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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.  
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- 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 
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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. 
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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 

http://www.economist.com/node/17730360
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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.  

https://www.forbes.com/sites/dougnewcomb/2016/06/27/inside-audi-bmw-and-daimlers-3-billion-bet-on-heres-mapping-business/#6f5886186343
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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.   



35 
 

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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new information as it becomes available. Through this assumption, the DCF model can 

be characterized as static. Furthermore, projects which are more uncertain, as measured 

by beta as risk metric, are more heavily discounted , resulting in a tendency of the DCF 

model to promote investment opportunities which are ”safer”. This can mean 

underinvesting in risky projects, where upside potential is more pronounced.  

A proposed step forward from this method is real options analysis, which offers an added 

degree of dynamism by mapping out future outcomes for when new information 

becomes available, as well as flexibility to respond to contingencies by exercising the 

right to change course of action. This flexibity adds value where it is present, which 

should be accounted for as to optimize the capital budgeting process. 

 

3.2  Introduction to real options valuation  

Often times, managers go against what the NPV numbers tell them they should do, and 

listen to intuition instead. Copeland & Keenan claim, in a 1998 study published in the 

McKinsey Quarterly, that the issue is not with managerial intuition, but with the 

decision-making tools managers have at their disposal.  

Real options valuation presents itself as an alternative to these tools, able to better 

address this issue under conditions of uncertainty where a high degree of managerial 

flexibility is required. NPV should provide an accurate answer at the time of making a 

decision if uncertainty is perceived to be low, or more generally when it is implied that a 

change in course of action will not be required.   

It is acknowledged that such real options can be difficult to observe, making them 

difficult to use. For example, life insurance companies 50 years ago looking to increase 

their policy volumes had been unwittingly granting their customers an option to borrow 

at a fixed rate based on the value of their policies. As interest rates had risen, many of 

these insurance were forced into bankruptcy by not fully understanding the value of the 

option they were incorporating into their contracts.  
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Imagine a scenario where a commercial real estate development company had the 

opportunity to invest in a new project worth EUR 30m, but there is demand side 

uncertainty that can compromise the viability of the project.  

Should the company have the right to stage the investment, EUR 3m this year and EUR 

33m the next, at a cost of capital of 10%, it could be worthwhile exercising the option, 

despite the higher combined present value of the project’s cost and the option’s 

premium.  In this instance, the increase in cost present value can be interpreted as a cost 

of creating the real option. The value of the option, however, can be much higher than 

the premium required to acquire it, since it offers its holder the chance to observe the 

market’s development. 

Assuming a two-state possible outcome, where there is a 50% chance of the project 

being a success, generating income with present value equal to EUR 44m over the life of 

the project, and a 50% chance of the project being a failure, with income only worth 

EUR 3m, the resulting NPV will be negative EUR 6m, making the project a no-go.  

However, by choosing the staged investment instead, they are able to learn from the 

initial investment and lose only that should the market evolve negatively, or commit with 

the full amount should it be better understood that the investment is worthwhile. The 

present value of the cost under the favorable scenario is EUR 30m and the payoff is EUR 

40m, giving a profit of EUR 10m. Hence, the value of the project will be equal EUR 2m: 

the average of the profits in the two scenarios, which is EUR 5m, minus the cost of 

staging the investment, which is EUR 3m at the time the of the decision. 

The point made by this simple example is that it is possible to conduct real options 

valuation by using decision trees. However, these results will likely be far from accurate 

because using an average cost of capital does not take into account differences in 

riskiness between the option and the underlying asset.  

Valuation is surprisingly more difficult in practice than it would initially appear. 

Discounted cash flow analysis has been the golden standard upon which other methods 
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were measured against. Copeland and Keenan (1998a) identified four criteria which 

assess the completeness of valuation tools, namely, if the tool is:  

1) Cash flow based  

2) Risk adjusted  

3) Multi-period  

4) Whether it captures the value of flexibility   

DCF does not consider managerial flexibility, the methodology implicitly assuming that 

management act according to the outlook available to them at the time of the valuation.  

Real options valuation is the only known method which satisfies all these criteria, and is 

particularly useful in instances where NPV is close to zero, and when uncertainty is high, 

with management possessing the ability to adequately respond to changes in course. In a 

mature industry, characterized by a predictable business environment, DCF will likely 

capture enough information about a project’s true value as be considered an appropriate 

valuation method.  

For projects characterized by high uncertainty, such as research and development 

initiatives, real options valuation shows its strengths. Given that investments are likely to 

be staged, and cut off, deferred, or increased at any time between stages, real options 

valuation should be much preferred over DCF.  

Linking to the concept of path dependency, deciding to undertake an investment in R&D, 

if successful, will lead to not only being able to take the product to the market, but also 

to further develop the product or others based on the fruit of the research. This is a 

compound option referred to as a growth staircase (Copeland & Keenan, 1998a). 

Learning options are present when it is possible for a firm to invest in extracting more 

information about a variable responsible for uncertainty, and be able to use that 

information to influence the decision to invest. When a manager ponders whether to 

defer an investment, it would be wise to also factor in the opportunity cost of exercising 
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a learning option, if available. Flexibility of active management acts as a means of 

reducing risk and ultimately, creating value. More than anything else, real options 

valuation is a powerful tool for decision makers at an individual project level. 

 

3.2.1 Idiosyncratic approaches to real options valuation 

Adam Borison of Stanford University acknowledges the rising popularity of real options 

as valuation and strategy tool beginning with the 1990’s. However, it is also apparent 

that widely differing approaches make applications difficult for practitioners.  To this 

end, he evaluates the usefulness of the various approaches. 

First, the classic approach, used in Amram and Kulatilaka (1999), refers to the 

calculation of what incremental investments would be worth if traded in capital markets. 

They make the distinction that real options analysis is appropriate when there are staged 

investments, in the context of high uncertainty, and where there are opportunities for 

learning. Their model assumes that a replicating portfolio can be constructed, which 

would mimic the returns of the option. Furthermore, it assumes that asset prices follow a 

random walk.  

Copeland et. al. (1994) state that their approach to real options analysis is based on the 

replicating portfolio assumption, and that it combines features from net-present value or 

decision tree analysis approaches, namely the use of perfectly correlated securities and 

decision nodes. Borison (2003) notes how their view has since changed, also noting how 

there is little empirical evidence pointing towards high degrees of correlation between 

individual projects and traded stocks, making the argument for the replicating portfolio 

assumption weak.  

This view is supported by Brealey and Myers, whom argue that since many assets are not 

freely traded, arbitrage arguments cannot warrant for the use of option models. Applying 

real options analysis using this approach is conducted in a direct manner, by calculating 
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the price and volatility of the replicating portfolio, sizing the investment, and applying 

the Black-Scholes option pricing model.  

Second, the subjective approach is also based on a no-arbitrage assumption, but differs 

from the classic approach through the nature of its inputs, which, as the name suggests, 

are subjective. Luehrman is a main proponent of this approach, arguing in his 1997 

article that valuation of “opportunities” should be done using real options.  

In this context, the term refers to a class of investments where the reasoning behind the 

initial investment is not to generate cash flows, but rather to generate additional options. 

This approach also generally implies the random walk assumption, without placing 

emphasis on the implications of its use. By using the Black-Scholes options pricing 

model, the assumptions made by the model are also implicit.  

Luehrman goes as far as stating that when these assumptions are not met, the results still 

offer qualitative insights, despite the output being unreliable. Inputs to be used in the 

model are often not available using market data, which is why this model relies on 

subjective inputs. For example, the value of the asset can be obtained using a discounted 

cash flow model, or a multiples valuation, as opposed to a current stock price, which 

leads to a situation where outputs are obtained from a model within another model.  

Although the DCF-resulted proxy for market value could be quite accurate if performed 

correctly, the use of a subjective input alongside the replicating portfolio assumptions is 

peculiar. In order to reach end results using this approach, it is necessary to first 

subjectively approximate price and volatility, and then use them as parameters in the 

Black-Scholes model. In summary, the challenge of finding an appropriate replicating 

portfolio in the classic approach is replaced with the challenge of coming up with 

subjective inputs that are valid and accurate. (Borison, 2003) 

A third approach to be considered is the Marketed Asset Disclaimer (MAD) approach. It 

is independent of an existing replicating portfolio, arguing that assumptions applying to 

DCF analysis are also appropriate for the more flexible real options approach. This view 
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has been assumed by proponents including Copeland & Antikarov (2001), as well as 

Trigeorgis (1999) or Brealey & Myers (2000).  

Copeland & Antikarov had gone so far in their faith in real options analysis as to state 

that its popularity would surpass that of NPV within ten years, which we can now tell has 

not happened. Copeland & Antikarov present the method of using the project without 

option flexibility as the twin security to be used in pricing the option. Therefore, the 

NPV of the project is used as a proxy of its market value, if it were traded.  

Data inputs for the real options model using this approach are therefore subjective, with 

the exception of the discount rate to be used in the NPV calculation. This eliminates the 

awkwardness of the replicating portfolio assumption alongside subjective inputs, as in 

the previously mentioned approach, ensuring a level of consistency in the approach.  

A binomial model is used to calculate option values, and in order to do so one must 

assume asset values follow a random walk pattern, using the conclusion of the famous 

paper by Samuelson (1965). This random walk is itself a simulation of how the asset’s 

price would behave in the circumstance of being traded on a stock market. The 

fundamental reasoning adopted by Copeland & Antikarov is that by using these 

assumptions, the scope of real options analysis’ applicability is greatly increased.  

An added benefit, which is crucially important in relation to the scope of this paper, is 

that the approach is much easier to understand from a manager’s perspective, according 

to Copeland & Antikarov (2001, p. 415). Borison acknowledges the validity of these 

claimed benefits, but casts doubt on whether the wider application is, nevertheless, 

correct. In order to apply the MAD method, it is first necessary to calculate cash flows 

and associated project NPV using a DCF model including a CAPM based Beta.  

A subjective estimate of volatility is required, which can then be used to map out a risk-

neutral binomial model to ultimately value the option, comparing to base-case NPV. 

Borison (2003) further adds that the main disadvantage of this approach is how the use of 

subjective inputs removes the model’s anchor to reality, despite consistency of 
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calculations. In the defense of the model, its proponents acknowledge from the very 

beginning that the assumptions being used are the same and used for the same reason as 

those behind the discounted cash flow analysis, versus which it is intended either as an 

alternative or a complement.  

The term “revised” is coined to describe a second iteration of the classic approach, 

whereby it is recommended that real options be used in instances where investment 

opportunities are characterized by a high degree of market risk, and decision analysis to 

be used where there is high private risk, which must be evaluated subjectively.  

Main proponents include Dixit & Pindyck (1994) and Amram & Kulatilaka (2000), who 

provide an exemplification of investment types characterized primarily by each type of 

risk: in their view, R&D investments, particularly in the pharmaceutical industry, are 

characterized to a larger extent by project specific risk, whereas oil and gas investments 

are a relative source of more market exposure to risk.  

The mechanics of this approach are differentiated by the two investment types, in the 

following way: Once it has been determined whether a project’s risk source is one or the 

other, the classic approach is the way to go for addressing market risk, and decision 

analysis for private risk. The latter approach implies the use of a decision tree, and 

subjective evaluation of risk probabilities and values. Weighted average cost of capital is 

to be used at each node for determining NPV, which can then be used to decide on the 

appropriate course of action. (Borison, 2003)  

This approach is far more complicated to use than those we have considered so far, given 

a twofold challenge: first of all, the assessment of risk types, and second, having to deal 

with either the challenges of the classic approach, or with elaborating subjective inputs 

for the decision analysis model, on a case by case basis.  

Descriptions of these complicated approaches are summarized for the purpose of a 

general understanding of alternatives available to would-be practitioners, and they are by 

no means intended as comprehensive introductions into their application. Finally, an 
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integrated approach is presented in the paper by Borison, which is described by 

proponents Smith & Nau (1995) and Smith & McCardle (1998) as an integration of 

options pricing and decision analysis.  

This approach is unique in its attempt of addressing both sources of risk for all projects 

to be valued, however, is it by far the most complicated which means it does not satisfy 

the basic criteria for ease of use intended for the scope of this paper. Copeland & 

Antikarov (2005) note the implementation issues for this method in particular. 

 

3.2.2 Need for a unified approach 

Understanding critique such as that demonstrated in the work of Borison, Copeland & 

Antikarov (2005) have taken a step forward in the struggle of academics to achieve 

consensus on methodology. In their view, such framework should benefit from a form of 

conceptual superiority over its peers.  

Using an example of a firm which has won the right to extract oil offshore for up to five 

years, they identified several advantages of using real options valuation as opposed to 

other known valuation methods:  

- first, one number would comprise the value of the entire option, as opposed to a 

separate valuation for undertaking the project in each of the years;  

- second, the value previously determined will be greater than any of the individual 

NPV valuations, as they disregard the value of flexibility;  

- third, the real options approach incorporates the effects of uncertainty through 

measures such as the volatility of the price of oil, which is exogenous 

- finally, the resulted decision tree in the real options approach will offer guidance 

as to under which circumstances, depending on the evolution of the uncertain 

variables, exercise will be favorable 

Furthermore, it is argued that use of the Black-Scholes-Merton option pricing model has 

its disadvantages, because it assumes the project has no cash flows, and does not cope 
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with negative NPVs, nor does it accommodate return patterns not corresponding to 

geometric Brownian motion. 

It is suggested that the mathematics involved should be sufficiently simple for 

practitioners to comprehend. What comes to mind, however, is the usefulness of the 

relatively complex Black-Scholes-Merton model, in valuing financial options, which 

does not necessarily fulfill the condition of its end-users understanding its inner 

workings. Another suggestion is that real options approaches should be arbitrage free, or 

that it must follow the replicating portfolio assumption, which decision tree analysis 

overlooks, maintaining the same risk-adjusted discount rate throughout. Claimed 

superiority of one approach versus another should also be backed by empirical evidence. 

Tests cited by the two authors showed real options approaches to more closely mirror 

actual outcomes. 

Copeland & Antikarov acknowledge the difficulty of assessing the appropriate level of 

riskiness for a project. It is paramount to be able to include relevant information about 

risk parameters in the model, both exogenous and endogenous, which determine project 

value. This is captured by the volatility of project returns, as key input of a real options 

model. The potential pitfall of using inappropriate subjective estimates can be mitigated 

by accurately incorporating information from market prices, such as correlated securities 

or output prices which are available on the market.  

When this is the case, the potentially complex process of accurately determining the 

volatility of a project’s returns can be greatly simplified, facilitating dissemination to 

practitioners. The valuation process itself becomes much more straightforward when the 

aforementioned variable, together with the project’s cost of capital and the risk free rate 

are known. It is demonstrated that risk is influenced by real options exercise, which 

mandates for the use of risk neutral probabilities.  

Uncertainty is the key variable in terms of impact for the two valuation methods, the 

static NPV approach and real options valuation. The presence of real options adds most 

value to projects subject to a high degree of uncertainty, whereas it would only increase 
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perceived riskiness in the static approach, not recognizing the value of managerial 

flexibility. 

The following five-step approach is ultimately proposed by Copeland & Antikarov 

(2005) as the preferred methodology to be used when conducting real options analysis, 

and shall be detailed upon in the case study section of the paper, which immediately 

follows: 

 

 

4 Case study – Apple Inc. Project Titan 

 

4.1  Background 

The automotive industry is believed to have entered a transition period where propulsion 

will be provided increasingly less by the internal combustion engine (ICE), and more by 

alternative means such as electric powertrains. This is a consequence of increasingly 

stringent regulations on fuel emissions aimed at reducing the carbon footprint of our 

transportation needs.  

Internal combustion engines are nearing the technical limits of what can be achieved in 

terms of energy efficiency, which is conditioning more and more manufacturers to invest 

in more sustainable propulsion technologies, nevertheless suffering from an array of 

shortcomings. National governments further encourage consumers to become early 

adopters of these new product offerings, through means such as economic incentives in 

the form of direct product subsidies or tax reductions, where applicable.  
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As more conventional automobile manufacturers exhibit a tendency to act cautiously 

when moving away from established business models to more innovative ones, certain 

new entrants have decided it should be their mission to provide consumers with 

revolutionary products that fulfill their needs to an even greater extent than established 

players had made possible, while simultaneously pleasing the demands of regulators and 

environmentalists alike.  

Perhaps the most recognizable of these contenders has been Tesla, Inc., founded by 

renowned serial entrepreneur Elon Musk. The company he founded has been the most 

recent addition to the list of automobile manufacturers to become publicly listed, and its 

stock has generated unexpectedly high annual returns, despite being characterized by 

volatility levels which were abnormally high for this industry.  

As the adoption of new technologies is usually characterized by high levels of 

uncertainty, it appears relevant to determine whether a real options approach can capture 

the value of managerial flexibility in such a dynamic business environment.  

To this end, this paper will attempt to apply a real options valuation approach to a project 

rumored to be developed by Apple Inc. under the code name “Project Titan”. For the 

scope of this paper, it is assumed, given the public information available at the time of 

writing that the project refers to an autonomous electric vehicle which we shall name the 

“iCar”.   

The case is built upon the foundation of an NPV-based valuation case designed by 

Aswath Damodaran, Professor of Corporate Finance at Stern Business School, New 

York University. His case presents the company as looking for a next big hit following 

the success of its mobile devices, beginning with the iPod, moving on to the iPhone, and 

finally the iPad. The company is pondering entering the automobile market with a 

premium product offering, a supposedly autonomous vehicle equipped with an electric 

powertrain.   
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The automotive industry has played a large role in humanity’s evolution over the period 

of more than a century since the automobile’s invention. Its influence on our everyday 

lives is profound, and the market has become highly consolidated, a few global players 

capturing the lion’s share in an industry characterized by oligopolistic competition.  

The highly complex nature of the products sold make the industry both capital and labor 

intensive, major costs including: labor for design and engineering, raw materials, and 

marketing expenses. From a value chain perspective, auto manufacturers outsource 

production for many of the parts they require from Original Equipment Manufacturers 

(OEMs). Spare parts represent another major source of revenue for the industry, and are 

an even bigger driver of profitability. Automobile manufacturers require dedicated 

networks or dealerships and service stations to act as interfaces with customers.   

Alternative fuel vehicles are quickly gaining popularity due to regulatory pressure on 

vehicle emissions, combined with generous state support programs, in many instances. 

The industry has overcome its state of infancy, during which many would-be players 

have tried and failed to gain a foothold.  

Tesla has found its niche in the premium segment of early adopters, with an interesting 

value proposition, and has begun covering more and more market segments, from the 

early iteration of an electric sports car, to a luxury sedan, more recently a family-oriented 

SUV and soon a more compact, less luxurious sedan for the mass consumers of the 

developed world, named the Model 3.  

Currently, electric vehicles are generally perceived as suitable to fulfill the role of second 

car, within a household or even for an individual. This is due to one of its main 

drawbacks, namely that its range is not as high as that of an ICE powered alternative.  

Furthermore, when charging is due, there are not as many charging stations, and the 

process takes much longer, roughly half an hour on average, as compared to a couple of 

minutes using a traditional gas station pump. In order for electric vehicles to become 

truly competitive in the marketplace, both this issue must be addressed, as well as that of 
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product cost, so that consumers will find they offer good value for money on a 

standalone basis, so that the added incentive of government subsidies is no longer 

required. Current expectations for cost parity between the two powertrain technologies 

indicate the year 2018 as the soonest when it could become cheaper to purchase an 

electric car. (Forbes, 2017)  

 

4.2  Porter’s Five Forces Analysis 

The industry based view in strategic management argues that strategy is determined 

primarily by the conditions within a particular industry. The Five Forces framework 

developed by Michael Porter identifies determinants of competitive intensity and 

industry profitability, without implying that profitability should be the same for all 

competitors. This analysis is relevant for the general purpose of valuation because it 

provides qualitative understanding of how competitive conditions within the industry or 

industries being analyzed affect profitability, and implicitly project value. (Porter, 1979) 

Although Apple’s core business is developing and bringing to market technologically 

advanced devices and respective software, the focus of this analysis shall be on the 

automotive industry, to understand whether it would be strategically sound for Apple to 

address this market. According to the case study, the iCar will be targeted towards 

consumers at the premium end of the automobile market, with expected pricing around 

USD 75,000 per unit, fully focused on providing an autonomous electric vehicle 

solution.  

Competition, however, will not be assumed to be from within this narrow segment, but 

rather the premium automobile market as a whole. Most automobile manufacturers now 

also offer electric powertrain variants for their vehicles, unlike pure-play electric vehicle 

producers such as Tesla. Despite the industry evolving towards electric powertrains, 

primarily due to regulation, it is understandable why established manufacturers are still 

investing in the development of traditional ICE vehicles.  
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They have amassed capabilities regarding designing, engineering, producing and 

marketing such automobiles, and despite the growth rates for this category is lagging 

behind the rates of vehicles powered by alternative fuels, there is still strong demand, due 

to the established technology’s numerous advantages.   

 

4.2.1 Threat of substitutes 

The increasing needs of humanity, fostered by economic development and the rapid 

evolution of available technology, have conditioned the adaptation of means of personal 

transport. In the past, this has meant walking has been replaced by horseback, or other 

animals which people could domesticate. They have attached carriages to harnesses for 

these animals to pull, further increasing their utility. 

The invention of the steam engine brought with it transportation by train, and propelled 

the industrial revolution.  The critical role played by horses in this development must be 

recognized. Bicycles were also invented, which addressed the need for efficient 

transportation over short distances. The airplane promised that one day, large distances 

could be covered in much shorter time than would be possible by ground.  

In the early days of the automobile, few believed the invention would replace the horse 

carriage. There is even a famous quote by Henry Ford who said: “If I had asked people 

what they wanted, they would have said faster horses.” In the context of Ford’s vision, 

Richard Tedlow writes about how there were many reasons to believe the automobile 

would gain traction. The president of the Carriage Builders Association argued how, 

between 1894 and 1899, 350,000 carriages were sold in New York City, in comparison 

to a mere 125 automobiles. The idea of the automobile replacing the horse and carriage 

was, in his view, “a fallacy too absurd to be mentioned by intelligent men”. (Tedlow, 

2010)  

There are certain parallels to be drawn between this phenomenon and today’s increasing 

levels of air pollution within cities, due in large part to the emissions of vehicles powered 
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by internal combustion engines. As the number of vehicles on our streets has increased 

greatly over the years, so have the strains placed on our environment. Vehicles powered 

by alternative fuel sources, electric vehicles included, promise to solve this problem, 

through the use of renewable energy as opposed to fossil fuels.  

Electric vehicles are comparably much easier to maintain as opposed to ICE powered 

automobiles, since they use far less moving parts. Automobiles offer consumers a degree 

of convenience and freedom that is not easily matched by other means of transportation, 

and for this reason they are highly unlikely to be replaced by other vehicles in the 

foreseeable future. As their design evolves to better meet our needs, both as individuals 

and in relation to society, so are various technologies to be positioned for dominance.  

National regulators and officials of major cities worldwide have been tackling the issue 

of cars overcrowding their cities’ infrastructures, and some have implemented targets 

limiting or taxing the access of ICE powered vehicles. Autonomous vehicles are likely to 

propel car sharing, particularly since many urban residents do not own cars or have 

drivers’ licenses. Children, the elderly, or those unable to drive would likely benefit from 

having an alternative to taxis, car sharing apps, or public transport. As it is highly 

unlikely that automobiles will be banned from city streets altogether, there is little reason 

to believe there is major threat of substitution from alternative means of transportation.  

Electric vehicles still suffer from many drawbacks when compared to their ICE-powered 

alternatives, among which the challenge of range anxiety, which is given by a 

combination of insufficient energy storage capacity and an underdeveloped charging 

station infrastructure, as well as the drawback of a higher cost base which is translated 

into a higher purchase price.  

High levels of investment in electric vehicle technology and afferent infrastructure place 

it in pole position as technology to capture sales volumes in relation to the transition 

from ICE powertrains to powertrains powered by alternative fuel sources. Competing 

technologies, such as hydrogen fuel cells currently in development, primarily by 

Japanese manufacturers, pose a threat of substitution to EV powertrain technology. This 
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alternative addresses the concern of range anxiety, being much more convenient to refill, 

but still requires investments in infrastructure to facilitate the shift from gas stations.  

Based on the above argumentation, it is considered that threat of substitution for 

automobiles as means of transport is low, but for automobiles using an electric vehicle 

powertrain, threat of substitution is moderate, particularly considering the product 

offering of a particular manufacturer within the segment, in relation to other choices 

available to consumers.  

It is generally accepted that competing alternative fuel technologies can coexist, given 

that the benefits of each technology are complementary to one another. In short, pure-

play electric vehicles are ideal for daily commuting, as their range is sufficient for daily 

driving requirements and can be recharged overnight, whereas vehicles such as those 

powered by fuel cell technology should offer a more convenient solution to travelling 

longer distances. 

 

4.2.2 Threat of new entrants 

Consulting firm McKinsey & Company have argued that the prospect of self-driving cars 

has been enticing for tech companies, which have since been looking to break into the 

auto industry. (Bloomberg, 2017a) For example, Alphabet subsidiary Waymo has signed 

an agreement with Fiat-Chrysler and Lyft to develop autonomous driving technology. 

Adam Jonas of Morgan Stanley recently downgraded Tesla following news of Apple’s 

plans for the auto industry. (Bloomberg, 2017b) The big unknown remains whether 

Apple would enter the auto industry on its own, or whether it would choose to also 

engage in partnerships with other companies. This highlights the focal point of the 

tradeoff between competition and cooperation outlined in the real options reasoning 

framework.  

Starting with the premise of an otherwise attractive industry, the threat of new entrants is 

largely determined by existing barriers to entry. The automotive industry is characterized 

https://www.bloomberg.com/news/articles/2017-06-13/cook-says-apple-is-focusing-on-making-an-autonomous-car-system
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by the presence of large economies of scale, making it highly capital intensive, and 

involving a high degree of technological complexity. Major costs include labor, although 

this is more and more being replaced by automated machinery, materials to be purchased 

from suppliers, as well as marketing expenses such as advertising and market research. 

Large initial investments can quickly turn into sunk costs if products fail to reach fruition 

or if, likely still, they fail to capture interest from the market. This discourages the entry 

of would-be new players who only have a limited amount of resources at their disposal. 

Along the value chain, distribution also plays a key role, which has led many 

manufacturers to seek the development of a dedicated network of dealerships.  

The industry is well known to be valuable as a political token, given its degree of 

economic significance, particularly from the perspective of the effect it has on 

employment. Governments worldwide have resorted to protectionism as a means to 

defend local manufacturers from foreign competitors as their own automotive industries 

matured, promoting the establishment of local manufacturing subsidiaries of foreign 

automotive companies, as has been the case in China and India.  

For a company to be successful in the premium segment of the automotive industry, it 

must amass considerable brand equity in order to appeal to customers, and this represents 

an important barrier to entry. The effect is to further differentiate threat of new entrants 

in this industry, between premium and non-premium manufacturers.  

However, there are reasons to be doubtful regarding whether the positioning of Apple as 

an automotive manufacturer would be successful from the consideration of the brand 

equity the company currently possesses. Given the circumstances of the industry’s 

transition, it should be considered that threat of new entrants is moderate, particularly 

with regards to electric and autonomous vehicle technologies looking forward.  
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4.2.3 Bargaining power of customers  

Customers in the automotive industry are private end users of vehicles, as well as 

businesses. Their bargaining power depends on their price sensitivity as well as their 

relative bargaining power, expressed in the amount of leverage they have when, for 

example, buying in bulk. Most of the volumes sold by manufacturers are represented by 

purchases made by private households, who are typically price sensitive, albeit to a less 

extent in the premium segment. This decrease in price sensitivity accounts for the higher 

profit margins which manufacturers can obtain in this segment.  

Typically, the business model of automobile manufacturers is such that they entice 

buyers with a strong brand created by appeal of their most expensive and exclusive 

models, while making the ownership experience available to the mass market at a much 

lower price point through entry level product offerings.  

It is common for manufacturers to start at either end of the spectrum and later move 

either up- or down-market to cover a wider spectrum of the target customers. For 

premium brands such as Porsche, which is known for its outstanding profit margins, 

there is a fine line between chasing higher volumes at lower price points and diluting 

brand equity by renouncing the premium perception.  

The relative bargaining power of private household customers is perceived as low, since 

they almost exclusively purchase single vehicles at a time. The fact that there are so 

many prospective buyers greatly reduces the purchasing power of individual customers. 

It is argued that, given a competitive pricing policy, the bargaining power of customers 

in the premium segment is also low.  

 

4.2.4 Bargaining power of suppliers 

There are a plethora of firms working as suppliers for the world’s automotive 

manufacturers. Many of these are captive to one or a couple of manufacturers, who 
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benefit from increased bargaining power in this relationship. There is a point to 

differentiating between the various types of suppliers for the auto industry.  

A study by management consulting firm Roland Berger and financial advisory Lazard 

(2016) finds differing levels of profitability for various supplier segments, classified 

either by region, company size, product focus or business model. According to this 

study, suppliers focused on innovation and process specialists outperform the rest of the 

industry.  

Expectations are that the industry will continue to become more volatile, also in light of 

the implications brought by the transition to e-mobility. Although powertrain suppliers 

have been under pressure, the tenfold growth expected for electrified vehicles over the 

following decade will imply fantastic growth opportunities for e-powertrain component 

suppliers.  

This transition is expected to turn ICE technology into a commodity. Furthermore, 

developments in autonomous driving are expected to spur a wide array of new business 

models for automobile usage, greatly increasing the size of the market for suppliers in 

this segment, but also facilitating the entry of players new to the industry, looking to 

capitalize on these opportunities. The growing need to obtain technological superiority is 

expected to result in increased consolidation, particularly along e-mobility affiliated 

suppliers.  

Premium suppliers have higher bargaining power due to how their products are 

differentiated on the basis of improved quality, which only a limited number of suppliers 

are able to produce. A different situation is that of suppliers of raw materials, which can 

be sold to a variety of manufacturers due to the commodity status of the transaction 

object.  

Volatility in prices of commodities such as steel or aluminium has a great impact on 

margins, since the price sensitivity of end consumers prevents manufacturers from being 

able to increase the prices of finished products. The same manufacturers are able to 
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leverage their purchasing power to prevent suppliers from transferring the increase of 

raw material prices into what they pay.  

For the premium segment, bargaining power of suppliers is perceived to be moderate, 

whereas lower levels are expected in other segments.  

 

4.2.5 Intensity of existing rivalry 

The automotive industry is an oligopoly, characterized by a few major players capturing 

the lion’s share of the global market. Competition is therefore, intense, and players seek 

to gain a competitive edge by employing the most cost-efficient technologies.  

Industry maturity in developed markets, as well as regulatory constraints pressure 

manufacturers into investing in product innovation and more environmentally friendly 

means of propulsion, such as those using alternative fuel sources. The nature of 

oligopolistic competition has helped players avoid engaging in purely price-based 

competition, but their quest for market share is slowly leading in that direction.  

The demands of regulators who focus ever more heavily on environmental protection, 

combined with the expectations for innovative products at competitive price points place 

great pressure on automotive manufacturers, and increase their competitive rivalry.  

Because of this, it can be concluded that the intensity of existing rivalry is high, reason 

for which it is critical for Apple to be successful in its effort to develop a technology that 

is superior to the offering of competitors. Technology should be the focal selling point 

for which the company should be able to charge a premium as to generate high enough 

profit margins to justify an investment in this industry. 
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4.2.6 Conclusion of Porter’s Five Forces Analysis 

Through this framework, the intended outcome was to understand the key drivers of 

profitability at an industry level. The analysis has revealed that for the automotive 

industry, and more specifically, the premium electric vehicle segment, intensity of 

existing rivalry is high.  

There are large capital requirements associated with joining the industry, making the 

threat of new entrants a secondary issue. Furthermore, there are good reasons to believe 

the automobile will remain a preferred means of transport for the foreseeable future, 

limiting the threat of substitution.  

Choice of powertrain technology, however, is more of an unknown, and a moderate 

threat to manufacturers, but they have demonstrated a propensity to anticipate such shifts 

and prepare contingency plans, so that they are able to invest in new technologies.  

From an industry-level perspective, it is understood that Apple has an opportunity to 

exploit a competitive advantage in the development of an innovative technology for 

autonomous driving. Further opportunities exist in analyzing whether it could be 

beneficial to the company to engage in partnerships with firms active in this industry.  

 

4.3  The iCar from a real options perspective 

On June 5th, 2017, Bloomberg Television reporter Emily Chang had an exclusive 

interview with Apple Inc. CEO, Tim Cook. This has been the first time that the 

company’s executive management have discussed their position in relation to the 

industry of automobile transportation.  

Emily Chang: “You said cars are an area ripe for disruption, how important is it that 

Apple not miss out on cars?” 

Tim Cook: “I think there is a major disruption looming there, not only for self-driving 

cars, but also the electrification piece. If you’ve driven an all-electric car, it’s actually a 
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marvelous experience. And it’s a marvelous experience not to stop at the filling station, 

or gas station, or whatever you want to call it. Plus, you have ride-sharing on top of this, 

right, and so you’ve got kind of three vectors of change happening generally in the same 

time frame.  

And so, as we’ve looked at it, and what we’re focusing on, what we’ve talked about 

focusing on publicly, is we’re focusing on autonomous systems. Clearly, one purpose of 

autonomous systems is self-driving cars, there are others, we sort of see it as the mother 

of all AI (Artificial Intelligence) projects. It’s probably one of the most difficult AI 

projects actually, to work on, and so, autonomy is something that’s incredibly exciting 

for us, but we’ll see where it takes us.  

We’re not really saying from a product point of view, what we will do, but we are being 

straightforward that it’s a core technology that we view as very important.”  

Beginning with the year 2014, it had become apparent that Tim Cook has given a seal of 

approval for the commencement of a project involving the development of an automobile 

which would directly compete with the likes of Tesla and other electric car makers. 

(Bloomberg, 2016) 

As of October 2016, Bloomberg has reported that due to internal struggles the project has 

been “put on hold” with respect to building the car, and instead choosing to focus on 

developing the underlying autonomous driving system alone. Adam Jonas of Morgan 

Stanley is of the opinion that this development not an abandonment of the electric car 

project, but rather a situation where Apple will likely become involved in the project at a 

later point in the future, where it would be able to vertically integrate more of the value 

chain for a higher degree of control. (Bloomberg, 2017b) 

A large part of the team designated to develop the car project, comprising roughly 1000 

employees, had been let go, and the employee headcount had been adjusted to 

accommodate necessities for the supposed new strategic objective. (Bloomberg, 2016) 

The reasoning behind this decision to scale back could be that by focusing on a more 

https://www.bloomberg.com/news/articles/2016-10-17/how-apple-scaled-back-its-titanic-plan-to-take-on-detroit
https://www.bloomberg.com/news/articles/2017-06-14/tesla-may-need-to-start-worrying-about-apple-s-car-ambitions
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restrained segment of the value chain, it could market this solution to other 

manufacturers while not having to compete in the auto industry with them directly.  

Further issues prompting for the scale down have been reported in relation to talent 

acquisition efforts, as well as issues with the supply chain, where the company could not 

leverage the same capabilities as it had been known to do in the consumer electronics 

industry, as a means to increase profitability.  

As has been identified in the Porter’s analysis, Apple’s lack of economies of scale in the 

auto industry have proven an obstacle high enough to potentially deter the company from 

going forward with the investment. The autonomous car project of rival firm Google has 

encountered similar setbacks. The same sources have claimed that by late 2017, a 

decision should be reached in relation to the initiatives that are to remain in pursuit.  

Being faced with the opportunity to bring to market a new technology, the value of the 

strategic options Apple has at its disposal must be recognized. Emphasizing the findings 

of the recent work by Trigeorgis & Reuer, real options reasoning is to be used as a means 

to uncover existing options and facilitate an integrated approach, as has been called for.  

It is expected that the general characteristics prevalent in ROR analyses shall also find 

their way in this particular case. As option value rises with uncertainty, it is likely that 

scenarios favoring increased uncertainty will be preferred. It is similarly expected that 

opportunities for staged investments will stand out due to their propensity to maintain 

upside potential while mitigating potential losses.  

The ability to modify investment decisions, supposedly as has been done by Apple, is 

highly valued by this theoretical paradigm. This approach has empirically found most 

applicability to projects in technology management, such as the one currently being 

considered, therefore being considered a suitable fit.  
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4.3.1 Problem Structuring 

The process of real options analysis, as described in Trigeorgis & Reuer (2016) first 

requires a qualitative understanding of the problem at hand, to facilitate the identification 

of available options and existing interdependencies, variables responsible for uncertainty 

and factors which most significantly influence project value.  

Through undergoing this process, it becomes possible to graphically represent choices 

available for management to decide upon, in the form of a decision tree. This tree can be 

used as support for mapping of the project, highlighting known options and how they 

affect project value, if the problem is sufficiently complex. 

To begin analyzing Project Titan from a real options perspective, the viewpoint of the 

company prior to project commencement will be assumed. This implies being open to as 

broad a range of options as possible, to fully capture the value of future benefits which 

can be accrued from managerial flexibility.   

In the context of the resounding success of products such as the iPod, iPhone, iPad, iMac 

and MacBook lineups, the company has been piling up cash savings which investors in 

financial markets wish to be invested, therefore putting pressure on the company to either 

come up with innovative new products, or pay out either as dividends or share 

repurchases.  

In accordance with the framework developed by Trigeorgis (1996), a qualitative 

evaluation of options present is to be conducted. 

 

4.3.1.1  The option to wait or defer 

Broadly speaking, investments in the development of electric car manufacturing 

capabilities can be considered largely irreversible. Dixit and Pindyck (1994) argue that, 

with investments that are industry specific, they can only be used to produce a specific 

output.  
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Assuming industry competitiveness, which has been argued to be applicable to the 

automotive industry, the value of the assets which were subjects of the investment should 

be roughly the same for all market players, meaning that if the evolution of an exogenous 

variable turns out to negatively affect the value of the investment, this should be 

reflected in the divestiture, implying investment irreversibility. Similarly, once the strike 

price has been paid when exercising a call option, there is no guarantee of being able to 

recoup that investment.  

Firms do not always have the opportunity to delay investments. By this, it is meant that 

some investments can be made either “now or never” – there can be situations where 

immediate investments are required to prevent competitors from moving in. As it is 

difficult to accurately anticipate the moves of competition, the costs associated with 

deferring investment are typically quantified by the opportunity cost, expressed in the 

present value of cash flows not received in the period of investment deferral. The 

tradeoff against this is given by the benefit of waiting for new information, and 

potentially avoiding a downturn of the market.  

Firms having the opportunity to invest, which is a prerequisite for the option to defer 

investment, in a general sense stems from resources and capabilities at their disposal, or 

slightly more specifically, a proper managerial setup, technological know-how and 

financial resources adapted for the desired investment scale. From this, it can be deduced 

that the cost for acquiring the option to defer investment equals the cost of obtaining the 

required resources and capabilities, those which competitors might not yet possess.  

The cost of exercising the option per se equals that of the actual investment. For a 

company such as Apple, a significant portion of its market capitalization is due to the 

expectation that it will continue to invest in projects with positive net present value, as 

opposed to merely the value of the assets currently in place.   

For the purpose of this case study, it is considered that Apple cannot pursue an 

investment in bringing to market an electric vehicle as readily as, for example, Tesla 

could, and therefore the investment consists of a series of stages. The expectations for the 
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stages involved are outlined below, while a presentation of the assumptions regarding 

quantitative data is performed in the subsequent step of the adopted framework.  

First of all, an R&D stage is required for Apple to understand the technological 

implications of the project it is considering to undertake, to become familiarized with 

automotive specific technology and come up with the commercial design for the product. 

This investment is to be considered a sunk cost, and cannot be recovered at a later stage 

through divestment, however, knowledge resulted from this stage is considered a 

resource which the company could potentially use through other means.  

A further sizable investment is required for securing the inputs and infrastructure needed 

for production and commercial purposes. This phase can be referred to as preparatory, 

since it is necessary for any finished product to reach the market.  

The option to defer will be analyzed from the perspective of a third investment, 

associated with the expansion of the product line-up, to exemplify the thinking and 

implications of this option’s presence. The same logic can be applied to that of the initial 

project, once assumptions relating opportunity costs have been calibrated. The 

development of the technology required for project commencement offers the company 

the option to invest, however the consequences of choosing to exercise that option at a 

later point in time can only be understood and quantitatively estimated through 

simulations. 

 

4.3.1.2  The option to abandon 

At any point during the lifetime of the project, the company has the option to abandon 

the project, which is responsible for the diminution of downside risk, similar in financial 

option equivalent to an American put. Should the net present value of expected future 

cash flows fall below the salvage value of the project, the optimal decision would be 

liquidation.  
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The exercise price for this type of option is represented by the salvage value from 

abandonment, which cannot be lower than zero. However, liquidation often involves 

added costs, which can be factored in as a form of option premium, since option exercise 

is contingent on settling these costs.  

For the scope of this project, an implicit assumption is that the company has the option to 

sell the technology it has developed, as well as the commercial infrastructure and 

production facilities, at any point in time, for their salvage value. Should their product 

prove unsuccessful, competitors would have great economic incentive to purchase these 

assets at a discount, considering that expectations are for assets such as lithium ion 

battery production facilities to be in high demand.  

Alternatively, at a hypothetical level, it could be imagined that a governing body 

representing society, such as the State of California or the US Federal Government, 

wishes to promote the development of electric vehicles with autonomous driving 

technology, for environmental and public safety considerations.  

They would have several tools at their disposal to do so: a widespread practice is offering 

customers incentives through subsidies, which acts to affect the demand-side; on the 

other hand, it could offer to reduce the risk profile of such an investment by offering 

companies the option to sell their projects for a given price, at a given time. Such an 

option acts as a stimulus to the supply side, and its value must be recognized by the 

companies which benefit from it. 

 Nonetheless, having the option can be particularly valuable when the potential for losses 

is high, even if its value is not known with certainty through an instrument such as a 

contractual clause, and must be estimated.  

 

4.3.1.3  The option to expand 

Should Apple choose to move forward with this investment and develop the autonomous 

electric vehicle, it paves the way for further investments to be built on its foundation and 
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for new markets to be accessed. Because of this, should the investment provide Apple a 

source of competitive advantage, it benefits from having the option to expand the scope 

of the current project, to invest in sequel projects, new markets, or all the 

aforementioned.  

As investors’ expectations have continuously been exceeded by the success of Apple’s 

products, the great question yet to be answered remains how they will achieve future 

growth, and more specifically what new products will be developed. Follow-up iPhone 

models wouldn’t have existed hadn’t the initial iteration revolutionized the market for 

handheld devices, carrying on the innovations brought to the market by the iPod.  

Knowing of Apple’s plans in the connected car market, subsequent to the development 

of the CarPlay solution, it is a remarkable exercise of imagination to map out potential 

strategic investment decisions, including the possibility that Apple may not build its own 

cars, but rather something more in line with an autonomous driving solution, that it could 

market to automobile manufacturers, enabling them to compete with the likes of Tesla 

without having to develop the solution in-house.  Similar products are being developed 

by competitors such as Google, through its dedicated autonomous driving division, 

Waymo.  

The value of opportunities to expand can be estimated at the point in time when the 

initial investment is considered. A well-defined time horizon should be selected at which 

a decision is to be made regarding the expansion opportunity. There is inherent 

complexity in this type of framework for decision analysis, since the assessment of an 

initial investment also depends on implications brought forward by opportunities for 

future investments, contingent on the first. Every such future investment opportunity 

should be valued independently, based on available information as source for the 

required inputs, using the binomial model.  
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4.3.2 Project valuation 

 

4.3.2.1    Base case NPV  

At the basis of the real options valuation process lies the value of the project without 

considering the value added by flexibility. This base-case value serves as a benchmark 

upon which Expanded-NPV can be computed, using option inputs, to capture the value 

added by active management. (Trigeorgis & Reuer, 2016; Copeland & Antikarov, 2003) 

As the scope of this paper is to determine the usefulness of real options analysis, the 

Discounted Cash Flow analysis which shall be used as a base-case will be determined in 

a rather simplistic form, for illustrative purposes. As an added argument, acquiring the 

required data for a more realistic and adequate estimation of investment net present value 

has proven unfeasible and, to some extent, an effort better suited for dedicated work on 

the subject of NPV analysis for this project.  

The assumptions used for determining the base case value of the project are adopted 

from the case study developed by Aswath Damodaran. Accordingly, R&D expenses 

amount to USD 5 billion, and a subsequent investment of USD 23 billion is required to 

begin production, including the cost of a gigafactory which it requires to produce 

batteries, comparable in scale to the first factory of this type built by Tesla. The 

investment amount can be depreciated using straight-line depreciation. The salvage value 

at the end of the project’s lifetime, which is assumed to be 10 years, will be USD 12 

billion.  

The premium auto market is defined by vehicles with a purchase price of USD 60 000 

and above, and the market for such vehicles is estimated at 5 million units worldwide. 

The market is assumed to grow at a rate of 4% per year. Following a top-down market 

sizing exercise, Apple expects to acquire a market share of 2% in the first year the iCar 

reaches the consumer market, and to grow that share by 2 percentage points per year 

until the market for its autonomous electric vehicle matures at 10%.  
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It is assumed that their market share will remain steady after this point onwards. These 

expectations are justified by the development of sales volumes for a competitor’s 

product, the Tesla Model S, as well as the high expected growth rates of vehicles 

powered by electric powertrains.  

It has been assumed that pricing for the iCar will be USD 75,000 per unit for the first 

year, following that it will be adjusted for inflation afterwards. Accounts receivable are 

expected to amount to 5% of revenues on an annual basis. Production costs amount to 

USD 50,000 per unit, and marketing costs will be USD 5,000 per unit, and are also to be 

adjusted for inflation. Additional working capital requirements include inventory and 

accounts payable, amounting to 10%, respectively 6% of production costs on an annual 

basis. Inflation is assumed to be 1.50% for the analyzed period. 

The risk free rate is assumed to be 2%. The market risk premium used to compute the 

required return on equity, using the CAPM, has been derived through a weighted average 

of the expected sales breakdown per geographical region where the product is to be sold 

and the market risk premiums of those individual geographical regions.  

The resulting figure for the market risk premium is 7.13%. Beta has been calculated as 

the median value of the betas of automotive companies worldwide, unlevered and 

adjusted for cash. The resulting beta is 0.95, and the adequate cost of capital computed 

using the CAPM is 8.78%.  

The use of this model is justified by an assumption regarding an all-equity investment, 

considering Apple’s substantial cash holdings, over USD 250 billion as of May 2017. 

The company’s justification for not paying this cash as dividends or share repurchases to 

its investors is that it is a capital buffer which gives the firm flexibility. Analysts 

advocate for tax optimization being the true culprit, nonetheless, making interest 

payments only serves to create unnecessary expenses. The marginal tax rate to be used is 

40%. 
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Furthermore, it is expected that corporate general and administrative expenses associated 

with this new project will amount to USD 750 million in the first year the product is 

brought to market, and advertising expenses will amount to USD 1.25 billion in the same 

year. These expenses are expected to increase by 5% with each passing year. 

Furthermore, division-specific selling, general and administrative (SG&A) expenses are 

expected to be USD 500 million in the first year, and to grow in direct proportion to 

revenues afterwards.  

This version of the discounted cash flow analysis for Apple’s autonomous electric 

vehicle project is highly simplified, primarily due to how a more complex model would 

have had little added contribution to the goal of the paper. For this reason, issues such as 

synergies with other divisions of the company will be treated as secondary, the project 

being valued on a stand-alone basis, considering available options.  

The project’s NPV is required as a base case value to facilitate for an Expanded-NPV to 

be computed using real options. The output from the discounted cash flow model 

indicates a negative NPV for the project, disregarding the value added by managerial 

flexibility. It is summarized in the table below: 

 

 

Year 0 1 2 3 4 5 6 7 8 9 10

Market Size (units, thousands) 5,000 5,200 5,408 5,624 5,849 6,083 6,327 6,580 6,843 7,117 7,401

Market Share 0.00% 2.00% 4.00% 6.00% 8.00% 10.00% 10.00% 10.00% 10.00% 10.00% 10.00%

Units Sold 0 104 216 337 468 608 633 658 684 712 740

Price per unit 75,000 76,125 77,267 78,426 79,602 80,796 82,008 83,238 84,487 85,754

Revenues 7,800,000 16,467,360 26,074,418 36,698,874 48,424,164 51,116,548 53,958,628 56,958,727 60,125,633 63,468,618

Production cost per unit 50,000 50,750 51,511 52,284 53,068 53,864 54,672 55,492 56,325 57,169

Production costs 5,200,000 10,978,240 17,382,945 24,465,916 32,282,776 34,077,698 35,972,418 37,972,485 40,083,755 42,312,412

Marketing expense per unit 5,000 5,075 5,151 5,228 5,307 5,386 5,467 5,549 5,632 5,717

Marketing expenses 520,000 1,097,824 1,738,295 2,446,592 3,228,278 3,407,770 3,597,242 3,797,248 4,008,376 4,231,241

Corporate SG&A 750,000 787,500 826,875 868,219 911,630 957,211 1,005,072 1,055,325 1,108,092 1,163,496

Variable SG&A 500,000 1,055,600 1,671,437 2,352,492 3,104,113 3,276,702 3,458,886 3,651,200 3,854,207 4,068,501

Advertising Expense 1,250,000 1,312,500 1,378,125 1,447,031 1,519,383 1,595,352 1,675,120 1,758,876 1,846,819 1,939,160

Depreciation 1,800,000 1,800,000 1,800,000 1,800,000 2,351,136 2,351,136 2,351,136 2,351,136 2,351,136 2,351,136

Operating Profit (or EBIT) -2,220,000 -564,304 1,276,741 3,318,624 5,026,849 5,450,678 5,898,753 6,372,456 6,873,248 7,402,671

Taxes -888,000 -225,722 510,696 1,327,450 2,010,739 2,180,271 2,359,501 2,548,983 2,749,299 2,961,068

After-tax operating profit -1,332,000 -338,582 766,045 1,991,175 3,016,109 3,270,407 3,539,252 3,823,474 4,123,949 4,441,603

 + Depreciation 1,800,000 1,800,000 1,800,000 1,800,000 2,351,136 2,351,136 2,351,136 2,351,136 2,351,136 2,351,136

 + Corporate SG&A Exp * (1-t) 450,000 472,500 496,125 520,931 546,978 574,327 603,043 633,195 664,855 698,098

 - CapEx 28,000,000 0 0 0 5,306,818 0 0 0 0 0 0

 - Change in working capital 598,000 664,498 736,541 814,542 898,939 206,416 217,893 230,008 242,796 256,296 -4,865,927

 + Salvage Value 12,000,000

After-tax Cashflow -28,598,000 253,502 1,197,377 2,247,628 -1,893,651 5,707,807 5,977,977 6,263,424 6,565,009 6,883,644 24,356,764

Present value of cash flows -28,598,000 233,045 1,011,916 1,746,205 -1,352,470 3,747,608 3,608,245 3,475,446 3,348,815 3,227,982 10,500,000

Cost of capital 8.78%

PV (excl. initial investment) 29,546,792

NPV 948,792
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4.3.2.2    Modeling Uncertainty  

In an article titled “Investment Opportunities as Real Options: Getting Started on the 

Numbers”, published in the Harvard Business Review, Timothy Luehrman (1998) 

acknowledges the immense difficulty which corporate executives face when attempting 

to apply the intuitively appealing options pricing approach to actual investment projects.  

He argues for simplicity in favor of precision for the needs of most practitioners, using 

the argument that the numerical output would be superior to that of a plain discounted 

cash flow analysis. Part of this approach relies on using the Black-Scholes model as a 

quick means of options pricing, which has been argued against due to the lack of 

visibility regarding choices to be made, as well as a greater degree of incompatibility 

through the assumptions it implies. The other part of this simplified approach, however, 

is related to the means through which to obtain a measure for project risk. 

A key element in his argumentation is the need to measure added value generated by 

available options, and that this should be done by measuring uncertainty and including it 

in an options pricing model. The suggested approach is to measure uncertainty through 

probability-weighted measures of dispersion, including a dimension of time, namely by 

computing the annualized standard deviation for project rates of return.  

According to Luehrman, estimating this variable is likely to prove the most troublesome 

for decision makers, since most people do not have an intuitive understanding of the 

concept with regards to applications in this context.  

One approach towards estimating volatility of returns could be, according to Luehrman, 

taking an educated guess. It is suggested that this is appropriate when there is little 

specific information available.  

A second approach would be estimating the standard deviation of returns by using 

historical data on the returns of other projects or companies within an industry. This 
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approach is supported by another Harvard Business Review article, “Making Real 

Options Really Work”. (Alexander B. van Putter & I. MacMillan, 2004)  

According to them, “the historical range of prices paid for comparable assets determines 

the volatility”. A perceived advantage of this method is the link to actual market data, 

which makes it possible to take a step away from determining variables strictly by means 

of simulation. 

A third approach identified by Luerhman, which is also the proposed approach of 

Copeland and Antikarov (2001), is the estimation of the volatility of project returns 

through a Monte Carlo simulation based on the DCF model. The accuracy of the output 

resulted from this process is only as good as the underlying DCF model and implicit 

assumptions.  

However, it could be the best available option in instances where historical prices for 

comparable assets are not available, and managers are able to accurately quantify the 

proper ranges for variables subject to uncertainty, such as price per unit and number of 

units sold, in the case of Apple Inc.’s Project Titan. All sources of uncertainty should be 

incorporated into a single variable, to gauge the volatility of project returns. 

For the reasons mentioned above, the approach to be adopted by this paper will be to 

benchmark against the volatility of returns of a listed firm which is active in this 

industry. The chosen comparable firm is Tesla Inc., which has for a number of years 

been developing electric vehicles which have featured increasing degrees of automation. 

Based on the standard deviation of its daily stock returns for the previous year, an 

annualized value of the volatility of returns has been computed, which amounts to 

34.22%.  

 

4.3.2.3    Building the event tree  

With the base case NPV and volatility of returns estimated, it becomes possible to model 

the event tree using the binomial lattice method. Using the formulas which have been 
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detailed for Cox, Ross and Rubinstein’s binomial approximation options pricing model, 

it is possible to determine asset values in situations of increase and decrease, over 

successive periods, under the assumption of constant volatility between periods. This 

assumption can be challenged, but it requires a solid reasoning in order to be approached 

differently.  

NPV = 975,311 

Volatility = 34.22% 

u = e0.3422 = 1.4080 

d = 1/u = 0.7102 

The following table reveals the evolution of the values of the project’s future free cash 

flows considering volatility of returns over the project’s lifetime of 10 years, without 

incorporating the benefits of available real options. 

 

 

 

 

Year 0 1 2 3 4 5 6 7 8 9 10

905,036,425

642,762,434

456,493,833 456,493,833

324,204,727 324,204,727

230,252,191 230,252,191 230,252,191

163,526,522 163,526,522 163,526,522

116,137,541 116,137,541 116,137,541 116,137,541

82,481,596 82,481,596 82,481,596 82,481,596

58,578,937 58,578,937 58,578,937 58,578,937 58,578,937

41,603,121 41,603,121 41,603,121 41,603,121 41,603,121

PV 29,546,792 29,546,792 29,546,792 29,546,792 29,546,792 29,546,792

20,984,314 20,984,314 20,984,314 20,984,314 20,984,314

14,903,189 14,903,189 14,903,189 14,903,189 14,903,189

10,584,336 10,584,336 10,584,336 10,584,336

7,517,061 7,517,061 7,517,061 7,517,061

5,338,663 5,338,663 5,338,663

3,791,551 3,791,551 3,791,551

2,692,783 2,692,783

1,912,431 1,912,431

1,358,220

964,616
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4.3.2.4    Decision Tree  

Now that the lattice for the project value, absent flexibility has been constructed, options 

available to management can be incorporated into the decision tree. A number of options 

will be analyzed, acknowledging that this shortlist might not be exhaustive, given any 

number of “shadow options” which could be present. Proper identification of available 

options could depend both on highly developed managerial intuition, as well as a skill 

which must be developed through practice. The following real options are considered: 

 An option to abandon:  

o It is assumed that at any point in time, Apple has the option to sell the 

commercial infrastructure, production capacity and technology to a 

competitor, such as Tesla or Google, for the amount of USD 12 billion, on 

the basis that they would have incentive to use these resources to produce 

and market their own vehicles.  

 An option to expand at some point until end of initial project lifetime:  

o Apple has been able to capitalize on the early success of its products, as 

has been the case with the iPod, iPhone, iPad, etc.; Just as the 2017 

iteration of the iPhone has been made possible by the success of the first 

model, so too a successful iCar will pave the way for a number of 

subsequent follow-up models, as Tesla has also done with the Model X 

SUV and the Model 3 compact sedan, after the success of the Model S.  

o The introduction of an additional model and associated production 

capacity would cost an added USD 40 billion and increase the present 

value of project cash flows by 40%, given that there would be a 

cannibalization effect for the sales of the initial iCar.  

o Furthermore, delaying the exercise of the option to expand by 1 year has 

an associated opportunity cost of 1 percentage point of future cash flows, 

per year.  

o The earliest the product can be brought to market is the 4th year.  
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o Investments in this new product are constrained by the lifetime of the 

initial project.  

Optimal decisions should be made based on which of the three alternatives (do nothing, 

abandon or expand) has the highest present value for each node. 

Other options could have also been considered, in line with the argumentation from 

previous sections of this paper, but this analysis will remain limited to the 

aforementioned two options, to exemplify the framework’s application. The other 

options could perhaps include, but not be limited to: 

 An option to delay the project:  

o It is not imperative that Apple enter the electric car business today. 

Conditional of its R&D efforts giving it the option to invest in the 

infrastructure required to bring the autonomous electric car to the market, 

it can choose to make this investment at any point in time until the market 

for such products reaches saturation.  

o This could happen when a competitor, for example Google, makes a 

commitment to enter this market.  

o Since there are no reasonable grounds to make an assumption for the 

available time to maturity of such option, it is difficult to advocate for a 

concrete form in which it exists. 

 An option to scale down:  

o If the product brought to market by Apple does not gain traction with 

customers, and the volumes which can be sold, and/or the prices at which 

they can be sold at are too low, Apple has the option to scale down the 

project.  

o For example, the first gigafactory has sufficient capacity to produce 

batteries for a scenario of low demand, which would make redundant a 

second gigafactory if demand does not exceed that number.  This could be 

another example of a “staged” investment. 
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 Undertaking a different project (not a real option with respect to this project): 

o Should results of R&D efforts prove fruitful, but the analysis or 

observations of the market’s evolution lead the firm into choosing not to 

invest in the autonomous electric vehicle project, the firm could analyze 

the option to undertake a different project 

o Such a project could, for example, apply the resulted technology to 

address a different segment of the value chain; Apple could choose to 

market the technology as a turn-key solution for other automotive 

manufacturers 

o This project would require different inputs, such as the computation of a 

new base-case value, volatility, as well as an overview of available options 

Conceptually, at any node in the decision three until year four, the choice is between 

going on with the project, as planned, or exercising the option to abandon. From year 

four onwards, the option to expand becomes a third possibility. 

 

4.3.2.5    Real Options Analysis  

Using the payoff structure of the option to expand, which is that of a call option, the 

following evolution of the value of future cash flows is resulted: 

 

Year 0 1 2 3 4 5 6 7 8 9 10

40% 39% 38% 37% 36% 35% 34%

1,172,748,809

827,729,286

580,831,613 571,701,736

404,160,477 397,676,382

277,748,024 273,142,980 268,537,936

187,301,866 184,031,335 180,760,805

122,592,558 120,269,807 117,947,056 115,624,306

82,481,596 74,649,419 72,999,787 71,350,155

58,578,937 42,010,511 40,838,933 39,667,354 38,495,775

41,603,121 41,603,121 17,828,338 16,996,276 16,164,213

29,546,792 29,546,792 1,365,509 774,574 183,638 0

20,984,314 20,984,314 0 0 0

14,903,189 0 0 0 0

10,584,336 0 0 0

0 0 0 0

0 0 0

0 0 0

0 0

0 0

0

0
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It is apparent that the payoffs of the option to expand are more volatile than those of the 

initial project, confirming that a call option on an asset includes built-in leverage. 

According to the approach of Copeland & Antikarov, a decision tree is to be constructed, 

to reflect the optimal rational decision to be made at each point in time. This should be 

determined by the maximum value of the three strategic choices: continuation, expansion 

or abandonment. To find the value of continuation, we must work back through the 

binomial tree by using the replicating portfolio approach of Copeland & Antikarov.  

Kodukala & Papudesu (2006) use a similar approach to determine real option value, with 

the difference that their method employed risk-neutral probabilities. Despite how the 

mathematics involved are slightly different, the theoretical framework is the same, and 

produces identical results.  

Starting at the end nodes in year 10, the value of continuation for the project can be 

determined using the formulas from the binomial model of Cox, Ross & Rubinstein.  

 

      

        

By applying the above formulas to each node, the values associated to continuing as 

planned can be determined. In the approach used by Copeland & Antikarov (2001), they 

perform this calculation as an intermediary step, however Peters (2016) integrate this 

calculation in the real options analysis.  

The argument for why this should be done, is that the values associated with expanding 

or abandoning the project at a later stage positively influence the value of continuing, 
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thereby affecting the obtained results. These final values of estimated project cash flows 

can be found in the table below: 

 

Based on the results, it can be observed that the resulted present value of future cash 

flows is significantly higher when compared to the value obtained using the traditional 

discounted cash flow approach. The value of the two real options considered accounts for 

this difference of USD 2.6 billion. The resulting estimated net present value of the 

project, considering the value of future flexibility is just slightly above USD 3.55 billion.  

On the basis of this information, the decision to invest is better justified than in the 

scenario which excludes the value of flexibility. Decision nodes highlighted in green 

indicate that the option to expand should be exercised, while decision nodes highlighted 

in red indicate a recommendation for the exercise of the option to abandon. 

 

4.3.3 Implementation planning 

Adner & Levinthal (2004) were the first to have come to the understanding that, for an 

analysis of available real options to be complete, so called behavioral perspectives must 

be taken into consideration. Organizational conditions are likely to deter from making 

timely decisions regarding the exercise of available real options, such as the option to 

Year 0 1 2 3 4 5 6 7 8 9 10

1,172,748,809

827,729,286

580,831,613 571,701,736

404,160,477 397,676,382

277,748,024 273,142,980 268,537,936

190,577,047 186,290,467 180,760,805

131,111,804 127,829,668 123,641,822 116,137,541

90,641,000 88,347,764 85,749,166 82,481,596

63,159,409 61,587,904 60,001,727 58,578,937 58,578,937

44,588,679 43,489,496 42,437,740 41,603,121 41,603,121

32,149,999 31,366,078 30,604,463 29,941,631 29,546,792 29,546,792

23,376,535 22,816,102 22,258,710 21,709,092 20,984,314

17,840,301 17,420,300 16,926,924 16,233,616 14,903,189

14,511,676 14,186,223 13,719,868 13,026,512

12,714,326 12,511,262 12,209,356 12,000,000

12,000,000 12,000,000 12,000,000

12,000,000 12,000,000 12,000,000

12,000,000 12,000,000

12,000,000 12,000,000

12,000,000

12,000,000
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abandon. In response, a proper strategy derived from this approach should guard against 

a line of argumentation based on hopeful thinking.  

This phase involves realizing the requirements for the theoretical option value to be 

achieved, referring to issues such as the identification at a future time that an option 

should be exercised, or aligning managerial incentives as to mitigate agency problems. 

Not only this, but also adaptive capabilities of the organization, in line with the thinking 

of Teece et. al. (1997), which must be scrutinized as to determine whether there are any 

constraints which could compromise the project’s successful implementation, outside of 

the assumptions included in, for example, financial models.  

Imperfectly accurate information about asset values, difficulties in the identification of 

shadow options, uncertainty relating to option terms are some factors which can hinder 

the effectiveness of how real options are managed. In addition, the added value which is 

estimated to be available through future flexibility hinges on the capacity of managers to 

make rational decisions. However, the presence of bounded rationality represents an 

added cause for concern when interpreting the results of a real options valuation model. 

Managers’ careers could hinge on the project’s success, which could lead them to act 

based on a personal agenda. Issues encountered by the company in developing 

manufacturing capabilities have implications for the tradeoff between competition and 

cooperation. Should it be the case that the firm has discovered it does not have the scale 

or experiential knowledge required to efficiently manufacture auto vehicles, it is 

understandable why it would go to the market in search of an alternative solution, or 

address   

More specifically, in order to meet the time goal for releasing the product, Apple might 

need to acquire such capabilities from other market players, either through an 

acquisition, or a partnership. An envisioned example of such a scenario has been using 

BMW’s existing electric vehicle solution, the i3, as a basis for the Apple iCar. 

(Appleinsider, 2015)  

http://appleinsider.com/articles/15/09/14/new-bmw-ceo-still-willing-to-talk-with-tech-firms-like-apple-hints-at-manufacturing-partnership
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5 Discussion 

 

5.1 Commitment vs. flexibility 

Adner & Klingebiel (2015) note the limited applicability as a valuation tool in the 

context of management decisions, due to the precision required to conduct options 

pricing. However, they appreciate that the underlying reasoning has been well received 

by the investment community for the purpose of informing decision making.  

An argumentation for this effect presents optimal decision making under this approach as 

including sequencing of investments, together with appropriating low commitment and 

resource reallocation. In relation to product development, as is the case considered in this 

paper, long time periods required for the development phase cause high uncertainty from 

a managerial perspective regarding project success.  

For this reason, there is a strong case in favor of flexibility over commitment. On the 

other hand, the strategic reaction view poses that threat of competitive action prompts for 

decisions not to be lingered on, requiring that commitments be made regardless of the 

level of confidence in the outcome. Firms chasing high returns are conditioned to make 

bets on product innovations early on, placing constraints on the levels of flexibility 

which can be achieved in practice. According to Damodaran, product development also 

consists to a large extent in an approach referred to as “hope and pray”. 

Against the backdrop of the case study, if we were to assume veracity of information 

sourced outside the company itself, one prediction of real options logic can be put into 

context, namely that initial investments are exploratory in nature. It is recognized that the 

decision to abandon one project based on a set of considerations can lead to the pursuit of 

another. In this case, Apple has publicly admitted to exploring new technologies in the 

area of autonomous driving. Pursuant to a hypothetical decision in the context of the 

iCar, following this phase of exploration, it could be formalized that Apple has 

abandoned one project, in favor of pursuing another, on the basis of what is perceived as 

a lurking shadow option. Moves such as the R&D investment, or bringing together a 
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team of professionals, should be viewed as tentative. As such, it seems only logical that 

resource allocation should be conducted sequentially, beginning with low levels of 

commitment, and most importantly facilitating reallocation. (Adner & Klingebiel, 2015) 

 

5.2 Tackling the problem 

In relation to the overarching research question which was set out to be answered 

through this paper, the answer is not necessarily straightforward. Based on the 

experience of applying real options analysis to a hypothetical case, anchored in a real 

situation, it has been observed that real options analysis provides a complete framework 

for achieving a new perspective. Understanding the drivers of interconnected issues is 

critical to improving decision making capabilities, which is one of the focus areas of this 

study.  

On the other hand, with respect to achieving an improved, reliable and more accurate 

capital budgeting process, it can be argued that this study has achieved mixed results. 

The methodology for real options valuation is largely accepted, although it has been and 

still is, at the time of writing this paper, subject to much debate. However, given the 

strictness and high level of demand implied by options pricing models, such valuations 

produce valuable outputs just as long as the inputs which are provided to the model can 

be trusted. It is of crucial importance for the characteristics of the real options being 

analyzed to closely resemble those of their financial counterparts, which is in many 

highly strategic contexts accordingly unlikely.  

Not only this, but it is also necessary, in order to capture the potential value of available 

options, that their implementation be monitored and subject to scrutiny such that project 

execution matches the recommendations provided by the model. Organizational 

constraints often times cause such efforts to be hindered. It has also been argued that 

following the rather rigid course of action resulted from the analysis can lead to 

suboptimal results, effect which is compounded by the presence of shadow options and, 

more generally, all other unaccounted contingencies.  
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It could be argued that, provided sufficiently good inputs are available or can be obtained 

for the purpose and scope of the analysis, the result would be a better estimate of project 

value when compared to traditional capital budgeting techniques, particularly when 

applied to situations characterized by high uncertainty, investment irreversibility and 

where doubts regarding project viability are highest.  

To know this for sure, additional empirical evidence is required, which should 

demonstrate that firms applying real options logic outperform peers who do not. 

Arguably, given the fragmented nature of strategic management literature, it is difficult 

to advocate for the potential of real options reasoning to reconcile understanding the 

sources of sustainable competitive advantage. 

 

5.3 Limitations & Future research 

The analysis of Project Titan has been performed to illustrate the real options line of 

thinking in relation to a topic of relevance to the investment community at the time of 

writing.  

It is acknowledged that lacking primary data represents a major shortcoming with respect 

to the validity of the case study. It is rare that data on such highly confidential issues can 

be obtained, being used for purposes of internal analysis instead.  

A number of the assumptions which have been made rely on little to no connection with 

actual market data, despite being aligned with the most consensually accepted academic 

methods. However, they are a reflection of logical constructs developed at a theoretical 

level, which add a dimension of similarity to real phenomena which is difficult to match. 

On the other hand, estimations using market data have been computed, such as the 

volatility of the project’s returns using the returns on Tesla stock for the past year, which 

may not truly be an accurate proxy. The alternative would have been deriving the value 

of this variable through simulations, an approach which is unlikely to fully capture the 

effect of uncertainty. 



79 
 

Despite the attractiveness of the framework’s theoretical foundation, managers have not 

been swayed by its applicability, particularly in highly strategic contexts. Few cases have 

been documented relating to the use of real options analysis. Among these, Bowman & 

Moskowitz (2001) have detailed the outcome of Merck’s use of real options to make a 

decision regarding an R&D investment. Their study finds the implementation of real 

options analysis to have proven tremendously challenging.  

Among the issues identified in their study, one is the limited usefulness of a quantitative 

real options based approach to decision making, where investment characteristics are not 

matched with the implicit assumptions in options pricing models.   

Adner & Levinthal (2004) argued that an extension of all path-dependencies under the 

conceptual umbrella of real options analysis limited its applicability, rather suggesting 

that a refinement of the optimal scope of the theory is in order. An expanded 

understanding of the role this theory should serve in the resource allocation process is 

desired, as to address the issue of lacking clarity.  

It is debatable whether integrating all perspectives within a single framework for real 

options analysis serves this purpose. It is also fair to question the applicability of real 

options analysis as a “strategic theory of the firm”, to cite Rumelt (1984), but the 

statement of Foss (1998) should not be contradicted, that progress made in understanding 

the strategic implications of this theory should be considered a stepping stone. 

As ample thought has been dedicated to conceptualizing real options analysis since the 

term has first been used, future research efforts should also concentrate on measuring the 

benefits accrued by firms employing this tool. Research undertaken up to the date of 

writing this paper has proven inconclusive, with mixed results. Adner & Klingebiel 

(2015) dismiss existing empirical evidence as limited, citing Krychowski & Quelin 

(2010). For this to be achieved, an improved understanding of the measures which define 

the use of real options logic is also required.  
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6 Conclusion 

 

Based on the insights derived from this paper, the merits of real options analysis as 

complement to strategic planning and established financial theories of investment 

valuation have been recognized, particularly due to the added perspective on the impact 

of uncertainty which determines the potential value of future flexibility. 

The framework for the real options valuation component is highly dependent on inputs 

from other analyses, and its output is only as reliable as the assumptions which it 

incorporates, creating potential for pitfalls. On the other hand, the conceptual 

explanations resulted from real options reasoning can be tremendously informative for 

use in strategy. 

Valuing the considered project using a real options approach yielded a result which 

should have made for a more convincing argument in favor of investing in the project, 

for managers responsible with making this decision. However, as a consequence of the 

methodology, any identified real option could only have added to the potential value of 

the project, prompting the need to answer by how much, and under what circumstances. 

It is, therefore, not recommended that real options analysis be used as a go-to framework 

for conducting quantitative project valuations. The methodology is not sufficiently 

comprehensive, in relation to an associated level of accessibility, to warrant for a 

generalized applicability, particularly considering more complex investment scenarios.  

However, the application of a real options-based line of thinking is highly recommended 

so that the implications of undertaking a capital investment are more fully understood. 

Parties considering an investment might desire a valuation tool that is more accurate and 

reliable than one which is purely DCF based. In this scenario, they should be willing to 

allocate resources towards developing or outsourcing the capability to account for all 

inherent complexities when conducting real options valuation.  
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