0 = C0 (3.4)
mV0-C0 = B0 (3.5)

The idea is to find exactly the right number of units of the underlying asset plus the 

units of a risk-free bond, so that the payoff will be exactly the same as the call option. 

Actually, the idea of Black&Scholes model and replicating portfolio approach is the 

same. Let’s write out the Black&Scholes equations (see e.g. Hull 2003, 246):

S0N(d] ) - Ke~rTN(d2 ) = C0 (3.6)

where

, ln(S0 /К) + (г + <т2/ 2)T (3.7)
<тУг

^ (3.8)
o-Vr

The function N(x) is the cumulative probability distribution function for a standardised 

normal distribution. The variable К is the strike price, r is continuously compounded 

risk-free rate, a is volatility, T is the time to maturity and So is the stock price at time 

zero. (Hull, J. C. 2003, 246)

Copeland and Antikarov (2001, 110) explain the relationship between Black&Scholes 

formula and replicating portfolio approach. In fact, the term N(d¡) is the number of units 

of the underlying asset needed to create a replicating portfolio and Afdi) is the 

probability that the option will finish in the money. It could be seen as the number of 

required bonds in the replicating portfolio. The term Ke'rT is the exercise price at the 

maturity discounted back to the present value at the risk free rate for T units of time. 

This means that the basic idea behind both the models is the same.
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3.2. Risk-neutral approach

Another way to evaluate real options is the risk-neutral probability approach. The most 

significant contribution that the Black&Scholes model made was the Black-Scholes- 

Merton differential equation. Risk neutral valuation arises from on key property of that 

equation. The equation does not involve any variable that is affected by the risk 

preference of investors. The only property concerning risk is the interest risk free rate, 

which is easily observable from the markets. When Black-Scholes-Merton differential 

equation is independent of risk preferences, it means that the risk preference of investors 

cannot affect the solution. In other words, any set of risk preference can be used. In a 

risk-neutral world individuals are indifferent to risk. Also, in such a world investors do 

not require any compensation for risk. This means that in the risk-neural world the 

expected return on all securities is the risk-free interest rate. Even though the 

assumption that all investors are risk-neutral is only an artificial tool for obtaining 

solutions for the Black-Scholes-Merton differential equation, the results are valid also in 

real world. When we go from the risk-neutral world to the risk-averse world two things 
take place. First, the expected growth rate in stock price changes, and second the 

discount rate used for any payoffs from derivatives changes. These two changes always 

offset each other perfectly. (Hull 2003, 203-204; 244-245)

With the risk-neutral valuation a risk free hedge is constructed. A perfect hedge gives 

the same future payoff regardless of the change in the asset price (Birge & Zhang 1999, 
40). The risk-neutral probability approach discounts certainty equivalent cash flows at 

the risk-free rate whereas the replicating portfolio approach discounts expected cash 

flows at a risk-adjusted rate.

The hedge consists of ontypart of the underlying risky asset and a short position of m 

shares of the option that is being priced. The variable m has to be chosen so that the 

portfolio is risk-free. When the value of the underlying risky asset goes down, the value 

of the call goes down as well. However, if the hedge portfolio is constructed in the right 

way, the short position of m shares will offset the value loss. This way a risk neutral 

position is created. (Copeland & Antikarov, 2001, 95-96)

31
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The end-of-period payoffs on the hedge portfolio have to be found by calculating the 

hedge ratio m. By calculating the hedge ratio, the portfolio will return exactly the same 

cash flows in up state, as well as, in down state. Therefore the portfolio is actually 

riskless.

и = up movement
d = down movement
rf = risk - free rate

V0 = Starting value
Cu = Call value in up state
Cd = Call value in down state
C0 = Call option value

uV0 — mCu = dV0 - mCj (3.9)

m = (u-d)V0
c„-cd (3.10)

Now that the hedge portfolio is riskless, the value of hedge ratio m can be substituted to 

calculate the present value of the hedge portfolio.

V0 - mC0 (3.11)

Then it is possible to construct the value of the call option. The present value of the 

hedge portfolio is multiplied by one plus risk free rate. The result is set to equal return 

in up state. The resulting payoff will be the same either in the up state or in the down 

state.

(F0 -mC0)( 1 + rf) = uV0-mCu 

К О + >>) “ wC0(l + rf) = uV0-mCu 
Vo0 + rf)-uV0+mCe =mC0(l + rf)

c WO + rf)-u) + mC, V0«\ + rf)-u) | C,
m(l + rf) m(\ + rf) (1 + rf)
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/

Also, it is possible to get the call option value by substituting the m variable in the 

equation:

C„ = m(\ + rf)
(3.13)

Po((l+ '/)-«) +
c„ =

<M-W
c.-c.

{u-d)V0it
Cu-cd (l + rA)

F0((l + rr)-M)*-----^ (u-d)V0Cu Cu-Cd
(u-d)F0(l + rf) Cu-Cd (u-d)V,{\ + rf)

((1 + rf)-u)(Cu-Cd) (u - d)C
--------------------------------------------------- - + ■

(u-d)(l + rf) (u-d)(l + rf)

((1+ r/ ) - d)Cu +(u-(\ + rf ))Cd 
(u-d)(\ + rf)

(1 + rf)-d 
u-d

+ C„ »-(! + /•/) 
u-d (3.14)

(l + />)

Fundamentally it is equivalent using the replication portfolio approach or the risk-neural 

approach. The result should be identical regardless of the method used.

3.3. Estimating volatility

Estimating the volatility of the underlying risky asset is probably the hardest and most 

speculated part of the practical real option valuation. Nonetheless, it is also one of the 

most important parts of the valuation work. With financial options the volatility 

estimation can be done rather easily by observing the underlying asset (e.g. Hull 2003, 

239). However, such observation with real options is more complex since there are no 

markets for the underlying risky asset. Therefore, volatility estimations cannot be based 

on pure observations. Also, it is important that attention is paid to the volatility 

estimation, since it is a very well established fact that the option value is very sensitive
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to the uncertainty of the underlying asset (Lint & Pennings 1998, 281). Thus a 
reasonable estimate of volatility is needed. According to Luehrman (1998b) there are 

three basic approaches for estimating volatility:

• Take an educated guess. In other words the management estimate would be used 

as an volatility estimation.

• Estimate the volatility from historical data.

• Simulate the volatility figure.

Further, Perlitz et al. (1999, 260) discuss several ways of volatility estimation. They 

state, as commonly accepted, that historical data can be used to estimate the volatility, 

for instance, past data from the volatility of completed R&D projects can be applied to 

forecast the volatility of new R&D project. Secondly, he argues that time series of small 
R&D intensive companies may be useful to analyse and categorise different levels of 

risk to different R&D project categories. This would intuitively seem like a good 

practical solution of the problem and useful for practitioners. Thirdly, Perlitz et al. 

presents that the volatility could be derived from the duplicated portfolio created though 

spanning. Finally, risk premium could be used as a volatility estimation, which can be 

derived, for example, by using the CAPM (Clifford & Roma 1994).

I would suggest, however, that subjective volatility analysis is well suitable for 

practitioners. Still, managers are not accustomed to estimating the business volatility, 

because the traditional valuation methods don’t require estimations of project risk. 

However, Copeland and Antikarov (2004, 260) argue that most manager and business 

specialists have subjective, nonformal, nonstatistical estimations of volatility in their 

heads. Moreover, often the project is so new that the only thing that can be said about 

the future is that it will not be like the past (Copeland & Antikarov 2001). Experienced 

managers can make reasonable estimations attributable to the strong knowledge and 

intuition of the business area in question. If managers are equipped with easy-to-use 

estimation tools, it should result in accurate enough information. The tools can’t be too 

heavy, rather they should be compact and fast to use, so that the whole real option 

valuation process would be more useful for practitioners.

If it seems fair to assume that the future will correlate strongly with the past, volatility 

estimation can be constructed by gathering historical data from investment returns.
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However, as stated earlier, real options are most valuable when the future outlooks are 

uncertain and market conditions change rapidly. This would suggest that historical data 

is not very convenient. On the other hand, I argue that real options are mostly employed 

in bigger companies that are also highly R&D concentrated. Such companies generally 

have plenty of market or R&D data needed from different projects to make confident 

assumptions about uncertainties in the real option analysis. Thus, estimates from 

historical data can be made quite comfortably.

Simulation is a very commonly suggested way of getting the project volatility. The 

rapid development of microcomputer and information technology has made it possible 

to use different spreadsheet models and simulation software. The proper method would 

be to use the Monte Carlo technique. The Monte Carlo simulation of a stochastic 

process is a procedure for sampling random outcomes for the process (Hull 2003, 224). 
It is also assumed that the uncertainty follows geometric Brownian motion2. Commonly 

the Monte Carlo Simulation is used to combine different uncertainties (e.g. price and 

quantity) to a one come up. Figure 5 illustrates the consolidated approach using the 

Monte Carlo simulation.

Figure 5 Using the Monte Carlo simulation to consolidate uncertainties.

Input

Uncertainty 1

Uncertainty 1

Uncertainty 1

Year 1 Year 2 ... Year

Present 
value model

Probability of Output 
Present Value

Present Value
Copeland & Antikarov 2001,245.

Paul Samuelson (1965) proofed that the rate of the return on the underlying risky asset 

will follow random walk regardless of the pattern of future cash flows as long as the

2 Brownian Motion is a stochastic process often assumed for asset prices where the logarithm of the 
underlying variable follows a generalized Wiener process. Wiener process is a stochastic process where 
the change in a variable during each short period of time of length St has a normal distribution with a 
mean equal to zero and a variance equal to&.
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investors have perfect information about the cash flows. This is the basic theory that 

allows the use of the Monte Carlo simulation in effort to compound the uncertainties, 

since random variables can be drawn for their underlying distributions.

On the other hand, some times separates approach is desirable. For many projects the 

uncertainties are resolved over the time, when new information reveals, and the 

different volatility sources cannot be compounded. For instance, legislation changes 

could cause significant changes in the value of the investment. Situations like this call 

for the estimation of the uncertainties separately. Typically separate uncertainties have 

to be considered with the most complex real options. (Copeland & Antikarov 2001, 

221)

When selecting the estimation model for volatility, the business environment 

specifications and requirements should be considered. It makes no sense to use very 

complex simulation models, if the practical estimation can be derived more easily and 

more cost-effectively in some other way. For instance, Amram and Kulatilaka (1999, 

100-101), argue that the most common way the get the volatility estimate is to make 
simple statistical calculation from the historical data. They continue suggesting that the 

payoffs to most real options are virtually unaffected by unexpected changes in volatility. 
Further, complex estimation models could even lead to bigger errors in the real option 

valuation, since intuitiveness disappears and the valuation process gets too heavy and 

hard to understand. The aim should be in keeping the valuation process simple and 

avoid making models that are not understood by the users. Further, simulation tools like 

the Monte Carlo simulation requires always expertise and finance expert or 

mathematician, making the technique quite inappropriate for practitioners.

3.4. Using the binomial trees

The work done by John Cox, Steve Ross, and Mark Rubinstein (1979) has led to the 

creation of binomial lattices. Binomial models are constructed around decision trees and 

are well suited for real option valuation. As binomial trees are heavily linked to decision 

trees, binomial lattices will suffer from the same problems (see section 2.3). For 

example, the size of the tree is a problem with decision trees as well as with binomial 

models. However, the binomial lattices are still optimal approach for the real option
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valuation. Copeland & Tufano (2004, 93) argues in favour of binomial trees because 

binomial models can be easily customized to reflect changing volatility, early decisions 

points, and multiple decisions. Binomial models are relative transparent and you can 

comfortably adjust the binomial model until it suits closely to the project under 

valuation. Also, the models can be built using standard spreadsheet software, meaning 

that managers can with no trouble understand and bring insight to the model. Even 

though, the binomial lattices involve more work and have some of the same problems as 

decision trees, the binomial trees are the most favourable models for real option 
analysis.

First thing to do when applying binomial model with real options is to construct the 

event tree. The event tree shows the possible future values of the project. The first step 

is to valúate the project using traditional tools such as discounted cash-flow techniques. 

At this point the valuation assumes no flexibility. The second step is to understand how 

the present value develops over the time, in other words it must be estimated how the 

value is likely to move up or down during the investment period. Figure 6 shows the 

event tree lattice. Vo is the value of the underlying asset, и is the up movement factor 
and d is the down movement factor.

Figure 6 Event tree.

uuV0

Step 1. Step n.

As described in Figure 6, the value of the underlying asset can be easily calculated by 

using the up movement and the down movement factors as coefficients. The next step is 

to convert the event tree into a decision tree and calculate the values for each node. To
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do that, we must work back from the end of the tree and calculate the values for each 

node and finally price the whole option. Figure 7 demonstrates the procedure to work 

from the end until the first node. Let/ be the option value.

At each node, the option value must be compared to the exercise price. If the exercise 

price is greater than the option value, the option should be taken meaning that the option 

should be exercised. Now the question is what is the appropriate technique to solve the 

node values and finally the option value. The valuation can be done by using either 

replicating portfolio approach and discounting with risk-adjusted rate or by using risk- 

neutral valuation and discounting with risk-free rate. The more intuitive choice is the 

risk-neutral valuation since the risk preference of investors can be discarded. John Cox, 

Steve Ross, and Mark Rubinstein (1979) presented the formulas for valuating the 

binomial tree, assuming risk-neural valuation. The conditions used by Cox, Ross and 

Rubinstein are:

d = ea V5

P =
a-d
u-d where, a — e röt

(3.15)

(3.16)

(3.17)

The up movement factor in the tree is determined by the variable u, and variable d 

determines the down movement factor. The equation 3.17 shows the risk-neutral 

probability for up movement, whereas 1-p is the probability for down movement.

Rantanen, Antti. A Real option approach to project valuation in an opportunity-
focused organization. Helsinki School of Economics.



39

Finally, the equation 3.19 shows that the value of the option is its expected payoff in a 

risk-neutral world discounted at the risk free rate. This is the principle of the risk-neutral 

valuation. The principle says that we can assume the world is risk-neutral when pricing 

an option. The obtained price is valid also in the real world. (Hull 2003, 204)

f-e-rT\pfu+(l-p)fä] (3.19)

The Cox, Ross, Rubinstein tree is called Centering tree, since Vo = udVo. An alternative 

approach is the Jarrow and Rudd (1983) tree. According to the Jarrow & Rudd 

equations the probability is always set to 0,5. The tree is determined by the following 

equations:

((r-<j2/2)ôt+(Ty[ôt) (3.20)e

((r-cr2 / 2 )St-oJôt )
(3.21)€

a-d 1
(3.22)и - a 2
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4. Assessing human competence and organizational 
capabilities

The discussion and academic work on real options have heavily concentrated on capital 

budgeting and on the quantitative side of the problem framing. However, the other sides 

of the strategic management shouldn’t be ignored. When applying and using real 

options as an organizational management tool and not just as a one-time ad hoc tool, the 

requirement will go beyond quantitative analysis. The managers and decision makers 

should be equipped with the right kind of controlling and management procedures and 

most importantly the organization itself should recognise the organizational issues 

related to real options. These issues are essential when managing future opportunities. 

Especially the organizational culture and the psychology of decision-making can 

produce problems when deciding the future course of action. Real options are aiming at 

making optimal decision in optimal time. However, the decision-makers are not 

operating in a void, rather they are affected by the organizational environment and other 

psychological factors. Heavy conflicts can occur between the decisions recommended 

by the real option tools and normal human behaviour. This puts a lot of pressure and 

requirements on the organizational culture.

Numerous researches on strategy and real options treat the firm as a uniform actor. 

However, this is rarely the case. Usually real options are applied in corporations that 

probably have multiple hierarchy levels. Adner & Levinthal (2004, 77) say that 

managers charged with pursuing an opportunity and executives charged with evaluating 

a portfolio of opportunities will differ in their beliefs as to when an option ceases to be 

attractive. Biases like this, regarding sunk costs and escalating commitment are sure to 

cause contradictions. It is the intention of this paragraph to assess these issues and 

develop a context for real option management.

4.1. Rational approach to decision-making

According to Thompson (1996, 61) whatever the nature of the decision and the level in 

the organization where it is taken, it will only be regarded as effective if it is supported 

by the people who must implement it, if it is implemented and if it achieves the
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objectives it is related to. This means that the strategic decision is effective only, if it is 

understood and supported by the whole organization.

Decision-making is often talked in terms of problem solving. Usually a problem arises 

when an organization faces an undesirable situation, and the member of the organization 

wakes up to solve that problem. However, many times the problems are very complex 

and they can’t be fully understood and managed. In situations like this decision-making 

is not about finding the optimal solution, rather it is about improving the problem 
management. (Thompson 1996, 61).

Russell Ackoff (1978) distinguishes between solving, resolving, dissolving and 

absolving problems. According to Ackoff solution is an optimal answer, and decision

making is an attempt to find it. A resolution is a somewhat satisfactory answer, but not 

exactly the optimal one. For example time limitation could lead to a resolution. 

Dissolution occurs when objectives are altered so that the problem doesn’t look like a 

problem any more. Also, if problems are absolved, they are completely ignored, hoping 
that they would disappear by themselves.
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Figure 8 The rational decision-making process.
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Adopted from Thompson 1996, 63.

Figure 8 describes the rational approach to decision-making as part of the overall 

process of problem solving. The task begins by decision-making and by recognising the 

existence of the problem. Also, the nature of the problem should be analysed and 

clarified fully. Then objectives, constraints of the problem and criteria for achieving the 

objectives must be defined. Traditionally problem solving involves the generation of 

alternative courses of action, after which every alternative is evaluated. The decision 

taking means selecting the best solution. Further, the taken decision is implemented and 

controlled. The schedule ought to be determined and the decision should be 

communicated clearly to the organization. Measuring the implementation is crucial in 

order to manage the decision actively and decisively.

The model presented above is somewhat theoretical and assumes that the decision 

maker has all the needed information and other resources. Moreover, management 

groups and not the individual decision makers commonly take the decisions. This makes
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the procedure fairly more complex as personal biases change greatly among the group 

members. As well restrictions like insufficient time might change the decision 

outcomes. Still however, the model is useful in illustrating the decision-making process 

that is aiming at optimality.

4.2. Organizational issues in Real Option management

Even though there is a theoretical frame of optimal decision-making, optimal solutions 

are rarely achieved. Decisional errors are part of every day decision-making, but when it 

comes to making strategic decisions, too many mistakes shouldn’t be done. The 

psychological literature describes two ways of explaining decisional error. First, 

individuals are imperfect in their ability and desire to search for alternatives and input 

information, recall information from memory, and to compare alternatives on multiple 

criteria. This causes the problem of individual limitations in information processing 

(e.g. Ross, 1977). Another problem is the limitations in rationality to interpersonal 
elements like social power and group dynamics (e.g. Pfeffer 1977). Further, Thompson 

(1996, 67) presents nine reasons for a bad decision:

• Tunnel vision; restricting the scope of analysis

• Personal, even selfish, objectives or ambitions

• No real framework; and consequent grasp of the first or easy alternative

• Lack of information

• Deliberately ignoring information

• Failure to consider or generate alternatives; lack of creativity; insufficient time

• Inability or reluctance to appreciate the consequences of certain actions

• Failure of group to reach or agree on a decision; or reaching a decision which no 

individual really supports, but which nobody fundamentally objects to

• Indecisiveness

The decisions that the decision maker takes are not isolated choices; rather many 

decisions together formulate a course of action. Therefore, the consequences of any 

decision can have implications about the value of previous choices as well as determine 

future events and outcomes. This means that sunk costs may not be sunk 

psychologically and could enter into future decisions. (Staw 1981, 578)
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Real options can be a tricky subject within an organization. Especially project 

abandonment is complicated by the resource allocation and different standpoints, 

interests and motivations that stakeholders at different organizational levels have. Adner 

and Levinthal (2004, 80) argue that executives at higher organizational levels have a 

broader point of view on project abandonment than the managers focused on that 

particular project. Executive directors have a number of projects in their hands and an 

individual initiative may have an optionlike quality in that the abandonment of the 

particular project may not entail significant consequences. However, the managers 

working with the project in question may see greater potential to continue with the 

project, both because they are not aware of the larger portfolio of investments and 

projects available for the company and because career consequences associated with the 

abandonment. This builds dedication to achieve success with the particular project. In a 

sense, this is a good thing, since it drives business performance but on the other hand it 
deteriorates the managers ability to abandon project with negative outcomes (Garud & 

Van de Ven 1992).

Given these organizational issues, there is a considerable psychological reluctance to the 

project abandonment. Together with a firm’s natural eagerness to succeed, there are 
several reasons why abandoning a project, that is, giving up an opportunity is such a 

challenge. Adner and Levinthal (2004, 80) state the four following reasons. First, firms 

have difficulty in incorporating the logic of sunk costs (Russo & Shoemaker 1989). 

Secondly, tendency toward escalating commitment, that is, when the course of action is 

chosen it is also preferred (Staw 1981; Zardkoohi 2004). Third factor is overconfidence 

(Garnerer & Lovallo 1999). Finally, there is usually a strong political impetus not to 

show failure (McGrath 1999; Sitkin 1992).

The problem arises especially with managers that can be classified as product 

champions3 (Maidique 1980) and skunk works4 (Kanter 1988). A company should 

encourage its employees and workers to act as autonomously as possible, as well as to

3 Product champion is a term used to refer to those individuals with a commitment to, or belief in, a new 
product, which is strong enough to overcome organizational resistance to the'product idea.
4 The expression ‘skunk works ' was coined during the Second World War by the aircraft manufacturer 
Lockheed Martins to describe a situation where a small group of technicians were allowed to work 
outside the established bureaucracy and with minimal management control. It has been shown that 
creativity and innovation is aided by low formalisation and large degrees of freedom, especially during 
the initial stages.
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support as much unofficial skunk work as it only can (Nonaka & Takeuchi 1995). In 

addition, Stenmark (2000) states that to be a truly an effective organization that 

promotes such entrepreneurship, skunk work should not be restricted to any particular 

group, instead it should reach everyone in the organization since it cannot be determined 

beforehand who will be creative. However, in the case of project abandonment, the 

created systems and support mechanisms built to enhance impetus for starting 

innovations perform directly against their objective reassessment and termination 

(Adner & Levinthal 2004, 80). Escalating commitment and other factors described 

above will cause resistance with the project abandonment. This leads to conflicts and 

problems within the organization.

The biggest concern is that management might systematically pursue failing strategies. 

Zardkoohi (2004, 112-116) suggests four propositions that would identify systemic 

drive of failing investments. The proposition 1 stated by Zardkoohi is that the higher the 

proportion of costs of a failing project that can be passed on to others outside the 

decision maker ’s organization, the higher the probability that escalation of commitment 

will occur, all else being constant. This is also basically knows as “Tragedy of 

commons”, referring to a situation where the benefits of action are linked to the decision 
maker, whereas the costs are spread. Proposition 2 goes as follows, The greater the 

effects of economic (or project) and structural consideration, the lower the effects of 

psychological and social factors on the decision to escalate commitment to failing 

strategies. Decision makers have to consider resource constraints and decision is usually 

reviewed and controlled though different organization levels. The economic 

consideration and organization structural procedures are limiting escalation to 

commitment compared to a situation where there are no constraints or considerations. 

Proposition 3 is that the greater the degree of firm-specific human capital of the 

manager/decision maker, the greater the degree of escalation of commitment when the 

organization experiences strategic failures. The manager or employees that have firm- 

specific knowledge have their normal fear of their occupational future when failing 

investment occurs. Naturally their commitment is expected to escalate towards their 

current organization, since they create more value in the present organization than in 

others. The fourth and the final proposition is that organizations that adopt an emerging 

and competitive process of strategic formulation and implementation escalate 

commitment toward successful strategies and against failed strategies. Middle
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management that is competing with each other for the scarce resources and approval of 

their projects constraints systematic pursue of failing strategies. The emerging process 

of strategic formulation mitigates strategic failure since the early operational results 

critically determine whether strategic initiatives gain support or not. The systematic 

pursuits for failing strategies, however, are not a major concern in profit maximising 

organizations. According to Zardkoohi (2004, 118) most organizations set up rules and 

procedures, like board of directors and internal and external controlling mechanisms. 

Also, the competition of scarce resources is strongly constraining the systematic pursues 

for failing strategies.

4.3. Managing opportunity-focused organization

Entrepreneurial organizations that are aiming at growth by aggressively exploring new 

product concepts and other growth possibilities ought to understand the challenges that 

might occur with the project abandonment and implementation of framework for future 

opportunity valuation. Moreover, management mechanisms should be developed to 

control this process. Real option management requires organizational renewal and 

changes in the organizational culture. Therefore, I argue that the organizational 

management of real options calls for similar methods to the factors described in the 

literature to overcome organizational resistance to change. Kotter and Schlesinger 

(1979) discusses six ways to address organizational change:

• Education and communication

• Participation and involvement

• Facilitation and support

• Negotiation and agreement

• Manipulation and co-optation

• Explicit and implicit coercion

Through education and communication managers should share their knowledge, 

perceptions and objectives with those affected by change. This should help people to 

understand the need for change and to see the bigger picture. Education and 

communication require that managers can trust their employees and vice versa. Further, 

employees should be participating in planning and implementation of the plans. 

Involvement by employees increases commitment to the change and reduces fears
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among people. Facilitation and support means training and counselling actions in order 

to help to overcome anxieties. Negotiation and agreement are normally linked to 

incentives and rewards. Sometimes it is useful to reach for mutually agreeable 

compromises by meeting the needs of potential resistors. Manipulation and co-optation 

can be used, for instance, by selective use of information in order to sidestep potential 

resistance. Co-optation involves giving key resistors rewards or status so that resistance 

can be broken. However, manipulation and co-option are not ethnically very rock-solid 

solutions. Explicit and implicit coercion can be used when there is a profound 

disagreement, and consensus can’t be achieved. Here, using threats or even force, the 

resistance can be broken. Still, explicit and implicit coercion approach rarely can lead to 

a long-term commitment and is also ethnically questionable.

The work contributed by product champions and skunk works can be crucially 

important to opportunity-focused organizations that are operating in highly uncertain 

environments. Further, real option valuation would be the tool with risky projects and 

businesses. However, this arises difficulties for conceptualising and managing real 

options. For instance, Adner and Levinthal (2004, 81) say that the more freedom is 

given to an option manager, the more likely the option starts to live its own life, 

independent of the requirements specified by the company’s portfolio of options. Also, 

they state that if the option managers have independent control over their option, the 

evaluation criteria will by totally different across different levels of the organization. 

Thus, too much freedom at the project level is not good portfolio management from the 

perspective of the whole firm. Traditionally real options literature describes that the 

project abandonment can have a clear-cut abandonment point. However, usually 

organizations are not guided for such a conditions where rapid abandonment decisions 

can be made, rather the conditions are expecting abandonment to be unlikely or unlikely 

to be timely. This leads to the fact that projects cannot usually be abandoned timely and 

optimally. Thus the option lifetime is extended or at least the organizational structure is 
kept alive.
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4.3.1. Managing the project communication and freedom

Real options are the valuation tool for entrepreneurial organizations, which are 

operating under high uncertainty. These organizations are usually highly opportunity- 

focused and are looking for ambitious growth. However, as defined earlier, opportunity- 

focused organizations are willing to adopt the real option mindset and this is causing 

contradictions between fostering the freedom of entrepreneurial organizations and the 

real option mindset. Especially this causes reluctance to project abandonment. To 

prevent the contradiction, relatively strict controlling measures should be employed. 

Adner and Levinthal (2004, 8l) suggest that the project can artificially be constrained 

using milestones, strict deadlines and regimented market focus to overcome the 

challenge of the impossibility of proving that all possible avenues of opportunity are 

unpromising and, in turn, that the abandonment of the initiative is appropriate. When 

managing real options also other controlling measures should be considered. The project 

level freedom should have clear boundaries set by the upper level management (e.g. 
Business Unit level or Company level).

Figure 9 Controlling the freedom and communication of real option management.

Portfolio of Options

Company or Business Unit Level

Controlling,
Requirements

Boundaries

Communication,
Participation,
Education,
Support

Projects

Communicate

The managers and executives controlling the wider business portfolio have a greater 

possibility to assess and evaluate the possibilities of the firm. Figure 9 presents a 

controlling scheme for controlling the life of the option. Managers in the project level 

could easily be constrained to their own products or product lines. Thus, communication
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and education is essential across businesses. Project managers and people working on 

the projects should be well aware of what their colleagues are doing elsewhere in the 

organization. Employees can be educated to see the larger picture and to understand the 

whole business portfolio of the firm. Further, people should be given the opportunity to 

participate in planning processes. This way the resistance to change can be overcome 

and the climate of acceptable project abandonment built. The company should be truly 

prepared to cancel the investment if the numbers don’t look appealing after to first 

investment. It should be recognised that the project abandonment is made in order to 

enhance business performance. A real option analysis assumes too heavily that 
organizations are capable of ending a project when the investment doesn’t pay off (e.g. 

Fink 2001). Therefore, the real option management concept should include strong 

discipline to make decisions. The business climate should include clear acceptance and 

tolerance for failure and project abandonment in order to batter down the political 

impetus not to show failure. Further, there should be a standard processes across the 

whole organization to evaluate projects, and those processes should be controlled by a 

business controller rather that the product manager himself/herself.

4.3.2. Fostering organizational culture

Strategic management of real option as an organizational process in an opportunity- 
focused organization is based on the culture of the organization. Visionary leaders 

communicate their view of the future and their key values for the whole organization, 

thereby influencing the organizational culture (Thompson, 1996, 77). The basic 

corporate values are the key for fostering opportunity-focused culture. In real option 

management, these values should include strong impetus for intraentrepreneurship. 

Education and communication about the intraentrepreneurship should go through the 

whole organization. This way the concept of entrepreneurial organization could be 

encouraged. Further, the fostering and communication process of intraentrepreneurship 

should address the following sub factors:

• Sincere tolerance and acceptance to show failure and ability to take risks. 

Organization must remain innovative, thus the organizational members can’t be 

afraid of failure. True entrepreneurship involves failures and this should mostly 

be seen as a learning process. It has to be possible to terminate projects 

optimally, which require discipline. In a sense even the failure of a project is a
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real option. The terminated project could provide knowledge, distribution 

channels and other resources that have an optionlike nature. Moreover, 

discipline is achieved through extensive communication and education.

• Organization should be transparent and open. A company shouldn’t become an 

inner circle, rather communication with customers and suppliers and other 

stakeholders should be easy, compatible and on an equal level.

• Encourage employees and their workers to act as autonomously as possible, as 

well to support as much unofficial skunk work as only possible. The freedom of 

the projects must be controlled efficiently.

• Strong link between intraentrepreneurship and corporate values. The basic 

values of the organization should address and support intraentrepreneurship.

Culture is reflecting the way that the organizational members in organization performs 

tasks, set objectives and administer resources. By affecting the organizational culture 

the management can overcome the challenges of managing an opportunity-focused 

organization. Also, by fostering organizational culture, the traditional problems like 

project abandonment can be avoided.
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5. Framework for valuing flexibility

The real option valuation framework for flexibility will be derived in this chapter. The 

framework in this thesis recognises that real options are strongly influenced by human 

behaviour and organizational factors. Also, to contribute to this challenge, the 

theoretical framework of this thesis is divided into two parts. The first part illustrates the 

real option mindset implementation as part of opportunity-focused organization. 
Secondly the valuation concept itself is presented.

5.1. A theoretical framework for Real Option valuation and 
implementation

Kasanen (1993) discusses that constructive study is problem solving through the 

construction of models, diagrams, plans, organizations, etc. This paragraph develops 

the theoretical framework of the thesis. The framework has a managerial construction 

since the aim is to develop a model for managerial purposes, and to be used in real 
business environment.

The implementation of real option valuation starts from assessing of the organization 

where real option valuation should be implemented and managing it towards the 

concept of opportunity-focused organization. The real option mindset implementation to 

an opportunity-focused organization is described in Figure 10. This is the first part of 
the theoretical framework.

Figure 10 Promoting the real option mindset in a opportunity-focused organization
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An opportunity-focused organization requires a clear management concept. When 

applying real options, it is not enough to have the quantitative tools. The organization 

itself must be prepared for managing real options. Especially project abandonment 

decisions are crucial. There is no point in using sophisticated valuation techniques if the 

organization is not capable of implementing the consequences and solutions. Real 

option tools suggest clear-cut project termination points and even though it is a rather 

theoretical solution it should also be done in reality. These requirements put a lot of 

pressure on the whole organization since the normal human behaviour causes 

contradictions. The way to manage this kind of environment is strong enhancement of 

intrapreneurship within the organization and push for continuous organizational 

renewal.

In the management concept of opportunity-focused organization, the basic human 

behaviour can be affected by fostering entrepreneurial values and culture (Figure 10, 

Organization). True entrepreneurship involves tolerance for failure, which should also 

be reflected by the corporate culture and values. Companies that cannot abide failure, 

create staffs that are afraid to take risks (Higdon 2000). Risk taking, innovation, success 

and even failure are part of the entrepreneurial cycle. Real options are the way to 

manage this cycle and the risks and uncertainties involved in the process. Moreover, 

failures could be real options themselves since they provide knowledge, distribution 

channels, partners, contacts and other resources that could be valuable in the long run.

Support for autonomy and skunk work is essential for opportunity-focused organization. 

Autonomy should be allowed at all organization levels, since it is impossible tell who 

the people are creating innovation and producing new ideas (Kanter 1988). However, 

real options are about active management (Figure 10, Project management). Tolerance 

for failure and support for skunk work should be controlled with strict and disciplined 

measures. Projects with bad future prospects must be terminated optimally and in time. 

As well, too much decision power to the option manager shouldn’t be given. The best 

solution would be to have a separate business controller to control projects. This way 

the option won’t start to live a life of its own. If the project planning and real option 

valuation is completely done by the project manager or people working in the project, 

there is a danger that options will start to look overly positive. Since valuation models 

are always strongly affected by subjective human assessment, easily and purposely the
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valuation inputs could be adjusted to look dreamlike. The planning process calls for 

integration and cooperation between business controllers and people working on the 
project.

Innovation should be backed up by an open and transparent organization. Tapscott and 

Ticoll (2003) use the term open organization to describe an organization that is actively 

transparent, but also carefully manages critical competitive information. Further, the 

organization communication processes should be equal and compatible to all the 

stakeholders and information should be available to all the members of the organization 

as well as to all the key external stakeholders. Equal communication systems prevent 

the company from being an inner circle. Open and transparent organization and as well 

as equal communication systems cultivate true intrapreneurship and innovation in the 
organization.

Very important factors in the real option management are communication, education, 

participation and support. The values that drive the organization must be efficiently 

communicated. The communication and education process is crucial part of strategic 
management. Hampden-Tumer (1990) argues that culture is based upon communication 

and learning. Executives’ job is to communicate the entrepreneurial corporate culture, 

and the values behind it. Moreover, the freedom and communication control process 

requires wide communication and education about the whole business portfolio of the 

firm. The organization members working on a specified project should be well aware of 

what is happening elsewhere in the company. This way awareness can be created about 

the business opportunities for the whole corporation. Equally important is also 

participation in planning procedures. The organization member should be strongly 

connected to the project planning, and further, they should be educated about the other 

planning-stage projects in the company. Thus the organization will learn and adopt the 

entrepreneurial culture, which allows failures. Furthermore, the conflict between real 

option management and organizational behaviour can be removed. Communication, 

Education, Participation and Support finally creates organizational leaning that 
enhances the ability to create competitive advantage.

The actual valuation framework gets a lot more efficient if the organization is prepared 

for real options. When the aim is to use real option as an organizational process, it is
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necessary to employ the real option mindset, still if the aim is to just to use real options 

as an analytical tool, are the organizational requirements somewhat lighter.

Figure 11 The Valuation Framework for Real Options
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Figure 11 describes the theoretical framework for real option valuation. The framework 

has five steps. The first step in the model construction is to define the valuation inputs. 

This is the most speculatively part of the model. Hypothetically, the risk free rate is the 

return on a security portfolio of securities that has no default risk and is completely 

uncorrelated with return on anything else in the economy (Copeland et al. 2000, 215). 

Theoretically, the risk-free rate could be obtained by creating a minimum variance zero 

beta5 portfolio constructed of long and short position in equities. However, for 

practitioners this is not a good solution, therefore the risk-free rate is observed directly 

from the markets. Copeland et al. (2000, 216) argues that 10-year Treasury bond would 

be the best estimate for the risk-free rate, when valuing a company. However, with real 

options, if only possible, we should use a risk-free bond that has the same maturity than 

the option in question.

Cost of capital can be calculated either using weighted average cost of capital (WACC) 

or CAPM, depending of the financial structure of the project. The general formula for 
after-tax WACC is very straightforward:

WACC = re + r„ debt ' (1 - 3")

where,

re = return on equity
rd = return on debt
Ve = market value of equity
Vdebl = market value of interest bearing debt
vc=vc+vdebl

(5.1.)

To solve the equation for WACC we would anyway have to use the CAPM to get the 

required return for equity. However, it is usually reasonable to assume that a project is 

fully equity financed and the required return on investment equals to the cost of equity 

capital. CAPM assumes that opportunity cost of capital is the return on risk-free

5 Beta is used to describe systematic risk (i.e. market risk). The underlying asset is compared to an 
average asset. Beta is said to be aggressive if the figure is > 1, meaning that the underlying asset is 
changing more heavily than the market. Defensive beta assets have <1 beta figure. Risk-free asset has 
zero-beta and asset moving uniformly with market has beta of 1.
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securities plus company’s systematic risk multiplied by the market price of risk (market 

risk premium) (Copeland et al. 2000,214). The equation for CAPM is

rt=rf+ [.E(rm )-rf J* beta (5.2.)

The market risk-premium is the difference between the expected rate of return on the 

market portfolio and the risk-free rate. This rises up a considerable challenge. The best 

estimate for a global market risk premium would be a global index measured over a 

long time period (Copeland et al. 2000, 372). However, such indexes with long enough 

historical data are nowhere to be found. Copeland et al. (2000, 372) say that the U.S. 

market can be used instead to estimate the market risk premium. The U.S. market has a 

long history and the market is very well diversified, which makes it the best market for 

market risk premium estimation. Further, Copeland et al. (2000, 216) suggests using a 
market risk premium of 414 percent to 5 percent for U.S. companies. Still, this seems a 

rather low estimate. Instead, Brealey & Myers (2003, 160) suggest using market risk 

premiums from 6 percent to 8.5 percent, stressing the upper end of range. The market 

risk premium proposition by Copeland et al. is based on adjusting the premium to 

reflect the survivorship bias. Brown, Goetzmann and Ross (1995) were first to discuss 

the survivorship bias as an issue, saying that survival imparts a bias to ex post returns, 
meaning that if the market risk premium were zero, there would be a substantial upward 

bias in the markets that survived over a century without experiencing market breaks or 

going under. Over the period 1921-1996 the real returns have been highest in the U.S. 

and the markets didn’t experience any interruptions. There is no country with higher 

return over the total period. Therefore it is suggested that the high U.S. equity premiums 

are more like an exception (Jorion & Goetzmann 1999, 960). According to Jorion and 

Goetzmann’s research Copeland et al. (2000, 221) indicates that the market risk 

premium should be adjusted downwards by 114 percent to 2 percent.

Another major challenge is the estimation of the beta-figure. The problem is that 

separate investments should be evaluated using project betas and not firm betas. Betas 

for growth companies could be observed from the markets and adjusted by the growth 

opportunities. Unfortunately, these betas don’t reflect the systematic risk level of 

separate investments. The solution for finding project betas is to find listed companies 

from the markets that are R&D biased and are comparable to the project. Then the
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consensus of obtained betas from those companies can be used as a project beta 
estimate.

Other inputs needed for the framework are the lifetime of the investment, meaning the 

life cycle product and follow up investments. As well, the cash flows have to be 

estimated for the base-case valuation. Further, the volatility input is needed to perform 
the option analysis.

The second step is to calculate the Base-Case discounted cash flow value of the 

investment. Usually, the NPV approach is employed to determine the base value. If the 

NPV value is positive the company should take the investment, and if negative the 

investment should be rejected. This is when the real option analysis comes in to the 

picture. The third step is to find and determine the flexibility of the investment. 

Typically, research and development investments are compound options, in other words 

they are growth options. Finding the options and the flexibility in the investment is 

crucial part of the real option valuation process, if the basic definitions are wrong the 
outcome is useless, without the user knowing it him/herself.

The fourth step is to perform the real option analysis. Basically the option valuation can 

be done with different valuation models. However, as discussed in chapter 3, the risk- 

neutral approach with binomial trees is well suitable option valuation model for real 

option analysis. Therefore, the framework suggests using binomial trees and discounting 

with risk-free rate. First, an event tree/trees is/are built to model the development of the 

investment value over the time. Then, an option, that is, a binomial tree/trees is/are 

constructed to valúate the option. The option value is added to the overall investment 

value. Finally, decision tree/trees is/are presented to give strategic investment 

suggestions and managerial use. Further, Step 6 leaves room for human judgments and 

adjustments, since in the end, all the valuation tools are just aiding instruments in 
decision making.

Amram (2002, 243) argues that the social life of the numbers matters with valuation 

results. A valuation result always needs strong-minded communication in a way that 

works for the current community where managers live. The calculations are just one 

part of the whole valuation process. The work continues by communicating the value to
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the managers who are sitting on top of the moneybags and getting their view to match 

with the valuations. In end the, the result is not to get an improved valuation tool or 

better numbers, rather the goal is to change decisions, increase choices and smooth the 

way for faster and more valuable growth (Amram, 2002, 244).

A successful valuation result is a lot more than just a number or an investment 

recommendation; it helps to “connect the dots” for different players who need to 

understand, buy into or agree to the investment decision. Far too often the valuation 

tools fail to tell the story of value. The real option value should be strongly articulated, 

and especially the contingent decisions have to be discussed boldly. Therefore, a simple 

and compelling story of value growth and numbers to back it is the backbone of an 

efficient valuation performance. People respond and remember stories. Their 

imagination should be captured by the value-story to gain audience for the numbers. 

(Frigo et al. 2003, 12-13)
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6. Developing the Real Option tool

This chapter will talk through the development of the quantitative tool constructed for 

real option valuation. The tool is built for Microsoft Excel using Microsoft Visual Basic 

for Applications. The basic Excel-environment provides intuitive and easy 

implementation platform and Visual Basic for Application gives enough muscle for 

constructing an overall real option valuation tool. Also, it can be assumed that Microsoft 

Excel is available for most users. The goal is that the user of the tool wouldn’t have to 

have excessive finance and accounting knowledge, so that the Excel-tool would 

intuitively talk the user through the whole valuation process. Still, it is desired that the 

user has adopted the real option mindset and has general level understanding of 
accounting.

Nevertheless, the Excel -tool cannot be considered a real application, and therefore 
doesn’t have the usability and power of a separate standalone application. Furthermore, 

intensive use of macros and Visual Basic in Excel can make the real option spreadsheet 

quite hard to maintain. Alternative choices would be to develop a standalone program 

using, for example, Visual Basic (standalone) or Visual C++. However, Excel and 

Visual Basic for Application are chosen because they are is an easy and still a fast way 

to develop a working real option model.

The challenge of developing the real option valuation tool is that the tool should have 

enough calculation muscle as well as a good user interface. This would normally mean 

development of separate standalone program, developed for example with Visual C++. 

However, the integration to another financial tool is important and standalone programs 

can be fairly badly integrated to other tools or at least building such a program is 
significantly harder than building an Excel application.
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Figure 12 Structure of the Microsoft Excel Real Option model

Cost of capital NPV analysis Volatility
tool

Investment value Option value Decision
suggestions

Present the results Sensitivity analysis 1
Valuation summary sheet

Administrative sheet }
The structure of the Excel-tool is presented in Figure 12. The tool is constructed of six 

Excel sheets. The first sheet is a data input sheet, where the user has to specify the 

needed variables for the real option valuation. The data input sheet has four steps. The 

goal is to make the model as easy to use as possible, and therefore separate guides are 

built for estimating the cost of capital and for the volatility estimation. When using the 

guide, Visual Basic for Applications program walks the user through the valuation step 
in question. For the base-case NPV-valuation there is no separate valuation guide. 

However, the NPV valuation is very intuitive and is in line with other estimation 

procedures used in the case company. Figure 13 summarises the data input process.

Figure 13 Variable definition alternatives in the Data Input Sheet

Data input sheet

^ X
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When developing the real option model, it was noticed by the author that it would be 

crucial that the real option valuation process would be easy to understand and quite fast 

to use without having much additional help from the finance staff. McGrath and 

MacMillan (2000, 46) say that trying to apply complicated methodologies in uncertain 

situations is usually futile. This seems to be quite an insightful view. The valuation 

process has to be quite straightforward without even attempting to find a perfect 

solution. Rather the road mapping function of valuation should be employed strongly. 

This is where the Excel valuation tool is aiming at. A straightforward real option 

valuation, which provides output that can be used to draw the road map of value. 

However, the model avoids oversimplifying the problem solving. This finally puts some 

requirements for the user of the model. Another observation was that the development 

of the model should be done for the particular case and environment. Development of 

universal all-purpose model should be abandoned. Such non-specified models lead 

easily to very complex user interfaces and a complicated valuation process. Further, the 

real option valuation should try to move closer to the simplicity of the tradition NPV 
valuation process. Building intricate model doesn’t serve this purpose.

The first step in the data input sheet is the estimation of cost of capital. In the case 

environment context it is reasonable to assume that the projects are fully equity finance 

and therefore CAPM is applied to find the required rate of return. In the second step 

traditional NPV analysis is conducted to obtain the Base-Case value for the real option 

analysis. The most speculated part is the volatility measurement done in the third step. 

The volatility is measured qualitatively asking how does the volatility of the new 

investment relate to the upper level organization, whose volatility is calculated from 

historical data. For example, the volatility of the upper level organization is calculated 

to be 30%. Then the user is asked, “How do you think the risk level of your project 

relates to the Organization X as a whole? Consider Organization X as a portfolio of 

projects, do you think your project is more risky or less risky than the portfolio in 

average?” Naturally the finance staff has to update the historical volatility estimations 

of the Organization X from time to time. As well the finance staff should have some 

look at the project volatility estimations, so that there wouldn’t be any completely out of 

line. Finally, in the fourth step the calculation of the real options in the investment can 
be valued.
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In the “Valuation trees”-sheet the real option value is being calculated by using standard 

binomial trees. The sheet presents an event tree, which simulates the Base Case value, 

after which the option tree calculates the option value. In addition, decision suggestions 

tree is presented to display optimal Go and No Go decisions and finally also No Go 

Boundary tree shows the present values where the abandonment should be done. 
Further, it is possible to define that the investment phase has some salvage value6, in 

this case the No Go decisions are replaced with SELL decision suggestions.

The Output and Summary sheets present the results of the real option valuation. The 

output sheet shows the option value and offers possibility to make sensitivity analysis in 

order to find the maximum cost and the lowest sales margin for each phase. If these 

boundaries would be exceeded the investment shouldn’t be taken. A summary sheet is 

an executive summary of the complete valuation work. It explains the valuation inputs, 

Base Case value as well as the outputs of the process.

Data maintenance sheet is not visible for the user. The sheet is meant for calculating the 

historical volatility of the upper level organization, which is used in the project volatility 

estimation. Finally, there is a Help sheet to provide detailed help for each step of the 

valuation work.

6.1. Validating the tool

This paragraph aims at validating the theoretical framework and the developed Excel 

model. The validation is part of the constructive research approach that was presented in 

chapter 1. The validation is made through an example case, in which hand-made 

calculations are compared to the valuation made with the Excel model. This process 

justifies the model and its theoretical rightness. Further, the linkage between theory and 

practical appropriateness is proven.

The valuation is performed according the binomial tree approach presented in the 

Chapter 3. Further, the risk-neutral valuation and the Cox, Ross and Rubinstein 

formulas are employed in order to calculate the option value.

6 Salvage value means that the project could be sold or otherwise cashed in some time step.
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6.1.1. Inputs for the validation case

For the validation case an imaginary valuation project is created. The valuation is made 

by hand and the result is compared to the valuation made with the Excel model. First, 

the Base Case NPV valuation is done. For both approaches the cost of capital is given, 

and it is assumed to be 19%. Also, the risk-free rate is assumed to be 5%. Secondly, 

input parameters for the option valuation are calculated and finally the actual option 

valuation is performed.

The validation case has two phases, namely the Generation 1 products and Generation 2 

products. Table 3 present the yearly cash flows for the NPV valuation. The investment 

period is four years and it is assumed that sales margin is generated through the whole 

period, further the sales margin is assumed to have growing positive trend. It is assumed 

that the first generation can be terminated meaning that the investment cost for the first 

generation is not a sunk cost.

Table 3 Cash flows for the validation case.

Generation 1 2003 Total
400

2004 Total
850Sales Margin ('000) 100 100 100 100 200 200 200 250

Investment ('000) 1 200
Generation 2 2006 2007
Sales Margin ('000) 0 300 300 300 300 1200 300 300 300

Оосо 1200
Investment ('000) 1 100

The initial investment for Generation 1 is 1200k euro and consequently 1100k euro for 

the Generation 2.

6.1.2. Valuation without the model

First, the NPV-Base Case valuation is made in order to get the project value without 

flexibility. Then the option valuation parameters are calculated and finally the option is 

valued.

In the NPV valuation the cash flows are discounted on a yearly basis, meaning that the 

four quarters each year are summed up and discounted to present value. Therefore the 

generic NPV valuation formula presented below can be employed.
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Т r 1
NPV = V------------ -------------- (PV of investment cost) (6.1.)

(1 + cost of capital)'

The inbound cash flow for the year 2003 is 400k euro. Consequently the cash flows for 

years 2004, 2005 and 2006 are 850k euro, 1200k euro and 1200k euro. The NPV value 

for the validation case is shown below.

Generation 1: 400 +------1200 = 936.3745 -1200 = -263.6255 (6.2)
(1 + 0.19) (1 + 0.19)2

Discounted Sales Margin for Generation 1: 936.3745k.

Generation 2: 1200 ■ + 1200 --1100 = 1310.5015-1100 = 210.5015 (6.3)
(1 + 0.19)3 (1 + 0.19)"

Discounted Sales Margin for Generation 1: 1310.5015k.

Expected NPV for the investment: - 263.6255k + 210.5015k = - 53.1240k euro (6.4)

The NPV decision would suggest that the investment shouldn’t be taken since the 

present value of the investment is negative. However, this is the investment value 

without flexibility. Next, in order to valúate the flexibility in the investment, the real 

option analysis is applied. First, the option parameters have to be calculated. The work 

begins by calculating the upside potential and downside potential (see paragraph 3.4.). 

The investment has eight quartiles and the binomial lattice will have ten time steps. 

Therefore each step is 0.2 years long. Further, it is assumed that both investment phases 

have 50% volatility. Equations 6.5 and 6.6 presents the up and down movement factors.

и - e"-5 = e0 50^'02'101 = 1.073270660 (6.5)

d=e-<"r*=e^mm = c.931731423 (6.6)

7 In the valuation cases of this thesis the costs will not be discounted to present value. The decision not to 
discount costs to present value was discussed and agreed with the Finance staff of the case organization.
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Now that the upside and downside potentials are calculated, the insight of risk-neutral 

valuation can be used. Using one of the Cox, Ross and Rubinstein formulas the risk- 

neutral probability is calculated.

P =
a-d
u-d

1.00100-0.93173
1.07327-0.93173

= 0.48940 (6.7)

where a = ertS = 1.00100

The option parameters are now obtained and the actual option valuation can be 

conducted. The first thing in option valuation with binomial tree approach is to 

construct event trees for the both phases, which simulate the investment value by using 

the up and down movement factors as coefficients. The process for building the event 

tree for Generation 1 is demonstrated in Table 4.

Table 4 Process for constructing Event tree for the validation case.

...until 10 steps

=1004.98 * up movement factor

=936.3745*1.073270660= 1004.98 ...until 10 steps

936.37 =1004.98 * down movement factor =936.37

=936.3745*0.931731423=872.45 ...until 10 steps

=872.45 * down movement factor

...until 10 steps

The discounted sales margin for the phase is multiplied with the up and down 

movement factors and the process is simply repeated for ten steps, which is the assumed 

maturity of the whole investment. It is very easy to perform the analysis with a bigger 

number of time steps if needed. Table 5 shows the finished event trees for the both 

investment phases.
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Table 5 Event trees for the validation case.

Generation 1
OStep 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8 Step 9 Step 10

936.37 1004.98 1078.62 1157.65 1242.47 1333.51 1431.22 1536.08 1648.63 1769.43 1899.08

872.45 936.37 1004.98 1078.62 1157.65 1242.47 1333.51 1431.22 1536.08 1648.63

812.89 872.45 936.37 1004.98 1078.62 1157.65 1242.47 1333.51 1431.22

757.39 812.89 872.45 936.37 1004.98 1078.62 1157.65 1242.47

705.69 757.39 812.89 872.45 936.37 1004.98 1078.62

657.51 705.69 757.39 812.89 872.45 936.37

612.62 657.51 705.69 757.39 812.89
570.80 612.62 657.51 705.69

531.83 570.80 612.62
495.53 531.83

461.70
Generation 2

0 Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8 Step 9 Step 10

1310.50 1406.52 1509.58 1620.19 1738.90 1866.31 2003.05 2149.82 2307.34 2476.40 2657.84

1221.03 1310.50 1406.52 1509.58 1620.19 1738.90 1866.31 2003.05 2149.82 2307.34

1137.68 1221.03 1310.50 1406.52 1509.58 1620.19 1738.90 1866.31 2003.05

1060.01 1137.68 1221.03 1310.50 1406.52 1509.58 1620.19 1738.90
987.64 1060.01 1137.68 1221.03 1310.50 1406.52 1509.58

920.22 987.64 1060.01 1137.68 1221.03 1310.50
857.40 920.22 987.64 1060.01 1137.68

798.86 857.40 920.22 987.64
744.33 798.86 857.40

693.51 744.33
646.17

After building the event trees once again the Cox, Ross and Rubinstein formulas can be 

applied to solve the option value. Working back from the end of the binomial tree, the 

option value can be calculated with the Equation 3.19. An exception is the final node in 

the option tree, whose value equals the option value from the penultimate phase plus the 

node value in the event tree minus investment cost for the phase. The calculated value is 

then compared to the salvage value (which is assumed to be zero) and finally the greater 

value is chosen. Table 6 presents the option tree.
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Table 6 Option tree for the validation case.

Generation 1 
0 Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8 Step 9 Step 10

118.28 166.89 228.73 303.85 390.80 487.17 591.09 702.70 822.55 951.25
46.71 71.93 107.94 157.18 221.10 299.20 388.52 485.28 589.20 700.80

22.62 37.56 60.96 96.21 146.68 214.18 296.54 386.63 483.39
8.35 15.21 27.29 48.02 82.27 135.66 210.77 294.64

1.79 3.65 7.47 15.28 31.26 63.94 130.79
0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00

0.00 0.00 0.00
000 0.00

0.00
Generation 2

0 Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8 Step 9 Step 10
252.17 330.79 423.40 528.87 645.48 771.79 907.44 1053.11 1209.54 1377.50 1557.84

177.31 242.67 323.15 418.14 525.67 643.29 769.60 905.25 1050.92 1207.34
115.02 166.01 232.74 315.89 413.97 523.48 641.10 767.41 903.05

66.37 102.37 153.49 222.50 309.82 411.78 521.29 638.90
31.99 53.57 87.65 139.24 212.70 307.62 409.58

11.37 21.01 38.38 69.11 122.13 210.50
2.15 4.40 9.01 18.42 37.68

0.00 0.00 0.00 0.00
0.00 0.00 0.00

0.00 0.00 
0.00

For example, the final node value (step 10, uppermost value) in the Generation 1 is 
calculated through taking the option value 252.17k from the Generation 2 tree and 

adding into the event tree value 1899.08k. From the obtained figure the investment cost, 

1200k, is subtracted finally ending up to value 951.25k. The obtained value is compared 

to the salvage value and the greater number is chosen to be the node value, in this case it 

is 951.25k. The equation would be:

252.17k + 1899.08k- 1200k = 951,25k

Further, the tenth node in the Generation 2 option tree is:

0 + 2657.84- 1100= 1557.84k
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When calculating the uppermost node value for step 9 or latter, the Equation 3.19 has to 

be used. Let’s rewrite the equation.
f = e'T\pf.+(l-p)fA

For the uppermost node value for step 9 in Generation 2 tree the value is:

e-(o.oj*(o.2/io))(0 4g940 *, 557 84 + (1_ 048940) *1207.34) = 1377.49 (6.8)

Repeating this process until the first node of the Generation 1 gives the value of the real 

option embedded in the investment. The option value is 81.654k euro. Finally the real 

option value can be added to the real option value totalling to total project value. In this 

case the total project value would be -53.124k euro plus 81.654k euro, amounting to 

28.53k euro. This would suggest that the investment should be done contrary to the 

NPV investment suggestion.

On the other hand if the first generation investment cost would be a sunk cost then there 

would not be any managerial flexibility in the first generation. This suggests that the 

real option value would be the value of the option in the second option tree. Therefore 

the value of flexibility would be 252.17k euro and the total value of the investment- 

53.124k euro plus 252.17k euro = 199.05k euro.

6.1.2. Valuation with the model

In this paragraph the same case is analysed and valued directly with the developed 

Excel tool. All assumptions and conditions remain equals to the valuation without the 

model presented in the previous paragraph.

First, the NPV Base Case valuation is made. Table 7 shows the Base Case NPV 

calculations with the Excel tool.
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Table 7 NPV analyses with the Excel tool.

-Year 1

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

100 100 100 100 200 200 200 250

NO GO

Year: 3 1 .--Yea r:'4

300 300 300 300 300 300 300 300

GO

Phase 0

Generation 1

Start discounting from year: 1

Sales Margin ('000)

Discounted Sales Margin ('000) 936

Investment (’000) 1 200

Expected NPV ('000) -264

Generation 2

Start discounting from year: 3

Sales Margin ('000)

Discounted Sales Margin (’000) 1 311

Investment ('000) 1 100

Expected NPV (’000) 211

Combined

Expected NPV -53.12

time Steps

NPV suggestion: NO GO

The discounted sales margin is 936.37k euro for the Generation 1 and 1310.50k euro 

for the Generation 2. The NPV for the whole investment is -53.12k euro, suggesting 

NO GO decision.

Secondly, the option valuation parameters are defined. The Excel model calculates the 

parameters automatically. Table 8 presents the valuation input summary generated by 

the model.

Table 8 Valuation input summary

Phase Generation 1 Generation 2

Salvage Value ('000) 0.00 0.00

Discounted Sales Margin ('000) 936.37 1 310.50

Volatility 50% 50%

Investment cost ('000) 1200 1100

Upside potential 1.07327 1.07327

Downside potential 0.93173 0.93173

Risk-free probability of upside change 0.48940 0.48940

Exp 1.00100 1.00100

Quartiles 8 8

Stepping Time 0.20000 0.20000
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Now all the needed input is available for the option valuation. The next step is to 

construct the event trees, which simulate the development of the phase value through 

the time. Equally to the valuation without the model, the binomial trees produced by the 

Excel model have ten time steps.

Table 9 Excel tool generated Event trees for the validation case.

Generation 1

0 Step 1 Step 2 Step 3 Step 4 Step5 Step 6 Step 7 Step 8 Step 9 Step 10

936.4 1005.0 1078.6 1157.7 1242.5 1333.5 1431.2 1536.1 1648.6 1769.4 1899.1

872.4 936.4 1005.0 1078.6 1157.7 1242.5 1333.5 1431.2 1536.1 1648.6

812.9 872.4 936.4 1005.0 1078.6 1157.7 1242.5 1333.5 1431.2

757.4 812.9 872.4 936.4 1005.0 1078.6 1157.7 1242.5

705.7 757.4 812.9 872.4 936.4 1005.0 1078.6

657.5 705.7 757.4 812.9 872.4 936.4

612.6 657.5 705.7 757.4 812.9

570.8 612.6 657.5 705.7

531.8 570.8 612.6
495.5 531.8

461.7

Generation 2

0 Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8 Step 9 Step 10

1310.5 1406.5 1509.6 1620.2 1738.9 1866.3 2003.1 2149.8 2307.3 2476.4 2657.8

1221.0 1310.5 1406.5 1509.6 1620.2 1738.9 1866.3 2003.1 2149.8 2307.3

1137.7 1221.0 1310.5 1406.5 1509.6 1620.2 1738.9 1866.3 2003.1

1060.0 1137.7 1221.0 1310.5 1406.5 1509.6 1620.2 1738.9

987.6 1060.0 1137.7 1221.0 1310.5 1406.5 1509.6

920.2 987.6 1060.0 1137.7 1221.0 1310.5

857.4 920.2 987.6 1060.0 1137.7

798.9 857.4 920.2 987.6
744.3 798.9 857.4

693.5 744.3
646.2

Based on the Event trees the Option trees are created for the actual option valuation. 

Again, the tool starts the calculations from the final node in the Generation 3 and step- 

by-step valuates each node until the first node in the Generation 1 is reached. The 

Option tree construction process is shown in the Table 10.
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Table 10 Excel tool generated Option trees for the validation case.

Generation 1

0.00 Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8 Step 9 Step 10

81.7 118.3 166.9 228.7 303.9 390.8 487.2 591.1 702.7 822.5 951.2

46.7 71.9 107.9 157.2 221.1 299.2 388.5 485.3 589.2 700.8

22.6 37.6 61.0 96.2 146.7 214.2 296.5 386.6 483.4

8.3 15.2 27.3 48.0 82.3 135.7 210.8 294.6

1.8 3.7 7.5 15.3 31.3 63.9 130.8

0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0
0.0 0.0 0.0

0.0 0.0
0.0

Generation 2

0 Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8 Step 9 Step 10

252.2 330.8 423.4 528.9 645.5 771.8 907.4 1053.1 1209.5 1377.5 1557.8

177.3 242.7 323.1 418.1 525.7 643.3 769.6 905.3 1050.9 1207.3
115.0 166.0 232.7 315.9 414.0 523.5 641.1 767.4 903.1

66.4 102.4 153.5 222.5 309.8 411.8 521.3 638.9
32.0 53.6 87.7 139.2 212.7 307.6 409.6

11.4 21.0 38.4 69.1 122.1 210.5
2.2 4.4 9.0 18.4 37.7

0.0 0.0 0.0 0.0

0.0 0.0
0.0

0.0
0.0
0.0

Finally the whole investment has been valued and conclusion of the total project value 
can be presented. The Excel tool suggests -53.12k euro NPV value and real option 

value of 81.7k euro, totaling to 28.5k euro. This would suggest GO decision.

6.1.3. Result comparison

In practice the valuation results are identical between the hand-made ones and the 

valuation made by the Excel tool. The Excel tool makes faultless valuation work. Still, 

there is small difference in the valuations. This difference, however, happens only 

because of the rounding that the Excel model uses and displays.
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7. Case of a R&D company

In this chapter the theoretical framework of this thesis is converted into practice. First, 

the business environment of the case is introduced, concentrating on the strategic intent 

of the case products. It is shown that the case organization can be classified as an 

opportunity-focus organization and is well suitable for real option analysis. Further, the 

case organization’s milestone approval process is reviewed in order to understand the 

decision-making framework for the product development process.

After defining the organizational factors the real option framework can be employed. 

The study is going to validate the theory by analyzing one R&D project family and 

exploring the project value with the developed real option framework.

7.1. The business environment

The business area portfolio of the case environment has diversified from low risk 

business areas to highly risky businesses. The case organizations management 

intuitively feels that the high-risk businesses are good businesses to invest and to be in, 

but still the decisions to invest to the high-risk areas have been somewhat judgment 

calls without a strong numerical validation. The empirical part of the thesis will fill the 
gap between strategic view of the management and numerical validation of high-risk 

projects.

When reflecting the case environment to the framework of the opportunity-focused 

organization (see Figure 10) the connection is strong. Entrepreneurship and innovation 

are among the core values of the organization. The environment is open to new ideas 

and unofficial skunk work is supported as well. Further, the case environment is visibly 

reaching for entrepreneurial profits. Schumpeter (e.g. 1934) states that temporary 

monopoly profits are rewarded to the entrepreneur for successful innovation. The case 

environment’s products are highly innovative as well as risky. Further, the upside 

potential is enormous. In a sense, a successful business payoff for the case products can 

be easily compared to an entrepreneurial payoff.

72;
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The challenge for case environment is how to tolerate failure. McGrath and MacMillan 

(2000, 14) say that inexpensive failures from which an organization can learn are the 

key to effectively applying real options. This once again backs up the theory of 

tolerance for failure. The case organization hasn’t experienced heavy set backs in the 

form of projects abandonment, so the true colours of failure tolerance indicated from the 

management is somewhat blurred. However, the organization has successfully 

completed project terminations, indicating that common acceptance for failures exits.

The organizational side of opportunity-focused organization and the case environment 

are well comparable. An opportunity-focused organization is threatened by the factors 

described in chapters 4 and 5. There is a threat that the opportunities start to live their 

own life if they aren’t controlled strictly enough. Further, the escalation of commitment 

and project abandonment were shown to be a major concern in opportunity-focused 

organizations. By using milestones throughout the whole life cycle of the project, the 

product development process in the case organization (see paragraph 7.1.2) can be 

controlled efficiently. Adner and Levinthal (2004, 81) also discussed using milestones 

in order to overcome the problem of the project abandonment and other real option and 

organization related problems. In the context of the case organization, the milestones 

approval process has proven to be an efficient way of project controlling. By all means 

it can be stated that case organizations project management is very active, and the 

conflicts between the real option mindset and organizational issues are avoided. The 

case organization suits into the concept of an opportunity-focused organization and is 

capable of adopting real options management practices.

7.1.1. Strategic intent of the case organization

The case products represent very high-risk products in the portfolio of the company. On 

the other hand potential for the future value growth is high as well, which could provide 

entrepreneurial profits. The key insight in the value growth story of the organization’s 

products is that the market for those products is in transition. The case products 

represent rather innovative and new approach in a quite conservative market. If the new 

products gained even some market share in the markets, it would be a good business. 

The global base market for the products is enormous and 0.2% friction that market 

would provide significant business opportunities for the company. In a sense the
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strategic intent is driven by the estimates that the consumers for the products do exist

and that the market share expectations are achievable. Secondly, the case organization 

has the possibility to drive the market transition from conventional products to a new 

way of consuming and thinking.

The business case above puts traditional project valuation techniques under heavy 

pressure. Considerable monetary investments have to be made in the first generation 

products, making the first generation unprofitable. If failing to understand that 

investments like these have the most value hidden in the opportunities that they provide 

could lead to unwise business decisions. Even though the first product generation would 

be unprofitable and would seem like a bad investment move, it could provide something 

that can create value over the negative cash flows. In fact, the investment provides the 

opportunity to invest to the second-generation products and this option to make 

additional investment is the most valuable thing in the first generation products. 

Another valuable thing that it offers is the option to learn. The first generation products 

are technically inadequate and the usability as well as the appearance of the products 

need more work. However, by exercising the option, which means making an 

investment to the first generation products, engineers can learn and correct the flaws of 

the first generation products as well as learn more about the markets. Traditional 
investment valuation techniques, like NPV, fail to value this kind of option for second- 

generation products, leading to too low valuation results and even wrong business 
decisions. Therefore it is desperate to try to use the basic DEC valuation methods with 

the cases like the one described here.

Real option analysis can comfortably be used to reveal the hidden option values in the 

investment. As stated earlier, the case environment can be classified as opportunity- 

focused organization and the environment has successfully adopted the real option 

mindset. This means that quantitative real option analysis can be implemented without 

substantial organizational resistance.
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7.1.2. The milestone approval process

Milestones restrict the product development in the case organization. The purpose of the 

milestone review is to monitor program maturity against product and program 

plans/maturity requirements and milestone criteria and evaluate whether the program 

has the capabilities to achieve the deliverables and objectives without corrective actions 

and respectively what the needed corrective actions mean in respect to time, cost and 

quality. In the theory part of the thesis it was suggested that an objective business 

controller should do the project or product controlling rather than the people working 

close to the project. The milestone authority that controls the milestones is an objective 

body, which assures the consistency in program evaluation in comparison to other 

programs, and both supporting and monitoring the program progress.

The milestone process is constructed of different phases at different points of the 

program maturity. The milestone process starts with a phase, where the approval to start 

planning program schedule and requirements is given. Also, in the first phase it is 

reviewed that the product fits into the product portfolio and it is checked that the 

financials and the product estimations are feasible. The main output for each of the 

milestones is a GO or NO GO decision.

The process continues with phases that affirm the program schedule and the agreed 

requirements at each step of the program maturity. In the same process it is checked that 

the program or product characteristics match the needs of the case organization. When 

the program has reached all the milestones for the product design, a milestone where the 

decision to start the production with low volumes can be accomplished. The process 

continues with a milestone where the approval to start the production with high volumes 

is given. Moreover, it is reviewed that required certifications, such as the CE-mark, are 

in order. When everything is in order, it is guaranteed that the supplier is capable of 

manufacturing products and that the distribution is capable of delivering products as 

ordered.

In the final milestone the decision of bringing down the product program is assessed. 

The decision is made and based on the fact that the decision plan for an execution 

closure is prepared.
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The case organization milestone process is ideal for the real option valuation. The 

milestone process communicates strongly that the case environment has adopted the real 

option mindset. Quantitative real option analysis can be used to fulfil the investment 

valuation process and to communicate more strongly the story of value growth. In a 

sense the real option valuation could be used also to assess the decision points from the 

first milestone to the last one, but a greater benefit is to value the opportunities when 

moving from the first generation product to the next generation product, meaning that 

the completed investment in the first generation product offers the option to make a 

follow-up investment for the second generation. Additionally, even further product 

generations can be valued if sufficient estimation of the future can be done.

7.2. The valuation Case

The case project is the real option valuation work of a high-risk product family. In this 

thesis the first generation product family is called ‘Generation Г. Consequently, the 

second generation product family is called ‘Generation 2’. The investment to 

Generation 1 is actually already made and now the question is whether to invest in the 

Generation 2 or not. Quantitative validation is needed to back up the strategic intent and 

provide numerical validation and justification for the Generation 2 products. Therefore 

the real option valuation is used to perform the validation and to find arguments for the 

case investment, and hence enhance business performance and the coordination of 

investments in the case organization.

The theoretical real option framework constructed in the theoretical part of the thesis 

will be used with the case investment. Further, the developed Excel tool will be used to 

implement the valuation.

7.2.1. Analysis

The Generation 2 is a follow-up investment for the Generation 1. Technically the 

investment is a sequential compound option. Moreover, the option is a real American 

call option, meaning that it is the right but not the obligation to make additional 

investments as well, the option can be exercised before, up to, including its expiration 

date.
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The complete investment period is assumed to be three years long. The maturity for the 

Generation 1 is two years. Consequently, the third year is the maturity for the 

Generation 2. The valuation process begins according to the developed real option 

framework. First, the user defines the parameters and then the valuation is performed 

like described in the theory part and in the chapter 6. Table 11 presents the Cost of 

Capital for the valuation case, calculated with the CAPM. ‘Step V refers to the ‘Data

Input Sheet’ in the Excel-real option tool.

Table 11 Cost of capital for the Case.

Step 1 Cost of capital

Risk-free rate

Define the risk free rate: 2.750

Expected Market return

Expected return on market portfolio 13.00%

Beta

The estimated beta is: 2.60

Cost of capital

The estimated cost of capital is: 25.50%

The risk-free rate is estimated to be 2.750% according to the U.S. Treasury Bond with a 

three-year maturity, the maturity date being 08.15.2007. The expected market return is 

very speculative. However, as discussed earlier, the U.S. market can be used as a proxy 
for the expected market return. The estimated nominal market return is agreed to be 

13% (e.g. Copeland et al. 2000, 220; Brealey & Myers 2003, 155). The market risk 

premium is adjusted according to the work by Jorion & Goetzmann (1999). Copeland et 

al. (2000, 221) argues using adjustment of VA percent to 2 percent. Stressing the lower 

end of the suggested scale, a VA percent adjustment is taken. The beta estimate is 

adjusted from the corporate-level beta of 2.0, and agreed to be 2.6. Constructing the 

consensus of competitors’ beta figures is nearly impossible, since such an industry 

doesn’t exist and comparable companies are not available. However, the consumption 

on case products is estimated to follow aggressively the prevailing economic conditions

Rantanen, Antti. A Real option approach to project valuation in an opportunity-
focused organization. Helsinki School of Economics.



78

and beta is adjusted upward by 0.6 from the company beta. Finally, the estimation of the 

cost of capital is concluded to be 25.50%. In a sense the intuitive valuation of the cost of 

capital tells that 25.50% is quite a low estimate. As discussed earlier, the payoff 

required by the case organization and especially the case project could easily be 

compared to entrepreneurial payoff. This would suggest that the required cost of capital 

should preferably be compared to returns required by venture capital investors. In such a 

case, it would not be wrong to require 100% payoffs for early state investments. Even 

very conservative estimate of an early state venture capital investment would suggest 

40%-80% required return on capital. Therefore, the 25.5% cost of capital suggested by 

the CAPM does seem a rather low estimate. However, in order to keep theoretical 

consistency the figure suggested by the CAPM is accepted. In addition, the R&D 

portfolio is not directly comparable with venture capital investments, since the case 

organization is part of a upper level organization and therefore a part of a big and well 

diversified portfolio. Further, the risk level can’t be as high as the venture capital 

investments since the amount of capital invested in the case project compared to all the 

investments in the R&D portfolio of case environment is not comparable to an 

investment made by a venture capital entity. Also, the R&D success rate of the case 

organization is far better than the success rate of a venture capital investment. 

According to Brealey & Myers (2003, 223) discount rate for new products might be set 

for example to 20% and for speculative ventures to 30%. The CAPM prediction used in 

the case is well in line with this suggestion.

In the next step the NPV Base-Case valuation is calculated assuming two different 

product generations. Table 12 summarizes the NPV valuation for the Case. 

The project value is calculated by discounting the project sales margin to present value 

and subtracting the investment cost form that figure.
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Table 12 NPV Base-Case valuation for the Case.

4 T Year: 1 H
Q1 Q2 03 Q4 Q1 Q2 Q3 Q4

0 0 0 25 170 500 150 100

NO GO

Yean C■■ я ■

950 1100 1200 1800

GO

Phase 0

Generation 1 Total

Start discounting from year: 1

Sales Margin fOOO)

Discounted Sales Margin (’000) 604

investment (’000) 1 600

Expected NPV f000) -996

Generation 2

Start discounting from year: 3

Sales Margin ('000)

Discounted Sales Margin (‘000) 2 555

Investment ('000) 1 600

Expected NPV ('000) 955

Combined

Expected NPV -41.14

time Steps

NPV suggestion: NO GO

As seen above, the NPV Generation 1 is strongly negative indicating NO GO decision 

for the phase. However, the Generation 2 is already NPV positive providing value for 

the investment. Sill, with NPV reasoning, the investment would finally look 

unappealing, since the combined NPV value is negative (-41k euro) and showing NO 

GO decision.

However, the NPV fail to account for the value of flexibility. Therefore, the valuation 

process is continued in accordance with the developed real option model. Following the 

Excel-tool valuation process, the next step in the real option valuation is to qualitatively 

estimate the volatility through the whole investment. The volatilities for each phase are 

presented in the Table 13.

Table 13 Volatility estimation for the Case. 

Step 3 Volatility
Investment Phases Estimate
Generation 1 65.00%
Generation 2 60.00%

It is assumed that the volatility decreases as new information appears and the 

investment becomes more mature. The volatility for Generation 1 is assessed to be 65%,
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indicating the highest risk level during the investment period. Consequently the 

volatility for the Generation 2 is judged to be 60%.

In the Step 4, parameters for the actual real option valuation are calculated as well as the 

other valuation inputs are summarized for the valuation process. Table 14 presents the 

valuation summary. In the table ‘Upside potential’, ‘Downside potential’, ‘Risk-Free 

probability of upside change’ and ‘Exp’ are calculated using the Cox, Ross and 

Rubinstein formulas8.

Table 14 Valuation summary for the Case. 

Step 4 Inputs for Real Option Analysis

Phase Generation 1 Generation 2

Salvage Value ('000) 0.00 0.00

Discounted Sales Margin (’000) 604.04 2 554.82

Volatility 60% 65%

Investment cost f000) 1600 1600

Upside potential 1.08856 1.06716

Downside potential 0.91865 0.93707

Risk-free probability of upside change 0.48204 0.48587

Exp 1.00055 1.00028

Quartiles 8 4

Stepping Time 0.20000 0.10000

All the needed parameters are now defined in steps 1 - 4 and the next step is to perform 

the actual real option valuation. Table 14 summarises the parameters, which are needed 

the build the binomial trees. There is no salvage value, meaning that no inbound cash 

flow is received if terminating the project. This is a reasonable assessment since even if 

the project would have some value in the termination point; it would be nearly 

impossible to sell in to anyone. Consequently, selling could even be undesired because 

of the leaking knowledge. The valuation is made with binomial trees as discussed in the 

theoretical part of the thesis. The exercise price is the investment cost in each step. The 

binomial tree valuation is performed according to the risk-neutral valuation concept. 

Further, the Table 15 shows the Event tree for the Case.

* See formulas 3.15, 3.15 and 3.17 in chapter 3.
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Table 15 Event tree for the Case.

Generation 1

0 Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8 Step 9 Step 10

604.0 657.5 715.8 779.1 848.1 923.3 1005.0 1094.0 1190.9 1296.4 1411.2

554.9 604.0 657.5 715.8 779.1 848.1 923.3 1005.0 1094.0 1190.9

509.8 554.9 604.0 657.5 715.8 779.1 848.1 923.3 1005.0
468.3 509.8 554.9 604.0 657.5 715.8 779.1 848.1

430.2 468.3 509.8 554.9 604.0 657.5 715.8
395.2 430.2 468.3 509.8 554.9 604.0

363.0 395.2 430.2 468.3 509.8

333.5 363.0 395.2 430.2

306.4 333.5 363.0
281.5 306.4

258.6

Generation 2

0 Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8 Step 9 Step 10

2554.8 2726.4 2909.5 3104.9 3313.4 3535.9 3773.4 4026.8 4297.3 4585.9 4893.9
2394.0 2554.8 2726.4 2909.5 3104.9 3313.4 3535.9 3773.4 4026.8 4297.3

2243.4 2394.0 2554.8 2726.4 2909.5 3104.9 3313.4 3535.9 3773.4

2102.2 2243.4 2394.0 2554.8 2726.4 2909.5 3104.9 3313.4

1969.9 2102.2 2243.4 2394.0 2554.8 2726.4 2909.5
1845.9 1969.9 2102.2 2243.4 2394.0 2554.8

1729.8 1845.9 1969.9 2102.2 2243.4
1620.9 1729.8 1845.9 1969.9

1518.9 1620.9 1729.8 

1423.3 1518.9 

1333.7

Table 15 is an event tree where the Base-Case NPV valuation result for each of the 

investment phase is multiplied by the upside and downside coefficients. The process is 
repeated until end of the lifetime of each generation. The investment period is defined to 

be ten time periods long. Efficiently, using numerous time steps would get more 

accurate valuation. However, the ten-time period model is enough for getting adequate 

numbers for decision-making. After completing the event tree, the option value can be 

calculated by using the Cox, Ross and Rubinstein formulas. The calculation starts from 

the final node working towards the beginning of the tree.
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Table 16 Option tree for the Case.

Generation 1

000 Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8 Step 9 Step 10

52.6 78.1 113.0 159.1 217.1 286.9 367.0 455.6 552.1 657.2 771.7

29.0 45.7 70.3 105.2 152.4 212.6 284.8 366.3 454.9 551.4

13.4 22.8 37.9 61.5 96.5 145.7 209.4 284.1 365.6

4.7 8.8 16.1 28.9 50.8 86.5 140.0 208.7

1.0 2.0 4.1 8.5 17.7 36.8 76.3

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0
0.0

Generation 2

0 Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8 Step 9 Step 10

960.5 1130.6 1313.0 1508.0 1716.1 1938.1 2175.2 2428.2 2698.2 2986.3 3293.9

800.4 958.7 1129.5 1312.1 1507.1 1715.2 1937.3 2174.3 2427.3 2697.3

651.2 797.9 957.5 1128.6 1311.3 1506.2 1714.3 1936.4 2173.4

512.9 647.5 796.2 956.6 1127.7 1310.4 1505.3 1713.4

385.9 507.3 645.1 795.4 955.7 1126.8 1309.5

271.4 377.3 503.5 644.3 794.5 954.8

171.5 258.3 370.8 502.6 643.4

89.6 152.1 246.4 369.9

30.6 63.0 129.8

0.0 0.0

0.0

Table 16 shows the results of the option valuation. The sequential compound real option 

value is finally the first node in the Generation 1 tree. The option value from the second 

generation tree is added to the first generation tree and consequently, the option value 

from the second generation tree is added to the first generation tree, finally giving out 

the real option value. Therefore the real option value and the value of managerial 

flexibility for the Case is 52 600 EUR. The Option tree can also be turned into a 

decision suggestion tree. A zero node value in the option tree indicates that the 

investment is not feasible anymore in that point of the time and position. Hence, this 

would theoretically mean NO GO decision. Table 17 below shows the decision 

suggestions for each time step.
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Table 17 Decision suggestion table for the Case.

Generation 1

0 Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8 Step 9 Step 10

GO GO GO GO GO GO GO GO GO GO GO
GO GO GO GO GO GO GO GO GO GO

GO GO GO GO GO GO GO GO GO

GO GO GO GO GO GO GO GO
GO GO GO GO GO GO GO

NO GO NO GO NO GO NO GO NO GO NO GO

NO GO NO GO NO GO NO GO NO GO
NO GO NO GO NO GO NO GO

NO GO NO GO NO GO 

NO GO NO GO 

NO GO

Generation 2

0 Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8 Step 9 Step 10

GO GO GO GO GO GO GO GO GO GO GO
GO GO GO GO GO GO GO GO GO GO

GO GO GO GO GO GO GO GO GO
GO GO GO GO GO GO GO GO

GO GO GO GO GO GO GO
GO GO GO GO GO GO

GO GO GO GO GO
GO GO GO GO

GO GO GO
NO GO NO GO 

NO GO

After calculating the real option value, the total project value as well as the cost and 

sales boundaries for the whole investment can be found.

Table 18 Total project value, cost and sales boundaries for the Case.

The value of managerial flexibility: 52 600
NPV value -41 140
Total project value at time zero: 11 500
Investment suggestion: GO
Cost boundary for Generation 1 is 1 609 000

Cost boundary for Generation 2 is 1 609 000
Sales boundary for Generation 1 is 596 000
Sales boundary for Generation 2 is 2 546 000

Table 18 summarizes the total project value and the project boundaries. The final 

project value is 11 500 EUR indicating a weak GO decision. The real option reasoning 

now shows that the case, which would have been rejected according to the NPV rule, is
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a rational investment. Copeland and Keenan (1998) say that real option valuation is 

most valuable when the traditional NPV value is near zero and it is hard to decide 

whether the investment is good or bad. The case valuation result confirms this assertion. 

The NPV suggestion can be abandoned and the value map can be based on the real 

option result.

Furthermore, it is interesting to examine the cost boundaries for each investment phase. 

The cost and sales boundaries are examined by the Excel-model by finding the figures 

where the investment in no longer profitable. The results are reported assuming on a 

ceteris paribus basis9. If the costs for Generation 1 would exceeds 1 609 000 EUR the 

investment shouldn’t be taken. Consequently, if the costs would exceed 1 609 000 EUR 

for the Generation 2 the investment should be abandoned. Moreover, the investment 

sales boundaries are investigated and the boundaries for the lowest discounted sales 

margin are explored. If the net sales for the Generation 1 would go below 596 000 EUR 

the investment should be terminated. Also, if the sales boundary for the Generation 2 

would be below 2 546 000 the investment should be terminated as well.

Even though the total project value is positive, the value is still extremely low. The 

opportunity cost of capital should be determined and then assessed again whether the 

investment is the best possible investment in the portfolio. Also, it should be recognised 

that now that the investment in generation 2 products is justified there will be the 

possibility to invest in the third generation products, which would make the investment 

even more valuable.

9 Ceteris paribus means that when one variable in changed all other variables are assumed being constant.
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8. Conclusions

The purpose of this chapter is to reflect the compliance and the results and the research 

questions and objectives set in the beginning of the thesis. In addition, the research work 

is summarised, discussed and the limitations of the study are examined. The intention of 

this chapter is also to give further action suggestions as well as suggestions for further 

research.

8.1. Summary and discussion

Traditional valuation techniques are under heavy pressure. Continuously changing 

business environments are not suitable for valuation methods that assume now-or-never 

decisions. Usually real option theory has been presented to overcome the problems of 

the traditional discounted cash flow techniques. Even though real options offer a better 

insight to active value management, they still have been struggling with difficulties in 

the practical implementation. The calculations and complicated valuation process don’t 

motivate moving away from some of the ever so familiar discounted cash flow 

techniques. However, this study has shown that the practical implementation of real 
option valuation is a matter of adopting the real option mindset and constructing such 

valuation tools that are intuitive, robust as well as rather straightforward.

The main objective of this study was to develop a practical real option framework to 

model and valúate strategic decision-making and put the developed framework into 

action in a real business environment. First, the real option framework was developed 

theoretically and it was introduced in the theoretical framework of the thesis. Secondly, 

the framework was converted into a practicality by building an easy-to-use Excel tool. 

Thirdly, the Excel tool was used to empirically value of a case project in a case 

company.

Additionally three supplementary objectives were defined. The first sub objective was 

to find a practically appropriate valuation technique for real option valuation, which is 

intuitive, practical and easy to understand. Binomial trees were chosen as an option 

valuation template, as commonly suggested. As well, risk-neutral valuation provided a 

comfortable way to conduct the option valuation. The second supplementary objective
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was to discuss the human competences and organizational capabilities needed for 

managing real options. Effort to contribute to the organizational side was made by the 

examination of the requirements for opportunity-focus organization. Organizational 

issues were taken to a background contributor to the theoretical framework and a model 

for fostering real option mindset in an opportunity-focused organization was developed. 

Third objective was to build a practical real option tool that can be used to solve 

decision-making problems in the case organization. This was all done in the empirical 

part of the thesis.

The empirical part of the thesis includes the R&D case, which was valued with the 

developed Excel tool. The real option valuation found value to overcome the negative 

NPV analysis, and therefore the NO GO NPV value was turned to a GO decision. 

However, the total project value was not very high. If reasonable estimation could be 

obtained, the valuation could be performed with three generations. Also, the opportunity 

cost of capital should be assessed to determine whether the case investment is the best 

possible investment in the R&D portfolio. The empirical part confirmed that the real 

option valuation is most valuable when NPV below or near zero, as suggested by 

Copeland and Keenan (1998).

Real option valuation has been mystified and complicated by the numerous academic 

works and articles. Concentrating on the higher-level mathematical implementation is 

sure to confuse practitioners that are used to NPV-like valuation techniques. The 

practical implementation calls for straightforward and intuitive valuation. Moreover, the 

tools and applications should be specified for the valuation problem in question when 

general do-it-all models should be abandoned. General models rarely are intuitive or 

easy to use. In addition, development of such all-purpose tools is rather a complex 

process and the result is probably very hard to convert into a real business environment.

As a surprise, in the case company, the maturity of the investment can be estimated 

quite accurately. As well, the sequential nature of the investment has many times only 

two phases, meaning that there is only one option in the investment. This would again 

suggest taking the Black&Scholes model under assessment. It would be, an easy, fast 

and practical way to solve such an option. Still, however, modelling more realistic cases 

is not suitable for Black&Scholes model.
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The real option valuation can be imported into the corporate valuation template 

portfolio and different tools can be developed for diverse uses. However, in some cases 

the tool-approach is not suitable and the real option valuation should be done on ad hoc 

bases, because of the complexness and difference of the valuation work. This still 

requires that the real option mindset would be already adopted in the company. 

Naturally, ad hoc valuation are done to test real option valuations or to conduct pilot 

cases when assessing the appropriateness of real options.

8.2. Additional action implication

This paragraph suggests additional action implication for the case organization. The 

action suggestions are as follows:

• It should be considered to integrate the real option valuation as part of other 
planning and valuation tools. Many of the same inputs are needed for real option 

valuation as in the traditional planning, hence the real option valuation could be 

performed simultaneously with the other valuations or tools. Integrating the real 

option valuation to the corporate planning portfolio would make the valuation 

truly intuitive and easy. However, this would require some communication and 

education of real option.

• The business planning should be based on the milestone-controlling process. 

This would be a very logical planning framework. In addition the real option 

valuation would be better integrated to other planning systems. Alternatively, the 

estimation could be made on a monthly basis and then converted to the 

milestones scheme.

• The milestone process discusses the real option reasoning quite intuitively. 

Therefore, also the milestone phases could be very insightfully valued and 

communicated with real options. This would mean that the total investment for 

the project wouldn’t be committed in the beginning of the milestone process; 

rather costs would be committed to each milestone separately. If option 

valuation would be performed, the exercise price for each option would be the 

costs for the comparable milestone.

• The real option valuation should be extended to more strategic questions. For 

example, different technology platform decisions, product family kick-off
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decision, business area or unit decision etc. The more strategie the questions are, 

the more value the real option analysis can offer.

• It should be considered if the real option management approach were 

communicated wider to the organization and implementing real option as 

organizational process.

• Educating staff about real options and communicating the real option mindset. 

Also, stronger communication of the opportunity-focused organization to avoid 

any conflicts between the real option valuation and organizational issues.

• Building a qualitative real option screening process for investments.

• Building a long-term sales estimation procedures.

• The project value should be measured through the whole investment period, in 

order to better manage the value of the project.

8.3. Limitations of the study

There are some limitations in this study. First, the especially the empirical part of the 

thesis is about valuating a sequential compound option, which is suitable for R&D 

valuation. Other real option types are not covered in the empirical part. Therefore, the 

results are mostly suitable for similar of R&D investments. Secondly, in order to make 

the real option model easy and intuitive to use, some simplifying was done. Particularly, 

the volatility estimation is rather speculative and could lead to a rough valuation result. 

A better solution would be to use a simulation like the Monte Carlo simulation, for 

example by using easy-to-use spreadsheet software like the Crystal Ball. This however, 

has a major adverse affect on the usability and intuitiveness pf the real option model, 

and the idea of the simulation was therefore abandoned.

When evaluating the general usability of the research results in other environments, it 

can be stated that some appliance would be needed. The valuation process used in this 

thesis is somewhat specific to the case environment and had an affect on the real option 

tool development. Nevertheless, due to the high practical linkage, the real option tool 

can be easily converted to any environment with some effort.

There are some limitations of the binomial tree approach. The developed model

constantly uses ten time steps in the valuation process. It can easily be argued that ten
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time steps are far too few to get accurate option value. A more accurate result could be 

obtained by using a significantly bigger amount of time steps, say, several hundred or 

even more. However, it is very easy to add more time step to the model when needed. 

Also, the valuation result with ten time steps is valid for decision-making and more 

accurate numbers are not even needed. Finally, the capabilities of Microsoft Excel will 

become a limiting factor as the time steps increase significantly.

8.4. Suggestions for further research

There is a demand for a lot more practical real option application and solutions. 

Therefore, further empirical research is needed to explore the implementation of real 

options in different business environments. In addition, further research suggestions are 
as follows:

• Studying other types of strategic investment decisions and other types of real 
options.

• Explore the organizational issues in real options. Determining how companies 

can adopt the real option mindset and convert themselves to opportunity- 

focused organizations. Studying what are the requirements for the process and 

how it can be done. Real options also need other organizational behaviour 

related research.

• Researching empirically what is the role of the escalating commitment to a 

chosen course of action and real option management.

• Studying how small and medium size companies can generate competitive 

advantage by implementing real options and the real option mindset.

• Constructing a qualitative real option screening process for R&D investments.

• Researching what the actual factors are besides complexness that are slowing 

down wider a real option acceptance.

• Making studies with more advanced option pricing model, such as trinomial 

trees and simulation models or when the underlying pays dividends.

• Further research is desperately needed in the area of estimating the parameters 

related to real options. For instance, even though there are theories about project 

beta estimation, the project beta in practice is very hard to measure. Therefore, 

practical and industrial specific projection models are needed.
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