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Executive Summary 


Through this thesis, the objective is to determine the merits of a real options framework 
 as managerial tool to be used with respect to making investment decisions. To do so, this 
 line of thinking is put into context, by comparison to other relevant theories in the field 
 of strategic management, as well as the existing techniques for project valuation.  


Often times, capital investment decisions are made based on managerial intuition, given 
 the recognized difficulties to accurately assess project value using mainstream tools such 
 as discounted cash flow analysis, particularly in situations characterized by high 


uncertainty. 


Real options are conceptually positioned at a point of convergence between disciplines, 
 resulting in a challenge to integrate disparate views which may appear irreconcilable.  


Proponents of the real options approach have long argued for the opportunities to gain a 
 more unified understanding of strategic decision making under uncertainty, and bridge 
 the gap between strategic considerations and valuation models.  


The case study applies an integrated real options approach to assess an autonomous 
 electric vehicle project, currently in development by Apple Inc. The valuation technique 
 which is elaborated upon is based on the binomial approximation method, using project 
 NPV as base case value.  


By doing so, it has been possible to exemplify the complexities which hinder the 


applicability of this model, thus making it possible to understand why the approach has 
not gained traction among practitioners, as has been claimed it would. Although there are 
many conceptual similarities to financial options, and the association can lead to gaining 
unique insight, differences in clarity regarding the definition of the underlying variables 
that determine option value render tools used to accurately assess the value of financial 
options far less convincing with respect to their “real” counterparts. 
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1  Introduction 


1.1 Background 


The firm and its decision making process regarding resource allocation have long been a 
 main subject of interest for scholars active in fields such as the theory of the firm, 


industrial organization, strategic management, international business or corporate 
 finance.  


A great number of theories have stood out over the decades due to their unique approach 
 in relation to the topic, however an integrated perspective has yet to be developed. As 
 more and more firms are competing amongst each other in the global market, the need to 
 understand sources of competitive advantage exhaustively has never been greater.  


The idea which has fueled research interest in relation to this subject has been that firms 
 can often pursue a change in course once new information becomes available to them, 
 which intuitively leads to an understanding that there is value which must be 


acknowledged in firms possessing flexibility. 


In order to optimize the decision making process at the point in time prior to the 
 investment decision, an economic model comprising both qualitative and quantitative 
 insights should come to the aid of managers. If applied correctly, it should lead to an 
 increase in the value added to shareholders and a better functioning enterprise overall.  


With this goal in mind, the extended application of a concept native to the field of 
finance showed promise for great learning potential. The term “real options” was first 
used by Myers (1977) to refer to how non-financial investments (“real”) could be valued 
using option pricing techniques. He observed how growth opportunities were similar to 
the payoff structure of call options, to conclude that there existed a relationship between 
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the amount of corporate borrowing and market value of a firm which is owed to the 
 presence of real options.  


This year marks four decades since Myers’ model first attracted the curiosity of 
 academics and the business world. Since the mid 90’s, real options analysis has been 
 applied by management consultants and industry peers alike to corporate investments.  


Looking back into the evolution of this topic’s development, what can be observed is that 
 despite a great deal of attention from the behalf of academics, practitioners and 


consultants alike, there has yet to have emerged a consensus, and common understanding 
 of how real options should be viewed.   


1.2  Problem Outline 


Despite the positive evolution of real options analysis in terms of popularity, its 


application has proven challenging for a great number of practitioners. This is primarily 
 due to the existence of several often contradictory approaches that turn the model into a 
 black box, mainly because they lack clarity in relation to the assumptions they make.  


This paper is intended as a coherent introduction to real options in a strategic context, 
 aimed at students and practitioners whom may lack dedicated technical expertise and 
 knowledge of advanced mathematics. The point is to develop heuristics that allow for a 
 different perspective to be generated via the use of real options theory and analysis, when 
 compared to that which would be resulted from more mainstream approaches.  


In order to achieve this objective, the method should be integrated with both the current 
 state of affairs in strategic management literature, as well as with prevalent existing 
 capital budgeting techniques. Foss (1998) argues that real options theory can aid in 
 achieving what Rumelt (1984) called a “strategic theory of the firm”.  


He cites Sanchez (1993) and Dixit and Pindyck (1994) in saying that real options are a 
source of much needed dynamism, feature which is found lacking in the capabilities view 
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of the firm, which at its core addresses a similar concept, namely the ability of a firm to 
 adapt to a changing environment. Furthermore, real options provide a perspective that 
 challenges the transactions cost economics predictions of ideal firm boundaries, through 
 a more nuanced interpretation of the implications brought by the presence of uncertainty.  


In this same manner, real options theory should be considered a complement to 


discounted cash flow (DCF) analysis, given that through its use, practitioners are able to 
 derive some form of understanding with respect to possible contingencies and optimal 
 solutions as perceived ex-ante to address them. When they formulate strategy, managers 
 envision the route they would like their organization to follow over the years, and by 
 using DCF as the primary financial tool in valuing their strategy, they are committing to 
 the unfolding of a sequence of events that they had predicted prior to learning.  


Real options valuation proponents claim that this process can be improved by 


incorporating the benefits of active management in an environment characterized by the 
 presence of uncertainty. (Luehrman, 1998) Under this guiding philosophy, it should be 
 possible to analyze strategies by viewing them from the perspective of available real 
 options.  


Through this, it should be possible to quantify the value of flexibility embedded in real 
 options, and also permits potential future sequences of events to be mapped out as to 
 understand value at risk or costs of exploration. Luehrman (1998) has vehemently stated 
 that “strategy formulation can be informed by valuation analyses sooner rather than later. 


Financial insight may actually contribute to shaping strategy, rather than being relegated 
to an after-the-fact exercise of “checking the numbers.”” 
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1.3  Problem Statement  


The overarching goal of this paper is to determine whether it is reasonable to believe that 
 practitioners applying real options analysis will generate added value for firms; as a 
 secondary objective, there are the personal desires to reach a conclusion regarding a 
 source of intrigue and curiosity, as well as to build a bridge through which to integrate 
 knowledge from fields which have been studied.  


Following this, the main research question which should be answered by this paper, and 
 which will be elaborated upon in the “Discussion” section of the paper, is: 


  “Will the application of real options analysis lead to an overall improved, 
 reliable and more accurate capital budgeting process, as well as improved 
 decision making capabilities from the behalf of corporate practitioners?” 


A number of secondary issues must be considered in order to reach a conclusion 
 regarding the usefulness of real options in a strategic context, and this shall be done in 
 practice by answering the following questions: 


  How is real options analysis positioned in relation to other theories in strategic 
 management? 


  What is the current state of affairs for capital budgeting activities in multinational 
 corporations? 


  What are the practical issues which must be taken into consideration when 
 determining the applicability of real options analysis? 


  Which conditions are most likely to determine the success of real options analysis 
 as a thought process? 


  What is required of future research to consolidate understanding on this topic, or 
lead to the elaboration of an improved alternative to this framework? 
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1.4  Methodology 


The hypothesis to be tested throughout this thesis is whether practitioners in an 
 international business environment can find value in applying real options analysis to 
 corporate investment decisions. A deductive approach is employed, by applying existing 
 theory to a line of reasoning exemplified by a case.  


In doing so, the thesis addresses a research gap which has been identified in this field of 
 study, namely that there is a need to apply an integrated real options analysis approach at 
 the level of individual projects.  


A wide array of theories converge to provide a solid theoretical foundation upon which 
 to begin constructing an analytical argumentation. This will later comprise the qualitative 
 aspect in the assessment of the hypothesis, which is to be complemented by a 


quantitative understanding of how the application of real options analysis should work in 
 practice.  


Analysis of existing knowledge begins within strategic management and international 
 business literature, and moves onto the detailing of financial concepts that comprise the 
 tools to be used in creating the model for financial analysis. In an attempt to maintain an 
 objective stance, a positivist approach will be taken throughout the paper.  


Interpretation of results is due to be subject to some form of bias, and this effect is 


perceived as a limitation specific to this type of research. Flyvbjerg (2006) mentions bias 
 toward verification in his work, concluding that case study research can be rigorous and 
 benefits from the ability to “close-in on real life situations.” 


For the real options valuation exercise, an NPV-embedded binomial tree model was 
found appropriate for the scope of the paper, providing an easy-to-navigate roadmap 
accessible also to the uninitiated in option pricing methods. The merits as well as the 
disadvantages of using alternative methods, primarily referring to the Black-Scholes-
Merton model, will be elaborated upon.   
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As a need for project-level analysis has been identified in recent scientific work, such as 
 Trigeorgis & Reuer (2016), a case study approach has been chosen to verify the 


applicability of real options analysis and its merits as a value-add for project valuation. 


The case chosen to exemplify the reasoning behind the real options framework is a 
 project of Apple Inc., regarding its plans for product development in the area of 
 autonomous electric vehicles. The case builds upon assumptions made in an NPV 
 valuation exercise by Professor Aswath Damodaran, which have been adapted.  


An added limitation of this paper is acknowledged, namely the absence of primary data, 
 the collection of which would not have been possible for a project of such scale. For the 
 purpose of demonstrating the applicability of a framework, academics who have 


developed approaches pertaining to real options analysis have often devised hypothetical 
 cases for illustrative purposes.     


By applying the real options model, the value of existing real options can be mapped and 
 measured qualitatively, providing intuitive understanding, and quantitatively, in line with 
 the accuracy of assumptions made and the relevance of available data. This also allows 
 for the mapping of decision nodes through time which enables managers to take action 
 based on the dynamic evolution of events.  


Theory provides for an empirically-tested description of variable effects, which functions 
 as a check to the numerical output of the model. This paper acknowledges a 


methodological pitfall in attempting to obtain generalizable findings from single case 
studies. However, Flyvbjerg (2006) argues that single case study research is necessary 
for the production of exemplars, which can indeed contribute to scientific development.   
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2  Literature Review  


2.1  Introduction to options 


Options are instruments which provide their owners the right to buy or sell 


predetermined quantities of an underlying asset at a predetermined price, or or before a 
 specified date. Their owners do not also have the obligation to exercise these options, 
 leading to a situation where option exercise only takes place when it is advantageous to 
 its beneficiary.  


This important distinction is the source of value creation through the use of options, and 
 is formalized as asymmetric return, which means that the upside potential of an 


investment is greater than its downside risk. For the owner of an option, the only risk is 
 losing what has been paid to acquire the option, which is referred to as an option’s 
 premium. 


The price for which it is possible to buy or sell the underlying asset is referred to as the 
 option’s strike price, or exercise price. Options can be created for almost any asset, and if 
 they are not actively traded in financial markets, they can be negociated ad-hoc between 
 interested parties.  


Buying an option is also referred to as taking a long position, whereas selling an option is 
 taking a short position. The relationship between the profits obtained by the two parties 
 involved in the option contract can be described as a zero-sum game, since the gain of 
 one is the loss of another.  


Whether the option can be exercised at any time until maturity, or only when it reaches 
 maturity, depends on whether the option is American or European in style. This 


difference is reflected in the markets through which options are transacted: traded 
options tend to be American, non-traded options tend to be European.   
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The primary classification of options is between the following two types: calls and puts. 


A call option gives its owner the right, but not the obligation, to buy an asset, whereas a 
 put option gives its owner the right to sell the asset, at a specified time and price.  


Due to the payoff structure, a long position in a put option will serve as protection 


against a negative evolution for the value of the underlying asset, whereas a long position 
 in a call option will act as a long position on the underlying asset, with built-in leverage.  


Options are often used when an investor is looking to hedge against certain risks towards 
 which he has exposure. While purchasing an option offers limited downside, but 


virtually unlimited upside potential, the opposite is true when selling an option. The 
 option premium here serves as compensation for appropriating the associated risk.  


2.1.1  Black-Scholes Options Pricing Model 


Although financial options are useful tools which make for more efficient markets and 
 better satisfy the needs of investors, it has been particularly challenging to devise a way 
 through which to accurately quantify their true value. Up until the early 1970’s, option 
 would be transacted based on a limited understanding of traders regarding determinants 
 of option value, relying instead on gut feeling and minimal quantitative work.  


This changed in 1973, when Black, Scholes and Merton developed a framework for 
 valuing European-style options. With this new tool at hand, the financial industry has 
 been able to bring to the market innovative products that greatly improved possibilities 
 for stakeholders such as risk management departments of the world’s corporations, or 
 asset managers. 


The formula used in the model to compute the price of a non-dividend paying European 
call options is: 
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To compute the price of a put option with similar characteristics, the following formula 
 is to be used: 


Where 


And where  


-  N(d1), N(d2) are cumulative probability distribution functions for standardized 
 normal distributions 


-  S0 is the asset price at the initial moment in time  
 -  K is the strike price of the option 


-  rf is the risk free interest rate 
 -  T is time to maturity 


-  σ is the asset’s implied volatility 


The Black-Scholes option pricing model functions as a closed form solution, since it 
 incorporates a rather restrictive set of assumptions. According to the original paper of 
 Black and Scholes (1973), the assumptions are as follows:  


-  the short-term interest rate remains constant at a known value 


-  the asset price follows a random walk in continuous time, also known as 


Geometric Brownian Motion, with constant variance proportional to the square of 
the asset price  
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-  no dividends are paid on the asset 


-  the option is European in style, thus can only be exercised at maturity 
 -  no transaction costs for the stock or the option 


-  no penalties to short selling, which functions as if you were to assume bilateral 
 agreements 


The usefulness of financial options should be extended to produce efficiency gains in 
 relation to investments that are non-financial in scope, at the level of individual projects. 


Such equivalence can be found in the concept of ”real options”, where, by means of 
 comparison, having the option to sell a project at some stage down the line would be 
 equivalent to owning a put option on the underlying asset.  


It has been argued by a number of advocates that the Black-Scholes option pricing model 
 can find also applicability in pricing real options, but the discussion in this paper will 
 examine the model’s drawbacks for this purpose in more detail. 


2.1.2  Binomial Model of Cox, Ross and Rubinstein 


Cox, Ross and Rubinstein (1979) proposed the binomial option pricing model as an 
 alternative valuation tool to that of Black and Scholes. This model has received much 
 appreciation partly because it later helped diffuse real options theory among those who 
 perceived options pricing models as black boxes due to the complexity of the 


mathematics involved, in this context.  


Like the Black-Scholes model, the binomial approximation method was initially 
 developed for the purpose of pricing financial options. However, it has become an 


invaluable tool in modelling real options, which most often do not meet the criteria of the 
 assumptions employed in the Black-Scholes model.  


A binomial tree is a graphical representation of the evolution of asset values in time, with 
two possible outcomes per node, through which the number of observed outcomes grows 
proportionately with the number of periods elapsed. An underlying assumption in the 
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binomial option pricing model is that the asset value follows a multiplicative binomial 
 process over discrete time periods. (Peters, 2016) By multiplicative, it should be 
 understood that asset values increase, or decrease by the same coefficient each period.  


For example, an increase followed by a decrease in the asset value in an immediately 
 subsequent period will result in a return of the asset value to the value prior to the 
 increase. As such, the model can recombine, facilitating a reduction in the number of 
 nodes and a more convenient process for valuing options. Using this model, the expected 
 value of the underlying asset, S, evolves according to the following formulas: 


  
 Where: 


-  p is the probability of an increase in the stock price 
 -  (1 - p) is the probability of a decrease in the stock price 
 -  u is the coefficient for a stock price increase 


-  d is the coefficient for a stock price decrease 
 -  r is the risk-free interest rate 


-  σ is the annual volatility of returns 
 -  t is an expression of time 


-  n is the number of periods  
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The value of a call option at present date is noted as C, while the value of the call option 
 one time period away from the present date is Cu in the event of an increase, respectively 
 Cd in the event of a decrease. The value of the call option will be positive if the stock 
 price is higher than the exercise price, otherwise it will be zero.  


To derive the formula for pricing a European call, the methodology of Cox. et al (1979) 
 is described by Peters (2016). For a portfolio of a number of m shares of stock S, and a 
 number of B 1$ bonds, with value r * B, the value in the event of an increase will be m * 
 u * S + r * B, respectively m * d * S + r * B in the state of decrease.  


A hedge portfolio is created with call values Cu, and Cd, equivalent to the values of the 
 two corresponding portfolios. By subtracting the equation which is equal to Cd from the 
 equation equal to Cu, the value of m can be isolated. The following equation is resulted: 


B can be isolated by replacing m with the above equation, resulting in: 


For an arbitrage-free hedge, the value of the call option is: 


Substituting for m and B using the above equations, the following is resulted: 


       


Replacing (r – d) / ( u – d) with p and (u – r) / (u – d) with (1 – p) in the above equation, 
we obtain:   
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This risk-neutral approach can be replicated over a number of steps within a tree. The 
 values of Cu and Cd can be derived from the values of call options further down the 
 decision tree through the following formulas: 


Using the payoff structure of options, and including the formulas for determining Cu and 
 Cd into the formula required to determine the value of C for a two-step tree, we obtain: 


In real options analysis, the value of available options is determined by working back 
 through the tree to decide on the optimal time for option exercise. The above description 
 of the model developed by Cox, Ross and Rubinstein demonstrates the accessibility of 
 the mathematics involved, particularly compared to the Black-Scholes model as 


alternative. For this reason, and for the model’s applicability to both European and 
 American options, it has received substantial recognition.  


The main drawbacks of this approach are assumptions regarding stock price movements, 
 namely that they should follow a geometric Brownian motion, as well as the potential 
 complexity associated with introducing a larger number of time periods to the model.  


The binomial approximation method developed by Copeland & Antikarov (2001) as a 
tool for valuing real options has drawn from the mechanics of the framework outlined 
above. This approach is to be demonstrated in the case study section of the paper. 
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2.1.3  Drivers of real option value 


Myers (1977) first used the term ”real options” as an analogy between the characteristics 
 of financial options, and options embedded in non-financial investments, with 


applicability in the context of strategic decision making.  


These options were to be understood as investment opportunities in real assets, which 
 should be obtainable by would-be owners depending on circumstances in market 
 impecfections and strategic interactions among competitors.  


Copeland and Antikarov (2001) mapped the key variables driving real option value, 
 which conceptually appear to very closely resemble their financial counterparts.  


-  The first of these is the value of the underlying asset, or the investment, at the 
 same time the option value is considered. An increase in the value of the 


investment leads to an increase in the value of the call option, or a decrease in the 
 value of the put option.  


-  Second, the exercise price, represents what is to be paid when exercising a call 
 option or what is received when exercising a put. Leslie & Michaels (1997) argue 
 this is analogous, for real options, to ”the present value of all the fixed costs 
 expected over the lifetime of the investment opportunity”.  


-  Third, option value increases proportionately to its time to expiration.  


-  Fourth, an increase in option volatility, which is expressed as the standard 


deviation of the value of the investment, makes an option more valuable, since it 
 increases the benefits which can be accrued from payoff asymmetry. This is 
 because higher volatility promotes an increased spread between the value of the 
 underlying asset and the exercise price of the option.  


-  Fifth, interest rate levels, representing the time value of money, increase the value 
 of calls and decrease the value of puts, because investors require compensation for 
 opportunity costs.  


-  Finally, dividends reduce call prices and increase put prices, since they are 
responsible for a reduction in value of the underlying asset. 
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2.1.4  Real options classification 


Unlike financial options, which are often designed to be used for a specific purpose, real 
 options are generally viewed in the light of their perceived utility, based on the structure 
 of their payoffs, as well as on the interpretation of the variables which determine their 
 value.  


A number of proponents of the real options approach have undertaken efforts to 
 conceptually classify real options, among which Trigeorgis (1996) has obtained the 
 following:    


-  First of all, there is the option to delay or stage market entry, which is particularly 
 valuable in the context of substantial uncertainty concerning demand, as well as 
 irreversibility of project investment. It could be argued that this type of real option 
 is similar to a call option on the project’s cash flows, with an exercise price equal 
 to the investment costs associated with the project. These types of options are 
 most relevant in the context of natural resource extraction industries or real estate 
 development, due to the long investment horizon and high levels of uncertainty.  


-  Second, there is the option to grow, which could for example relate to the constant 
 of a partial equity investment where the equity share can be increased at a later 
 date, perhaps as specified through a contractual agreement.  


-  Third, the option to alter scale refers to instances where it could be possible to 
 expand or contract the size of operations, regardless of which step in the value 
 chain it addresses. This could be done by means such as vertical or horizontal 
 integration, or even investments favoring organic growth. While the option to 
 expand is analogous to a call option, the option to contract is analogous to a put, 
 in the sense that there is a premium associated with the value of the lost capacity.  


-  Fourth, an option to switch can be taken into consideration, which can be 


exemplified by a change in the product offering or preffered choice of suppliers. 


This is a complex option, because it implies both cutting down on one side, and 
taking a long position somewhere else, thus involving different projects.  



(20)16 


-  Finally, the option to abandon allows firms to cut their losses short and liquidate 
 their positions, or simply take advantage of limited liability. The abandonment 
 option is analogous to an American put option, and should be exercised when the 
 value of the underlying asset is below that of the exercise price, which is the 
 liquidation value.  


Such classifications can be useful because they provide an intuitive understanding of 
 what could be a real option, however it is not suggested that this classification is 


exhaustive. Often times, those using real options logic will use different nomenclatures 
 when referring to types of real options, but this does not change their true characteristics. 


It should always be possible to break down complex options into more basic 
 subcomponents, so that it is possible to derive the function of options payoffs.  


2.1.5  Real options as used in practice 


It is rarely the case that an opportunity for investment contains a single embedded real 
 option, most likely there will be a situation where a number of them are held, 


inadvertently, as part of a portfolio.  


Because of this, it is possible that available options are interdependent, which implies 
 that their values are also different versus what they would have been if owned separately. 


For example, the value of an option to expand could be influenced by the value of an 
 option to delay invesment.  


Furthermore, the benefits brought by each of these types of options can vary in different 
 ways subject to changes in the variables at play, which makes for a non-static scenario 
 where a sense of managerial anticipation is highly valuable. For this reason, such option 
 interactions are crucial in making fully informed business decisions.  


Although it may not necessarily seem surprising, few instances are known where such 
reasoning has been formalized and applied methodically to a business case. Citing 
Becker (2005): ”Managers do not seem to use quantitative option models for foreign 
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direct investment decisions”. This paper will focus on demonstrating what type of 
 analytical reasoning is more likely to lead to better informed decision making, by 
 mapping out the ”big picture” type of perspective that real options analysis brings.  


Copeland & Keenan argue in the 2nd edition of 1998 of The McKinsey Quarterly 
 publication that managers often rely on their intuition despite numbers telling them to 
 take a different decision. They find managerial intuition to be correct, most of the time, 
 and that the fault for this contradiction lies with incorrect NPV models.  


Real options valuation will be presented as a complementary solution aimed at 
 addressing these faults of more conventional models, in situations involving high 
 uncertainty where high managerial flexibility is especially valuable.    


2.2  Real Options and Strategic Management  


2.2.1   International Business perspective 


Li and Rugman (2007) argue that the advent in real options theory has substantial 
 strategic implications for the choice of location and market entry of multinational 
 enterprises (MNEs). International business (IB) literature sees uncertainty as playing a 
 crucial role in the decision making processes of these firms. Theory concerning foreign 
 direct investment has undergone a change in paradigm by viewing uncertainty not only 
 as a source of downside risk, but also upside potential.  


The contribution of real options theory to this idea which may seem obvious in hindsight, 
 is undeniable. Reasoning behind investment decisions, particularly where and how firms 
 invest, has been the subject of IB literature scrutiny since more than four decades ago. 


Relying more purely on the transaction cost economics (TCE) foundation was the norm 
in days past, conclusions had been reached that had failed to take into consideration the 
impact option values had on capital investment projects. Namely, the value of flexibility 
is believed to not have been fully realized through the assumption of uncertainty, despite 
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extensive use of the concept of asset specificity. This can be attributed to the justifiable 
 focus on the consequentiality of opportunistic behavior, and how instances of hold-up 
 can be mitigated using internalization. High levels of uncertainty are seen as undesirable, 
 as it is a source of transaction costs, which makes for the argument that TCE has a bias 
 towards high-commitment modes of entry in the presence of uncertainty.  


Johanson and Vahlne’s (1977) internationalization model of the firm suggests that firms 
 enter foreign markets using low-commitment entry modes in times characterized by high 
 uncertainty, and make the high commitment decision as uncertainty fades. This is 


because firms perceive uncertainty as a characteristic of foreign markets which carries 
 negative connotation. Using the real options approach, firms are able to create value 
 from it by maintaining flexibility. For example, firms are able to take advantage of 
 flexibility in operations by changing locations of activities in the value chain such as 
 production, distribution or sourcing. (Buckley & Casson, 1998; Kogut & Kulatilaka, 
 1994a)  


Studies analyzing dynamic choices of entry mode considered timing optimality of 
 switching between the three modes of entry present in the OLI model. Buckley and 
 Casson (1981) had intuitively reached a conclusion similar to what real options theory 
 would predict, namely that firms do indeed have an incentive to postpone equity 


investments. Studies on market entry timing show that MNEs are more likely to exercise 
 options to invest when competition increases within markets, in an attempt to maintain 
 first-mover advantage. (Dixit, 1989) 


Initial assumptions underlying real options valuation are completeness of financial 
 markets and lack of arbitrage opportunities. This allows for replication of option payoffs 
 using portfolios of traded assets. Li (2007) makes a compelling argument for the merits 
 of real options valuation when actual market data is lacking.  


Nonetheless, a research gap has been identified in the applications of real options theory 
to literature in foreign direct investment. Li & Rugman have found through applying a 
basic real options model to a hypothetical investment decision that MNEs are more 
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inclined to invest in their home regions when they have better opportunities to generate 
 or exercise real options there.  


Furthermore, they have found that based on the type of uncertainty, firms can prefer high 
 or low-commitment investment modes. For example, when uncertainty is high and 


endogenous, joint ventures are likely to be the preferred mode of entry because they 
 provide valuable growth options for the MNE, as well as a potential reduction in 
 endogenous uncertainty. It’s viewed as a middle ground solution between export or 
 licensing, and a wholly owned subsidiary.  


The issue of whether joint venture agreements (JVs) represent real options does not yet 
 have a definitive answer. By and large, it is considered a possibility, but not a 


requirement unless so stated by a contract, that one partner is entitled to buy the equity 
 stake of another. 


Penrose (1959) had argued that ultimately, firm profitability, growth and survival depend 
 not as much on operational efficiency or such forms of competitive advantage, but rather 
 the firm’s capacity to establish units that give it adaptability, in the context of uncertainty 
 and change under competition.  


Sanchez (1993) has stated that ever-more-dynamic markets justify an increased need for 
 firms to nurture flexibility. He further explained that real options are a useful tool in 
 providing concreteness to the concept of flexibility, which is otherwise vaguely defined.  


This perceived lack of dynamism has been a source of critique for many theories in the 
 field of strategy, among which the capabilities view of the firm. Because of this, Teece 
 et. al. (1997) have stated that firms should develop so called ”dynamic capabilities”. The 
 relevance of the real options in strategy is also emphasized by Bowman and Hurry 
 (1993), who see the model as having direct impact on investment decisions. 


In the view of Foss, following the reasoning of Loasby, the primary role of firms is to 
provide options. This could lead to a hypothesis that the performance of firms can be 
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evaluated based on their capability to create options as a means to increase shareholder 
 value.  


This is to some extent reflected in current approaches to firm valuation, in the sense that 
 shareholders are willing to pay a premium for equity in firms which have higher 


perceived growth opportunities. However, very few are the observable instances where 
 analyses specifically targeting the real options available to firms have been conducted as 
 part of firm valuations processes.   


2.2.2  Path dependency of real options ownership 


It is crucial to stress the important differences between financial options and their 
 counterparts which are inexorably tied to real assets. Among the differences which are 
 most consequential for the choice in methodology of this paper is that unlike financial 
 options, many real options are illiquid and cannot be traded in financial markets.  


They are obtainable by heterogenous firms as result of resources or capabilities that these 
 already possess, and are often times non-transferable due to issues such as asset 


specificity or tacit knowledge, to name a couple of potential factors.  


Given that they are created as a byproduct of prior investment decisions, it can be argued 
 that there exists a so called ”path dependency” which results from having undertaken a 
 certain investment, but perhaps not going so far as to invoke a form of determinism. 


(Trigeorgis and Reuer, 2016)  


This is in line with the argument of transaction cost economics proponents that high asset 
 specificity leads to irreversibility of invesment decisions. In relation to the path 


dependency argument, there have been instances where theories in the field of strategic 
 management have been subject to critique due to alleged circular reasoning.  


Perhaps most notable has been Priem and Butler’s (2001) critique of Barney’s (1991) 
original paper outlining the resource based view. The paper’s logic was questioned, since 
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it could have been interpreted as tautological, given that it was perceived to fail to 
 explain why certain firms were more successful in building their portfolio of resources 
 than others. It would be more difficult to make this argument with regards to real option 
 theory, but the argument could be extrapolated through the connection which exists 
 between real options and firm resources, at a general level.   


This being said, it should not be taken for granted that certain strategic choices will 
 invariably lead to a predetermined opportunity set. Truth be told, firms must proactively 
 discover the options which lie before them, or those that they might create by 


undertaking certain investments. By not doing so, they could lose out on being able to 
 benefit from the same array of available chocies at a future point in time. Bowman and 
 Hurry (1993) have defined these possibilities that take up residence below the radar of 
 many decision makers as ”shadow options.” 


Furthermore, other significant differences make an argument for why commonly used 
 financial option valuation tools are not as good a fit for valuing real options. Among 
 these, characteristics such as time to maturity can not be defined in the same rigid, 


contractual manner. Put into context, by understanding that real options can be dependent 
 on the strategic interaction of firms, it becomes apparent that the window of opportunity 
 for exercising an option at a perceived strike price cannot be exactly foreseen, and is 
 subject to uncertainty.  


Similarly, as new options are generated by preceding investments, and the timing of 
these investments being uncertain, the exercise cost associated with undertaking those 
investments and generating the new options also represents an unknown. For example, 
the presence of transaction costs, such as ex-post bargaining costs, can diminish option 
value. (Chi, 2000)  
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2.2.3  Expected competitive response 


Exercising real options, particularly in the context of firms competing in oligopolistic 
 industries, is likely to have direct impact on the payoffs of rivals, in which case their 
 optimal responses should be considered beforehand. The strategic reaction view 


proposed by Hansen & Hoenen (2016) provides considerable insight on the topic of how 
 companies would rationally respond to the expected moves of their competitors, drawing 
 on reasoning from game theory.  


Research conducted on this topic is consistent in the treatment of uncertainty as a 


variable, where it is differentiated by taking into consideration its nature, namely whether 
 it is endogenous or exogenous. Regarding the latter, early iterations of financial models 
 were considered appropriate to a higher extent than is currently the case concerning 
 multiple sources of uncertainty. This is mainly due to the lack of enforceable ownership 
 rights which characterize real options in many business situations, excepting such 
 instances in which, for example, a product of R&D exists that is protected by a patent.  


However, Trigeorgis & Reuer (2016) argue that many options are shared by a number of 
 firms considering to invest in a certain market, and the exercise of said option by one 
 firm can diminish the value of waiting options held by the others, by having gained a 
 form of first-mover advantage. As the strategic reaction view points out, there is intuitive 
 reasoning behind why firms undertake certain investments early on, when it seems as if it 
 could be too much, too soon. This example is quite illustrative of the benefits of 


commitment in the detriment of flexibility, although it does not fully capture the 
 complexity of variables at play with regards to this tradeoff.   


Not only this, but also available opportunities for disinvestment affect the value of 
waiting options, since investments which exhibit higher degrees of irreversibility 
represent more of a financial and strategic commitment than those which can be more 
easily undone. If projects can be easily traded in such a way that the proceeds cover the 
investment value, waiting to observe evolution of market demand is less beneficial, 
therefore the lower option value.  
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Through the work of Dixit and Pindyck (1994), it can be concluded that the value of 
 waiting options hinges on demand uncertainty and investment irreversibility. How these 
 variables interact with one another is uniquely addressed by real options theory.  


2.2.4  Integrated view of real options analysis 


The recent work of Trigeorgis and Reuer in the strategic application of real options 
 theory functions as a comprehensive glossary of work undergone in the field to this 
 point, as well as the challenges currently being faced. Their view on the connections of 
 the theory with strategic management issues is centered around two underlying trade-
 offs: that between commitment and flexibility, and between competition and cooperation. 


Through this, a mechanism able to determine optimal strategic decisions should become 
 available. 


There are many overlaps between this structuring and the line of reasoning present in 
 other real options models, but form does matter with regards to showcasing effects. The 
 concepts of ”staging” investments and first mover advantage are embedded in the 


commitment-flexibility tradeoff. Although outlooking, it could be argued this part of the 
 model has an endogenous focus, whereas the other, which regards competitive strategy, 
 is more exogenously oriented. Through uncertainty, competing theories can be compared 
 to and integrated within each other. 


Real options analysis as an integrated process is to be conducted in three subsequent 
 stages, addressing different, but interdependent issues:  


-  First among these is structuring the problem, which facilitates identifying 
 uncertainties and decision points, which can be mapped into a decision tree.   


-  Second, DCF analysis should be used to determine base-case NPV, which is then 
built upon when considering the value added by active management through the 
flexibility which real options generate.  
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-  Lastly, after the points of option impact on valuation have been identified, a 
 planning phase determines what decisions should be made, depending on future 
 outcomes.  


With regards to the various approaches adopted by real options theorists, they can be 
 broadly classified into three categories, the first of which is real options reasoning 
 (ROR). Trigeorgis (1996) views ROR as an expression of logic and intuition, relying 
 mainly on verbal theorization. It is used prevalently in strategy because real options 
 valuations are sometimes inaccessible and conceptual explanations fulfil the role of 
 filling this vacuum.  


Investments undertaken using this approach exhibit a tendency not to penalize projects 
 from the perspective of their perceived feasibilitty when they can be characterized by 
 high degrees of uncertainty. Instead of not going forward with them, the line of thinking 
 it promotes is staging them, to limit downside losses, whenever possible.  


This acts as a check for managers who have to actively keep themselves aware of 


instances where they can create value by not going all in. In a related point, this approach 
 also encourages managers not to put all their eggs in the same basket, and diversify their 
 investment portfolio by making incremental investments in a series of projects of a lesser 
 scale, rather than investing big in a fewer number of projects at one moment in time.    


Another approach used to integrate a real options perspective into strategic decision 
 making is real options valuation (ROV). As the name suggests, this method is commonly 
 applied by practitioners of finance to quantify the value of real options using model 
 simulations. In contrast to the emphasis placed on qualitative reasoning in the ROR 
 approach, using such models is beneficial because it is a more transparent and precise 
 process.  


These two characteristics are highly desirable for decision makers who need to be able to 
rely on more than intuition alone when stakes are high for project success. What they 
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need is a replicable process, which should be more objective than what is derived from 
 their reasoning alone. 


A formal mathematical model should be used to evaluate capital investment 


opportunities because it provides a yard stick upon which to measure the viability of 
 projects independently. By making a process replicable, an added benefit is that more 
 people can be taught the methodology and facilitate knowledge dissemination. This 
 could mean that more employees in an organization are able to make better decisions, 
 leading to improvements in productivity and added value.  


This approach is more demanding of the user in terms of being highly specific with 
 regards to assumptions made, and can be more revealing with regards to existing 
 interdependencies between model variables. However, it is often the case that these 
 assumptions, despite having to be made, are not an accurate representation of reality, 
 which seldomly obeys the constraints of parameters we can set.  


This is what keeps simulations from ever becoming more than just that, simulations, as 
 opposed to accurate representations of reality. Nonetheless, empirical research, for 
 example Moel & Tufano (2002), claim that real options valuation can be a better proxy 
 than discounted cash flow analysis under a series of conditions. 


Last but not least, as a response to the growing distance between the rigor of valuation 
 models and the realities faced by decision makers in strategic management, academics 
 have developed a so called behavioral perspective on real options. This approach serves 
 the purpose of a reality check to those willing to promote real options theory, in the sense 
 that it highlights potential causes which may promote unsuccessful implementation. 


Among such realities may be included innacurate information at the time of decision, or 
an inability to recognize existing shadow options. Whereas financial options are defined 
by terms agreed upon by contract ex-ante, the vagueness of real options terms make them 
less actionable. The relevance of this perspective is defined by the goals we set when 



(30)26 


developing real options theory, more precisely that the set of assumptions we use 
 determine the degree of applicability for a reasonably rational decision maker.  


Adner and Levinthal (2004) distinguish from the known violations of strict real options 
 assumptions by the methods proposed for their application, and violations stemming 
 from organizational processes. They argue that real options logic is strained regarding 
 applications to strategic opportunities, since boundaries between investment stages 
 become blurred. In such instances, ex-ante specification of option exercise conditions 
 might not even be possible or desirable: a negative outcome, they argue, should not lead 
 to the conclusion that a particular endeavor would not be successful under different 
 conditions.  


With regards to implementation planning, imposing a rigid structure for abandoning a 
 project might result in suboptimal decision making. Then again, newly discovered 
 information can lead to the development of new projects, previously not considered in 
 the ex-ante real options analysis. This has led to the discovery of so called ”option traps”, 
 fallacies which lead to improper execution of abandonment options.  


Adner & Levinthal also recognize the effect of divergent managerial incentives and 
psychological biases (sunk costs, escalating commitments, overconfidence, hiding 
failure), for example between a manager responsible for a given project, and another 
whose responsibilities are related to a broader portfolio of projects, including the one 
previously mentioned. In the case of the former, it could be that his/her career could 
depend on the project’s success, or information may not be fully available as to the 
nature of other ongoing projects within the portfolio. Management and control systems 
must be properly designed as to mitigate risks of agency problems. 



(31)27 


2.2.5  Tradeoffs and the effect of uncertainty 


Strategy research has for a number of years been concerned with a broad array of 
 thematics overlapping with the scope of real options theory, captured by different types 
 of options, to be studied individually so that our understanding is thorough with regards 
 to their boundaries. Such convergence should be capitalized upon by connecting the dots 
 to where strategic management theory, in a general sense, and real options theory, can 
 contribute to each other’s development. The concern of strategy as to what is the source 
 of heterogeneous firms’ competitive advantage has led to the emergence of a number of 
 theories emphasizing different perspectives as paramount.  


Among these, the industry-based view, as defined by Porter’s Five Forces model (1979),  
 the resource-based view (RBV) of Penrose (1959), the perception of knowledge as 


primary resource (Kogut & Zander, 1992), although not a theory in itself, and the 
 dynamic capabilities view of Teece et. al. (1997). As much as these theories are used as 
 analytical tools intended to disaggregate and formalize complex problems, the subject of 
 their analysis is fundamentally the same, what differs being the focus. As an analogy fit 
 for describing this phenomenon, one could say strategic management literature teaches 
 its scholars to observe cut, polished diamonds one facet at a time, as opposed to studying 
 them as a whole.  


Real options theory has the potential to be used as a stepping stone towards developing a 
 single strategic theory of the firm. Knowledge, for example, in the view of Kogut and 
 Zander, can be envisioned as a portfolio of options upon which to develop future 


endeavors.  Capabilities are, themselves, developed through learning, and as knowledge, 
 they can be achieved through choosing to exercise a particular set of options.  


How firms choose to learn and acquire knowledge will lead to a different set of future 
 options that they will choose whether to exercise. For example, should a pharmaceutical 
 company choose to invest in research and development for a new drug, and the effort 
 demonstrate fruitfulness, the company will have increased its knowledge and 


capabilities, as well as having generated an option granted by its intellectual property 
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rights on the new drug. Even though others could potentially reverse-engineer their 
 product, monopoly rights should serve as protection until the patent expires.  


As others may be better suited to carry on activities further down the value chain, the 
 company could sell the rights to market the product and invest somewhere else. This 
 option, however, is conditional on the initial investment decision to develop the product 
 in the first place. Such is the type of flexibility that allows active management to 


generate added value for the shareholders of their firms.  


The early view of firm market power within an industry determining competitive 
 advantage has been challenged by the advent of numerous disruptive business models. 


Not only this, but so has the view of firm competitive behavior, through the shift towards 
 increasingly networked strategic environments (Tikkanen & Halinen, 2003). Such 


increasingly evident cooperation among firms is being driven by the growing importance 
 of knowledge and the fastly changing business environments. The possibility of 


cooperation in this context is viewed as a source of firm flexibility under conditions of 
 uncertainty, leading to what has become known as a strategic network theory.  


As it becomes understood that relative competitive advantage can emerge from a number 
 of different sources, real options theory seeks to determine the optimal choice under 
 uncertainty by analyzing a firm’s position vis-a-vis two distinct tradeoffs: that of 
 commitment versus flexibility, respectively competition versus cooperation.  


This should not be viewed as a singular position which is to be assumed by a company, 
 or a guiding principle which its management believes it should follow in when making 
 decisions. Rather, it is a dynamic process through which firms are able to adapt to 
 changes in the environment which they face. The degree of effectiveness which they 
 exhibit in doing so determines their adaptive capability, also reflecting how they 
 acknowledge that competitive advantage is forever changing given market dynamics.   


Uncertainty as a variable has at a conceptual level been treated heterogeneously by 
theoretical paradigms. Initially used by Ronald Coase to discuss the ”costs of using the 
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price mechanism” (1937), transactions cost economics (TCE) has been popularized by 
 Williamson (1981) and has gained traction as a mainstream theory in the theory of the 
 firm due to its treatment of the assumptions of information asymmetry, imperfect 
 contracts and opportunistic behavior under uncertainty.  


Broadly speaking, it made understood how incentives which were not aligned coul lead 
 to added costs, such as those arising from hold-up situations. When such costs were 
 significant, Williamson claimed that market transactions would be replaced by a form of 
 hierarchy through a process known as internalization. Ronald Coase used this line of 
 thinking 80 years ago to answer a fundamental question, namely: ”Why is it that there 
 should be firms?”  


Coase asked himself why individuals should not go to the market place every time there 
 was a need for a transaction to be completed. His answer: transaction costs, associated 
 with issues such as hiring people, negotiating prices and monitoring that contracts are 
 enforced. But then again, why is the world not one giant firm, transacting among itself? 


The answer, yet again, was that transaction costs also tended to increase within 
 hierarchies as they got bigger, primarily due to lower-powered incentives as well as 
 difficulties in coordination at such a large scale. This is the reason for which centrally 
 planned economies are most often viewed as disasters, for that matter.  


His theory has been able to successfully explain why emerging economies feature so 
 many successful holding companies: it is because the transaction costs associated with 
 using the market for completing transactions are higher than in more developed 


economies. (Economist, 2010) Although the answer is only partial to his fundamental 
 question, the reasoning of his theory has been invaluable to understanding firm 


boundaries. We now know that at least part of the reason for which firms expand their 
 subsidiary networks internationally is to deal with additional costs that would be borne 
 out of market based transactions such as licensing agreements (Caves, 2007).  


Like pieces of a puzzle, complementary theories are able to integrate additional 


perspectives that provide a fuller answer to the dilemma of Ronald Coase. Real options 
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theory accentuates the benefits of being able to deploy resources across markets to access 
 available opportunities, and take advantage of asymmetric payoff under uncertainty to 
 limit risks.  


Hence, being able to capitalize on flexibility under increasing uncertainty is another 
 explaining factor in why there should be firms, since there is value in being able to 
 choose the markets in which it is most preferable to invest, or disinvest, at a given time. 


In this context, uncertainty is not something to be avoided, because by not being exposed 
 to it there is no room for pleasant surprises to occur.  


Uncertainty is what makes options valuable, and understanding what options are worth is 
 important in order to understand which options must be strategically developed. 


Trigeorgis (1996) explains that firms perform depending on their adaptive capabilities 
 and how they actively manage their option portfolios.  


Industry level factors such as those identified by Porter can shape firms’ decisions 
 regarding the tradeoff between flexibility and commitment. Certain oligopolistic 
 industries, particularly those exhibiting high degrees of concentration and where first-
 mover advantages are important, may favor commitment over flexibility as a means of 
 taking advantage of economies of scale and scope. Commiting to a market by means of 
 large-scale investment can serve to deter rivals from investing, as they might not be able 
 to match the size of the stakes. On the other hand, smaller scale, staged investments 
 create options which serve future growth opportunities, driving firm flexibility.  


An interesting point which can be demonstrated numerically is how the option to defer 
 can lead managers into postponing investments forever, as Expanded-NPV can turn out 
 to be higher in later years given that you get to see market developments and avoid 
 losses earlier on.  


However, by defering an investment, you also forgo the learning which would have 
resulted from being an active participant as opposed to a bystander, as well as the options 
which would have been created by means of investment, therefore resulting in another 
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tradeoff. Should uncertainty rise, so would the value of these options, countering 


potential negative developments of the economic environment. Folta and O’Brien (2004) 
 identify this effect as the non-monotonic effect of uncertainty on investment.  


The tradeoff between competition and cooperation is no longer an issue of one or the 
 other. Numerous examples from even some of the most competitive industries 


worldwide demonstrate how firms can sometimes leverage working together while still 
 competing for their share of consumers’ spending, such the joint purchase of Here Maps  
 from Nokia by Daimler, BMW and Audi, for EUR 3bn. (Forbes, 2016) 


The pooling of resources makes perfect sense if the premium German auto-makers are 
 able to share costs in developing new technologies and increase their presence at the 
 expense of other rivals and their substitute product offerings. It is yet not fully 


understood under which circumstances it is beneficial for firms to enter such cooperative 
 agreements as opposed to maintaining a strictly competitive mindset.  


The resource-based view has emphasized the make-or-buy decision as means of 


acquiring resources. However, it is accepted they can also be obtained through leasing or 
 sharing, granting both sides of the transaction a higher degree of flexibility. In this way, 
 firms are able to access complementary technologies or generate rents which would 
 perhaps otherwise not be possible through acquisition or internal development. Real 
 options theory is unalike mainstream theories in strategic management literature due to 
 its approach towards uncertainty as bonding element for all other variables.  


The early view of industrial organization theory disregards uncertainty stemming from 
market demand, while transactions cost economics treats uncertainty as a leveraging 
factor for opportunism. When opportunistic behavior is widespread and asset specificity 
is high, the costs of contract negotiation and monitoring also increase. Real options 
theory differs in this respect by claiming the solution to addressing increasing 
uncertainty does not have to be increasing internalization.  



(36)32 


There are inherent difficulties in discerning which approach to real options offers more 
 valuable insight. Results of mathematical models are difficult to dismiss, but the 


processes through which they are obtained can require a non-negligible degree of 
 subjectivity.  


Integrating assumptions such as bounded rationality, for example in instances where 
 shadow options need to be identified, further complicates the task of reaching the proper 
 decision to be made. However, such complexities are not uncommon in valuation 


methods which are widely used today, such as DCF analysis.  


A research gap has been identified regarding the analysis of project-level real options 
 cases, albeit preferably employing primary data. (Trigeorgis & Reuer, 2016) This would 
 be ideal for the purpose of answering the main research question of this paper, given how 
 the methodology would reveal details of the decision-making process or actual 


investment decisions.  


As non-confidential primary data is difficult to obtain for relevant ongoing international 
 projects, particularly in environments characterized by high degrees of uncertainty and 
 asset specificity, its absence is accepted as an inherent limitation of this study. 


Nonetheless, there is enthusiasm in the opportunity to analyze both qualitative and 
 quantitative factors respective to an investment decision which is appropriate for the 
 application of real options theory.  


As real options valuation models are most applicable to single projects, so can strategic 
 issues better be observed when not clustering together a number of sources of return. 


Furthermore, such type of research will help uncover costs associated with using real 
options actively, from an organizational perspective, as well as better understand existing 
sources of uncertainty. 
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3  Overview of approaches to project valuation 


3.1  Basic valuation concepts 


According to Trigeorgis (1996), capital budgeting is an analytical procedure used by 
 managers to allocate resources among a firm’s investment projects, which requires for 
 them to be valued and prioritized accordingly. This is done by determining the net 
 present value (NPV) of free cash flows to be generated during the lifetime of the 


projects, usually through a methodology known as discounted cash flow (DCF) analysis. 


The net present values to be generated by individual projects can be interpreted as the 
 increase in shareholder wealth that is expected to be obtained, should they be accepted. 


The degree of riskiness is taken into account using a discount rate, commonly the 
 weighted average cost of capital (WACC). WACC is computed as: 


   
 where  


-  WACC, or r, is the cost of capital and the discount rate for the average project 
 -  requity is the cost and expected return on equity 


-  rdebt is the cost and expected return on debt 
 -  E is value of firm equity 


-  D is value of firm debt  
 -  V is market value of the firm 


Based on the above information, it can be observed that WACC should function as a 
proper discount rate for projects with a risk profile which is to be considered typical for 
the firm. (Brealey & Myers, 2003)  
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Put into context, it is highly likely that an investment in Research and Development 
 (R&D) for a new product or technology will be riskier than an investment in developing 
 additional capacity to satisfy increased market demand for a product. The use of debt 
 financing can introduce certain tax benefits, since interest payments reduce the profit 
 base, therefore providing what is generally referred to as a ”tax shield”, but this issue is 
 considered secondary in nature. 


Irving Fisher’s separation theorem states that a firm’s investment decisions are separate 
 from decisions pertaining to financing, and also that choice of investments are separate 
 from the attitude of shareholders towards the investment. (Fisher, 1930) In effect, the 
 goal of maximizing firm value has priority over other concerns, and according to Fisher, 
 means of financing do not determine firm value. 


For assessing project risk, a common method for calculating cost of capital is the capital 
 asset pricing model (CAPM). Given that investors only require compensation for risks 
 that cannot be mitigated through diversification, risks that are characteristic of the 
 market, also referred to as systemmatic risk, the CAPM determines expected returns for 
 assets. CAPM is computed as: 


In the above equation,  


-  E(ri) represents the expected return on the investment 
 -  rf represents the risk-free interest rate  


-  rm represents the returns on holding a market portfolio  


-  βim, beta, is a measure of a project’s relative volatility compared to the market 
Simply stated, the terms which comprise the CAPM address two things. First of all, 
investors are compensated for the time value of money by the risk free rate, which is 
generally the yield of a government bond such as the United States Treasury’s.   
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The second term in the formula determines the additional compensation needed for 
 taking on project risk, or a risk premium. It does so by using the risk measure, beta, to 
 compare the relative volatility of project returns to those of the market, and a market risk 
 premium to compute the return of a market portfolio over the risk free rate. Beta is 
 computed as follows: 


In the above equation, Cov (ri,rm) represents the covariance of investment returns with 
 returns of the market, and Var (rm) represents the variance of market returns. In the 
 CAPM model, the beta coefficient is the single metric for measuring riskiness. For 
 individual projects, where the beta cannot be determined by applying the above formula 
 using stock price volatility, an estimate can be computed using betas of firms whose 
 typical projects are similar to that which is being valued. 


Once a risk measure has been determined, DCF analysis can be used to determine the 
 present values of expected future free cash flows, and determine project value. NPV is 
 computed using the following formula: 


In the above formula,  


-  I0 represents the cash outflow of the investment at the time the investment is made 
 -  E(FCFt) are the expected values of free cash flows at time t  


-  ri is the computed discount rate which captures the dimension of risk 
 -  n is the number of time periods to which the investment applies.  


The assumption built into the DCF capital budgeting technique is that the investment 
being analyzed will continue as expected throughout its lifetime, without incorporating 
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