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Abstract 

 

This dissertation is willing to delineate a systematic approach to navigating 

uncertainty and evaluate a project’s strategic flexibility. This research 

investigates the implementation of Real Options Theory (ROT) from an 

investment-decision-making perspective. First, the literature highlights the 

limitations of conventional corporate finance techniques such as Discounted 

Cash flow (DCF). There is a critical review of real options research to mark its 

strengths and denounce its weaknesses. In the second chapter, a practical 

framework is designed for practitioners with practical applications of option 

modelling in financial management. The third and last chapters exhibit a real 

case application in the automotive industry. The valuation models used rely on 

asset pricing techniques, so let’s say that “In Asset Pricing we Trust” (motto).  
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Introduction 

 
At the time a financial analyst evaluates an investment, they might consider the expected cash 

flows from the standalone value of a project, an asset, or a business venture; however, the 

underlying strategy that led the decision-making has value itself. According to M. Porter, 

strategy is “about being different”, by choosing among alternatives. When deciding whether to 

invest in a firm, hearing that the target company is about to launch a new product or expand 

into a new market will turn over a new leaf. The value generated from this choice is captured 

(even partially) by Real Options. Considerations of the subject can make managers foresee a 

plausible future evolution scenario to clarify the best business opportunities.  

In the last few decades, scholars have conducted thorough research on decision-making under 

uncertainty. The main work that followed was Dixit and Pindyck’s elaboration of investment 

under uncertainty, which inspired the entire dissertation. The authors denounce the “Orthodox 

Theory” as the conventional methodologies used to evaluate an investment and publish the 

Option Approach highlighting the implications of irreversibility, uncertainty and flexibility. A 

strategic investment can be seen as “a portfolio of real options” as stated by Luehrman, to enable 

corporate decision-maker to benefit form leveraged uncertainty and limit downside risk. 

Trigeorgis and Smit published additional interesting research that followed the planning 

required for the implementation of options in a competitive context, providing cutting-edge 

ideas to conceptualize how to behave and see opportunities and the potential pitfalls of the 

strategy. Both scholars argue about “inconsistency” of the traditional valuation models and 

present a shift in the current perspective in order to capture uncertainty. In the Discounted Cash 

Flow (DFC) model, risk is captured by the opportunity cost of capital, whereas in options 

valuation, the standpoint is on evaluating different possibilities. While the DCF approach 

assumes environment to be stable, in the Real Option does not. Competitors do not sit idly. To 

understand how to ascertain competitive advantage, Real Options provide a huge hand to secure 

a viable path to move forward.  
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The primary goal of this dissertation is to explore the application of real options to investment 

decision-making to evaluate Porsche’s strategic flexibility. It aims to understand how real 

options can be a strategic tool for managing uncertainty and flexibility, thereby contributing to 

the evaluation of value-creation strategies. The reader encounters three chapters in their 

conscientiousness, evermore “applicative.”   

 

The first chapter of this dissertation provides a further analysis of the literature in support of 

this subject, and the main research questions are as follows: 

 

I. First Research Question: What makes the Real Options Distant from Orthodox 

Theory? 

II. Second Research Question: What are the factors that influence the adoption of Real 

Options in investment decision-making? 

III. Third Research Question: What Is Uncertainty Made?  

IV. Fourth Research Question: Are the pricing methods sound for attaching value to 

business prospects? 

 

The answers to these questions are addressed in the subsequent sections of this dissertation. 

Thus, reading research contributions has its purpose, especially if the topic is unknown or has 

low familiarity. Despite not being widely adopted by Chief Financial Officers (CFOs), their 

understanding has the potential to create a competitive advantage in managing and generating 

value, and it serves to make more informed decisions. The methodology used to overlay theory 

onto reality is abductive reasoning. In research methods, “abductive” refers to the conception 

of the best explanation based on incomplete information. Real Options involve making strategic 

decisions under conditions of uncertainty, yet with information asymmetry, and give a hint 

about most courses of action. The most important delimitation refers to the fact that the 

monotonicity theorem is contravened because conclusions can sometimes change with 

additional information.  

In the first chapter, there is a mathematical explanation regarding the impact of uncertainty on 

decision-making and later the presentation of the theory of games, as well as the behavioral 

biases and criticisms of the pricing models. Even though the introductions of these themes seem 

to be ancillary to the scope of the thesis, they are useful for understanding the rationale behind 
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pricing alternatives. Valuation techniques are an essential contribution of Asset Pricing, and 

their reliability is based on the assumptions of market efficiency. An explanation of the pricing 

model will prove useful when analyzing the case study.  

 

The second chapter aims to illustrate various applications of the theory in the field of corporate 

finance. One such application is the implementation of the option approach to assess a firm’s 

corporate capital structure to determine the risk embedded in leveraged transactions. This 

contribution is reserved for practitioners.  

The third chapter presents a case study of the automotive industry. The scope of this study is to 

provide a concrete interpretation of the theory of reality. Currently, the automotive industry is 

enduring one of the greatest revolutions since its mass commercialization because it is one step 

away from switching to electric vehicles. Although the Green Deal goals exhibit inspirational 

stances, is our continent ready to deal with this issue? What is still missing regarding the best 

results? The discussion of whether conversion to electricity is the only way forward to achieve 

sustainability is beyond the scope of this study. The interest is to evaluate the decisions that are 

incumbent on the achievement of the mission.  

This case considers Porsche AG as the subject of inquiry because the top management declared 

that their vehicles will become 80% + electric by 2030. According to The Alchemy of Growth 

by Coley and White the business strategy can be looked into with three horizons of growth. I 

discovered that reading a book is one of the most suitable methods for determining Real 

Options. To put it simple, there are three horizons that examine the current, the emerging and 

the “game changer” strategy. The goal is to create visible options among the second and third 

horizons that can be added to the current value. How can Porsche become fully electric if there 

are low-charging stations in Europe? Have they reckoned that the majority of Europeans do not 

own garages?  

The main reason that explains why I found 3-horizions contribution relevant is that the options 

are not easy to be conceptualize, and it can’t not be that the reality adapt to the model, but it is 

the model that should capture the peculiarity of the reality. Another drawback is the lack of full 

disclosure of proprietary information crucial for valuation purposes. The strategic 

implementation plan presented herein aims to align with Porsche AG’s Mission 2030 with a 

renewed emphasis on sustainability. This plan outlines the steps that Porsche AG may take to 

achieve ambitious goals while maintaining a focus on sustainability. By adhering to these 
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guidelines, this plan aims to provide a clearer roadmap for Porsche AG to achieve their 

sustainability goals and successfully implement their Mission 2030.  

In the case study, the core of the investigation lies in assessing the feasibility of a Leveraged 

Buyout (LBO) transaction for the acquisition of Ionity GmbH, which is one of the leading 

charging station networks, as well as the potential expansion in a new business venture that is 

the yachting market by Porsche AG. The purpose of applying the real option model is 

hypothetical and is intended to illustrate the potential outcomes if the specified scenario were 

to occur. Therefore, it would be interesting to answer the following research questions in the 

case study: 

 

V. Fifth Research Question: Are Private Equity firms focused strictly on the LBO value 

by missing options with holding and post-exit strategies? What can be the assessment 

of their value?  

VI. Sixth Research Question: How can (beta) debt behave in the context of an LBO 

valuation? 

VII. Seventh Research Question: What would happen if Porsche position itself in a new 

business? What is the value added if the German car manufacturers expand?  

 

Finally, it is important to ensure that this dissertation is aimed at an academic audience and 

professional practitioners; thus, there is supposed to be previous knowledge about financial 

management.  The tone used is sometimes colloquial because it ensures a smooth reading flow. 
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Chapter 1: Real Options Approach and Its Relevance in 

Investment Decision-Making  
 

1.1.  Concept of Real Options  
 

Real options refer to a way of running corporate decisions, which are meant to be strategic and 

forward-looking and related to real assets. An analogy stands with financial options as 

derivative securities that give their holders the right (not the obligation) to purchase or sell the 

so-called underlying assets for a given price in the future. Assets are broadly defined as 

opportunities for business. A business opportunity involves value creation and is pursued by 

implementing a value-based strategy. In strategic management, the choice can be to invest 

tomorrow in an R&D program, patent, or plant expansion. However, it is worth evaluating when 

such capital expenditure creates greater value.  

In an environment of great uncertainty, the best-known Net Present Value (NPV) might be 

misleading. Because NPV has been conceived as a tool for making a unique decision, made 

now or never, assumptions concerning external conditions will not be made. Under the options 

framework, it is feasible to introduce flexibility to account for irreversibility, uncertainty, and 

timing better. For instance, managerial flexibility affects the options of delaying, abandoning, 

or investing.  

Since the term “Real Options” was coined by S. Myers (1977), defined as “opportunities to 

purchase real assets on favorable terms,” the concept has been forged ahead with several 

scholars as well as under empirical evidence, and it could be, nowadays, a valuable approach 

for capital budgeting1 and more generally investing in decision-making. Unlike conventional 

Discounted Cash Flow (DCF) methods, Real Options have been proven to be a powerful 

decision-making tool to allocate financial resources and maximize shareholder value by 

leveraging uncertainty and limiting downside risk (Arnold & Shockley, 2002). 

Real Options are supposed to cope with cases of high volatility – increasing worldwide in recent 

times – to implement a model that recognizes the flexibility of a firm’s investments. 

 
1 See also: Baker, H. K., Dutta, S., & Saadi, S. (2010). Management views on real options in capital 
budgeting. Journal of Applied Finance: JAF, 21(1), 18, pages 6-7. 
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1.2.  Orthodox Theory vs Managerial Flexibility: The Real Option Theory  
 

To run a business, a firm must purchase real assets, which are investment decisions. However, 

these items do not drop free from the sky, because they must be paid by selling claims on these 

assets and their cash flows. These claims are financial securities. Investment decisions are 

crucial to value-added creation in financial management. Strategic investment decision making 

is a broad topic that aims at a long-term goal and entails market positioning, competitive 

advantage, and so on.  

Capital Budgeting is the process of identifying and selecting investments in long-term assets or 

assets that are expected to provide benefits over the next few years within a shorter period 

compared to investment decisions. Nevertheless, firms must establish corporate strategies 

before entering into capital budgeting. The fundamental goal of this strategy is value 

maximization, which has been accepted as the rational basis for decision making.  

Conventionally, when a firm undertakes an investment, it squeezes earnings in the short run to 

expect the asset to generate cash flow in the near future. Hence, the “value creation’ jargon is 

favored for profit maximization, which makes it more meaningful in microeconomics theory. 

The recipients of wealth are, above all, shareholders since management operates in their 

interests. A financial manager’s job is to make decisions on behalf of the firm’s investors. 

Managers determine how to execute actions within a firm’s corporate strategy, either by looking 

at resource allocation constraints or in a competitive context in line with the firm’s goals. 

Although the previous consideration, in finance, more attention is paid to the time value of 

money, risk, alternatives, and future opportunities. An important frame is to consider decision 

making in a dynamic context because a trade-off commonly arises between risk and ex ante the 

decision – and opportunity cost – ex post the decision. 

Risk involves uncertainty, which is a deviation from a certain outcome, whereas opportunity 

cost considers the cost of regret when an alternative is selected. Within this framework, a firm 

chooses suitable investment projects and allocates resources by using capital budgeting tools2 

to achieve its goals. 

 
2 See also: Peterson, P. P., & Fabozzi, F. J. (2002). Capital budgeting: theory and practice (Vol. 10). 
John Wiley & Sons, pages 5-10 et. Trigeorgis, L.G. (1986). Valuing Real Investment Opportunities: An 
Options Approach to Strategic Capital Budgeting (flexibility). Harvard University, pages 26-29. 
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One of the simple rules that comes to mind in solving this type of problem is to discount the 

stream of expected cash flows, which are the benefits, and strip out the present value of the 

costs. The renowned rule is the Net Present Value (NPV), which consists of 𝑁𝑃𝑉 =

𝑃𝑉(𝑏𝑒𝑛𝑒𝑓𝑖𝑡𝑠) − 𝑃𝑉(𝑐𝑜𝑠𝑡𝑠). Investment is undertaken if 𝑁𝑃𝑉 > 0. A generic frame identifies 

this rule among the Discounted Cash Flow (DCF) methods as the most commonly used 

valuation technique. Valuation could either focus on firm-specific variables to gather 

information from earnings or observe more aggregate measures to reach earnings. This issue 

arises when calculating cash flows and discount rates. To cover a wide field of valuation, all 

major methods fall into three categories: 1) financial, 2) market, and 3) asset-based methods. 

Among the financial methods, the DCF technique estimates the value of a project by 

discounting the expected cash flows arising from managerial accounting at the lifetime risk rate. 

The discount rate is the cost of capital estimated from the CAPM (Capital Asset Pricing Model).  

The aforementioned approach belongs to orthodox theory3 as named by Dixit and Pindyck 

(1994), and the discern of the subject helps to answer the first research question. The economic 

idea is to continue investing as long as the marginal cost of capital is lower than the marginal 

return (Jorgenson, 1963). In recent years, the dynamics of the financial market and the 

competition have played a major role in project success. Management seeks flexibility ‘to 

capitalize on favorable future opportunities or mitigate losses’ (Trigeorgis, 1996). The NPV is 

misaligned to capture strategic value because it fails to capture the sequence of interrelated 

stages in an investment project. The management literature emphasizes the trade-off between 

commitment and flexibility, as the strategic context is uncertain by definition (Wernerfelt & 

Karkani, 1987). Real Options arose to bridge this gap with traditional capital budgeting methods 

(referred to as “orthodox theory”). Empirical research has found that the real world seems to be 

less sensitive to interest rate changes and tax policies; however, environmental volatility is a 

huge concern4. The NPV uses the implicit assumption that things are reversible. Otherwise, it 

is a single roll in cash flow.  Investors are supposed to make decisions in the present or later. 

However, one rationale may be that the opportunity to invest is an option to buy an asset. Real 

 
3 The definition has been taken from Dixit, A. K., & Pindyck, R. S. (1994). Investment under uncertainty. 
Princeton university press. The authors coined the term “orthodox theory” to refer to classical decision-
making theories such as the Net Present Value (NPV).   
4 See also: Carruth, A., Dickerson, A., & Henley, A. (2000). What do we know about investment under 
uncertainty? Journal of economic surveys, 14(2), pages 119-154. 
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options offer time decisions by adding flexibility such as the true NPV, which should be the 

classical sum of the NPV and the value of pertinent real options:   
 

True	NPV = Direct	NPV + 	Real	option	value 

 

Suppose a manager would desires to determine how NPV might behave with probable 

outcomes, considering that the market could rise (“strong market”) or down (“weak market”). 

Thereafter, the average NPV was computed by discounting with the cost of capital 𝑘  the 

expected value of project  𝐸(𝑋	). The gross value of one project, labeled by 𝑉, could go in the 

better case  𝑋" or in the worst-case 𝑋# under probability 𝑝. Thus, 

 

 
 

The value 𝑉 is given by: 

𝑉! =
𝐸(𝑋	)
1 + 𝑘

=
[𝑝𝑋# + (1 − 𝑝)𝑋$]

1 + 𝑘
 

 

Capital budgeting under uncertainty revisits decision-making from a world where cash flows 

are considered “safe.” The revisited NPV considers the value of the investment required 𝐼 to be 

stripped from the project’s value.  

 

𝑁𝑃𝑉! = −𝐼! +
𝐸(𝑋	)
1 + 𝑘

= −𝐼! + 𝑉! 

 

This computation is closer to what is said to be a “Strategic NPV” (Trigeorgis, 1993), which is 

a valuable candidate for tightening the bonds between strategic decisions and corporate 
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alternatives. The mission is to reflect on commitment, based on game theory, as well as 

flexibility under uncertainty, as captured by real options. The strategic NPV5 is indicated by: 
  

Strategic	NPV=	[Direct	NPV	+	Strategic	value]	+	Flexibility	value 

Strategic value is made up of (a) strategic reaction value standing for the change in market share 

and enterprise value and (b) strategic preemption value (timing effect) reflecting the potential 

rival’s prior claim to property shifting the market structure. For a review of strategic decision 

making [Figure 1], the literature arranges the most common tools based on flexibility and 

commitment. 

 

 
Figure 1 Posi,oning of Strategic decision-making tools among their applicability 

 

According to management theory, NPV is adequate when the external context is predictable. 

Under uncertainty, a strategic tool is better suited to identifying the sources of value creation. 

In this study, the focus is mainly on the real-options approach.  

Currently, strategic decision making is widely disseminated in the literature on Real Options 

Theory (ROT). The term option is important for determining the legacy of financial derivatives 

in employment as a future-choice assessment tool. Under uncertainty, a real-world decision in 

the real world6 (Luehrman, 1998) is as follows: 

 
5 See also: Smit, H. T., & Trigeorgis, L. (2017). Strategic NPV: Real options and strategic games 
under different information structures. Strategic Management Journal, 38(13), pages 2555-2578 
6 Luehrman, T. A. (1998). Strategy as a portfolio of real options. Harvard Business Review., 76(5), 89–
99. 
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• a call option, such as the right to purchase an asset in the future (i.e., the decision to 

undertake an investment) at the current price.  

• a put option, such as the right to sell an asset in the future (i.e., decision disposal of an 

investment) at the current price.  

 

How can this opportunity be invested in the future? This appears to be a call option [ Figure 2]. 

 

 
Figure 2: Opportunity to invest 

The value of an option can be interpreted as the flexibility value. Thus, the new NPV rule 

recites: 
 

𝐼𝑛𝑣𝑒𝑠𝑡	𝐼𝐹	(𝑣𝑎𝑙𝑢𝑒	𝑜𝑓	𝑐𝑎𝑝𝑖𝑡𝑎𝑙	𝑟𝑎𝑖𝑠𝑒𝑑	𝑐𝑜𝑠𝑡𝑠) ≫ 𝑣𝑎𝑙𝑢𝑒	𝑜𝑓	𝑡ℎ𝑒	𝑜𝑝𝑡𝑖𝑜𝑛	𝑎𝑙𝑖𝑣𝑒 

 

Connections to the strategic world focus on competitive advantage and innovation. Most of the 

time, firms obtain their options through patents, land, or natural resources, or through know-

how, reputation, or positioning. Under contract negotiation and access to investment 

opportunities, a firm can undertake projects that another firm cannot undertake. For instance, 

the “holder” of the right obtains access to upside potential opportunities (exercising the call 

whereby), whereas they edge downside losses (preventing the exercise of the call).  

There are several real options among the basic ones recapped7 here [Table 1], and various other 

uses and extensions can occur in the real world (Trigeorgis, Dixit & Pindyck, McDonald & 

Siegel, Kulatilaka, Leiblein and Miller, Huchzermeir & Cohen, Kogut) to enhance managerial 

operating flexibility and strategic interactions. Firms can be endowed with a portfolio of options 

 
7  Trigeorgis, L., & Reuer, J. J. (2017). Real options theory in strategic management. Strategic 
management journal, 38(1), pages 42-63. 
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with interactions between multiple alternatives. For instance, the decision to enter a new market 

may be a deferral or growth option as well (Folta & O’Brien, 2004). These options affect their 

value, which is why interactions should be considered before decision-making.  

 
Table 1 Strategic Investment Choices Seen as Real Op,ons 

Common Real Options  

Type of option Investment choice Nature of 

the option 

Defer or wait Delay the decision to invest when 

facing market uncertainty  

Call 

Growth Potential increase in equity stake 

if the firms enter into a new market  

Call 

Expand 

(scale/contract) 

Enlarge business ventures, 

outsourcing, or even cut 

unprofitable investments  

Call 

Switch  Change supplier or production 

across different subsidiaries.  

Put 

Abandon/exit Abandon the current operations 

(or sale for salvage) if market 

conditions deteriorate. 

Put 

 

Unlike financial options, real options entail certain peculiarities that designate the Theory. First, 

i) these options are not traded in the organized market, ii) the underlying decision might be 

partially defined in its terms, iii) the benefit can be secured only for short-term durations, and 

iv) its application could raise challenges regarding asymmetries, interactions/path dependence, 

and incomplete property rights. The notion of shadow options (Bowman & Hurry, 1993) 

suggests that a firm must reveal and appraise these ties as well as the hidden opportunities that 

can be released in the future. Otherwise, the firm can miss prioritized access to follow-on 

opportunities.  

Second, the ROT is deemed sound under certain hypotheses and reasoning that address its 

creation, preservation, and exploitation of tool features. The prevalent use of this device, as 

already mentioned, is due to uncertainty, and its implementation enables the mapping of 
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investment decisions to better recognize the drivers, structure, and management of complex 

proceedings.  

The Real Options Lifecycle can be mapped [Figure 3] in view of strategic management 

applications. The process begins with mapping the problem by identifying the main underlying 

uncertainty, irreversibility issues, and competitive pre-emption as key drivers. Decision makers 

seek to exploit upside potential outcomes and limit downside risk, which is exacerbated by 

uncertainty. trough Uncertainty embraces a variety of potential outcomes, and option value 

increases when uncertainty exists because it involves flexibility. Exogenous uncertainty derives 

from new financial information with no effort or specific action (i.e., the market), whether the 

endogenous requires costly measures. Moreover, managerial flexibility would be less appealing 

if the decision could be repealed costlessly. Thus, the irreversibility plays an important role in 

this process. 

Finally, further consideration affects the movement of competitors or new entrants, which may 

take a step forward in the market. The next stages affect the i) identification of shadow options, 

ii) the creation of basic options (e.g., defer, grow, abandon, switch options), iii) the 

management, and iv) the exercise or rather the exploitation of options (so-called “killing the 

option”). 

 

 
Figure 3 Mapping of Real Op,ons 

  

Management requires the development of an adequate organizational reality, comprehension of 

cultural and industry conditions, and behavioral biases. Much of the ROT literature deals with 
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the flexibility-commitment trade-off8. Each option represents a form of flexibility, and its 

exercise involves a commitment that may not be costless to undo. Considerations are made on 

the i) timing of market entry or exit and ii) the way of entry. Later, if it follows to continue 

strategy by the expand option, there will be valuation of the option and its performance; 

otherwise, in the strategy, some switch (change) may occur.  

Another issue is the assumptions on which the model was based. If the value of the option 

increases with uncertainty, the ROT encourages riskier projects and, as a norm, firms’ decision-

making approaches are biased when they face uncertainty. In the real world, the application of 

ROT can be limited when the conditions of flexibility and information accuracy are not 

matched. Managers should be aware of bounded rationality, limited information, and behavioral 

biases.  

 

1.3.  Market efficiency, optimum investment timing and Investment-

uncertainty relationship: Which Evidence for Real Option? 

 

A backbone of asset pricing considers the market as a place in which information can be grasped 

based on the player’s role. When new information arises, news spreads, which affects the prices 

of securities (Fama et al., 1969). Therefore, the nature of market equilibrium theoretically 

depends on the price-setting convention adopted by the players as a result of the sounded 

hypotheses. The main assumption is that market dynamics reflect all information required to 

make the decision-making process efficient.  

More precisely, this theory advocates several efficient market hypotheses (EMHs). However, 

with the advent of the new century, a growing number of critics have departed from this 

approach, shifting it to a behavioral approach.  

In any case, defining market efficiency, where the perfect competition assumption holds, at least 

three hypotheses are outlined: 

1) Transparency: Market participants have to obtain all relevant information for trading (i.e., 

prices reflect full information). 

2) Liquidity – all players are able to trade at any time; thus, investors can always cash in their 

securities. 

 
8 The definition has been taken from “Amador, M., Werning, I., & Angeletos, G. M. (2006). 
Commitment vs. flexibility. Econometrica, 74(2), 365-396”. 
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3) Low/no-market friction trade occurs at no transaction costs or taxes. 

 

Financial economics also has to examine the behavior of market participants, insofar as 

individuals, to be borne by rational hypotheses.  In this context, all individuals (i.e., decision-

makers in the current research field) have rational anticipation over i) expected returns, ii) risk 

aversion, iii) utility function, and iv) the indifference curve.  

The above-mentioned hypotheses are derived from the expected-utility theory, which 

(Friedman & Savage, 1952) is based on the axioms of Von Neumann & Morgenstern. This theory 

shows how individuals under certain hypotheses behave when facing risk. Expected utility can 

be quantified by considering the individual utility function and its distribution probability. If all 

individuals aim at utility maximization under rational expectations (i.e., the theory 

approximates toward firms striving for profit (value) maximization), then the return-risk 

optimization principle (Markovitz, 1952) is valid; therefore, the market price converges to 

equilibrium. Utility theory is built on axioms that make the model applicable to decision 

making9. The utility function measures the strength of an individual’s preference for alternative 

business opportunities: Each individual’s cognizance of risk relies on the asymmetry in their 

utility function. Initially, the theory was established with reference to the uncertainty. Knight  

1921) states that risk is measurable by the mean of the squared deviation of the ex-post unknown 

outcomes from the ex-ante average return, whereas uncertainty is not. Uncertainty, on the other 

hand, is related to a situation lacking full information. Empirical studies have found a negative 

relationship between uncertainty and investment (Ferderer, Leahy and Whited, 1996)10, which 

is partially solved from the ROT perspective. The understanding of this linkage alongside the 

variables that impact Real Options is crucial to answer the second research questions. 

Investment behavior is sensitive to uncertainty and risk preferences towards risk. This study 

questioned how decisions are taken under risk; thus, it is essential to consider the contribution 

of McDonald and Siegel (1986) as a benchmark.  

Scholars demand that investors invest when they are willing to bear the cost of the investment. 

Here, the investment expenditure is considered as the sunk cost. Dixit and Pindyck (1994) 

designed a topic for real option decision-making, providing the main reference for later 

 
9 See axioms on: Schoemaker, P. J. (2013). Experiments on decisions under risk: The expected utility 
hypothesis. Springer Science & Business Media, pages 11-26. 
10  See also: Nakamura, T. (1999). Risk-aversion and the uncertainty–investment relationship: a 
note. Journal of Economic Behavior & Organization, 38(3), pages 357-363. 
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contributions. Because the value of options depends on the underlying asset’s riskiness, risk 

behavior is significant in understanding the pricing model leading to asset choices. In the first 

stance, investors are assumed to have risk-neutral aversion; thus, their utility function is linear. 

At time 𝑡, the manager may undertake an irreversible investment of their wealth at risk-free 

(i.e., no option to return the capital stock in the future) for a project whose value is contoured 

by 𝑋	as a stream of cash flows, and it is illustrated by a geometric Brownian motion11 (GBM): 

 
𝑑	𝑋$ = 𝛼𝑋$	𝑑𝑡 + 	𝜎𝑋$	𝑑𝑍$														or													

%	&!
&!

= 𝛼	𝑑𝑡 + 	𝜎	𝑑𝑍$     [1] 
 
where 𝑑𝑍$ is the Wiener Process increment. Under the conventional NPV, the firm invests if 

𝑋 − 𝐼 ≥ 0. Considering the investment rule that maximizes the expected project value, the 

value of the investment opportunity resembles the following:  

 

𝐹(𝑋	) = max
	'	∈	)

Ε[(𝑋) − 𝐼	)𝑒*+)	𝑑𝑠	]           [2] 

 
Here, Ε[∙] denotes expectation, 𝑠 is the set of Markov moments (i.e., stopping times), 𝑟 is the 

discount rate. The question is to identify the time 𝜏 the option would be better exercised by 

solving for the critical value	𝑋∗ (i.e., the optimum) of the project, where 𝑋- is the given value 

of 𝑋	today.  

In an efficient market, prices fluctuate randomly over time and their movement is unpredictable. 

The hypotheses are associated with the “random walk” (Samuelson, 1965) concept, which 

characterizes the change in stock prices in the future to be independent of its previous 

movements. In addition to discrete-time random walks, a random variable can alternatively 

follow a continuous-time process. The market promptly adjusts to new information, thereby 

changing asset prices. At that time, a variable evolves randomly, at least in part, the forecasting 

of the status 𝑋$./ depends only on 𝑋$, and nothing is related before time 𝑡.  

 

Now, the scope of the research is to investigate the effect of uncertainty over an investment; 

hence, the effect on the time to invest. (Sarkar, 2000; Wong, 2007). The uncertainty must be 

𝜎 > 0. Investment timing is the expected time that triggers an optimal investment. According 

 
11 See the appendix 1 for the derivation of the investment opportunity and optimum value process [Notes 
I-VI]. 
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to CAPM, the risk-adjusted rate of return is 𝑟 = 𝑟0 + 𝜆𝜌𝜎. where 𝑟0 is the risk-free rate and 

𝜆 = (𝜇1 − 𝑟0 𝜎1)⁄  represents the price of risk, where 𝜇1 	and 𝜎1 are the drift rate and volatility 

of the market portfolio, respectively. In fact, 𝜆 is also said to be the Sharpe ratio. Furthermore, 

the portfolio of risky assets follows the GBM. In particular, 𝜌 ∈ [−1,1]  is the correlation 

coefficient between the project value and the market portfolio’s return. However, the	𝑑𝑍	Wiener 

increment equals 𝑑𝑍 = 	𝜌𝑑𝐵	 +	o1 − 𝑝2𝑑𝑍, where 𝑑𝐵 is the Wiener process increment for 

the market portfolio. In particular, 𝜌2𝜎2 and (1 − 𝜌2)𝜎2 capture systemic and idiosyncratic 

risk, respectively. Market portfolio holders are remunerated only for systemic risk under the 

CAPM assumption, whereas the investment option itself shares concerns regarding non-market 

efficiency. The addition of idiosyncratic risk is a slight correction to the original Pindyck model, 

which does not include this type of risk.  Alternatively, Eq. [1] can be rewritten as 	

 

𝑑	𝑋$ = 𝛼𝑋$	𝑑𝑡 + 	𝜌𝜎𝑋$	𝑑𝐵$ 	+ 	o1 − 𝑝2	𝜎𝑋$𝑑𝑍$          [3] 

 

Let 𝛼 < 𝑟0 + 𝜆𝑝𝜎, or shortly 𝛼 < 𝑟 to ensure that 𝑋∗ is finite. Hence, the function expressing 

the value of project at time 0  can be rewritten as follows: 

 

𝐹(𝑋	) = q	(𝑋
∗ − 𝐼) r&"

	

&∗
s
3	
												𝑋- < 𝑋∗	

𝑋- − 𝐼																											𝑋- ≥ 𝑋∗
        𝑋∗ = 45$6	

45$6*/
	𝐼,	𝛽 > 1 

 
The stochastic discount factor (𝑋- 𝑋∗⁄ )3 accounts for the time probability of one unit of money 

received at the time the optimal is reached, where 𝑏	is given as the positive root of a quadratic 

function, as follows:  

𝛽	 =
/
2
− (𝛼 − 𝜆𝑝𝜎) 𝜎2⁄ ± vw/

2
− (𝛼 − 𝜆𝑝𝜎) 𝜎2⁄ x

2
+ 2𝑟 𝜎2⁄               [4] 

 

Because the investment should occur immediately at time 𝑋- ≥ 𝑋∗, the relationship between 

uncertainty and investment will be better investigated in the opposite case, when 𝑋- < 𝑋∗. In 

the latter case, the investment option is retained in the firm’s portfolio until the investment 

trigger, 𝑋∗ is reached. Postponing an investment decision equal holding an asset that pays no 

dividends but may appreciate over time.  
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Simple calculus already shows that the wedge outstanding between 𝑋∗	and	𝐼 increases as a 

function of uncertainty; therefore, the NPV principle equating both terms no longer applies. 

The project’s critical value (i.e., the investment trigger), which makes the highest value during 

the exercise of the option value, shows a U-shaped pattern against the volatility of the project. 

However, what is the effect of uncertainty on the expected investment time? The probability 

density function of the investment time 𝜏 when the project’s payoff reaches the investment 

trigger 𝑋∗ from the initial value 𝑋-, and 𝑋 = ln(𝑋∗/𝑋-), is: 

 

Φ(𝜏) = &
7√29'%

exp |− /
27&'

w𝑋 − r𝛼 − 7&

2
s 𝜏x

2
}        [5] 

 

After the Laplace transformation of  Φ(𝑋, 𝜏), it is possible to derive the expected time to 

undertake the investment option under uncertainty as 

 

𝐸(𝜏) = ∫ 𝜏 ∙ Φ(𝑋, 𝜏)	𝑑𝜏 = − lim
:→-

<=(5'())
<:

@
- =

ABC*"
	

*∗D

E*7&/2
											[6]	

 

The relationship of uncertainty investment can be plotted by the effect of volatility 𝜎 on the 

expected exercise time [Figure 4]. The results of the investigation were maintained until the 

𝜎 ∈ �0, √2𝛼�. The graph shows that a low level of uncertainty reduces the optimal timing, 

whereas a high level of uncertainty increases it.  
Figure 4: Investment-uncertainty rela,onship 
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It should be noted that the real-world scenario was slightly more complicated. In reality, the 

enunciated share no strict correlation12. Here, these assumptions are clearly reported to have 

them clear. Yet,  

1. investors are risk-neutral towards idiosyncratic risk, meaning that they do not affect the 

project itself. 

2. volatility can be observed at on the efficiency market information always available.  

3. returns are distributed following the Normal distribution. 

4. investment cost is deterministic, constant and do not behave stochastically; 

5. random walk of real assets is symmetrical. 

Neither of the previous assumptions can be seen to occur in managers’ opportunity landscapes. 

Therefore, the opposite was true. Rewinding the tape, the EMHs are supposed to provide 

reliable information about the price of the underlying, just like the pricing environment relies 

on “Three Layers” as below [Figure 5].   

 

 
Figure 5 The Three Layers of Financial Markets 

 

In the finance field, this option to “purchase later” is a derivative. Therefore, the value of the 

derivative is related to the value of the underlying value. The process would lead to option value 

attribution is called “synthetization” and it is extremely relevant rely on sounded hypotheses 

for the markets (i.e., in this case is the “asset market”). The main issue colliding with pricing 

models is the assumption of market completeness, full liquidity, and frictionlessness, in which 

a market portfolio can exactly replicate the project value. The underlying asset here is not traded 

 
12 Real Op:ons in prac:ce A branch 
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into an established market most often because real options are a conceptualization of business 

opportunities seen just as “options” to undertake an investment.  

 

1.4.  Gambling and Behavioral biases: Which linkage with Real Options?  
 

Investment opportunities can be seen as games that address the flexibility-commitment trade-

off and illustrate decision-making in competitive markets. According to game theory, an 

examination must swivel at players, payoffs, and strategies. The ratio analyzes the steps under 

subsequent new incoming information because the theory supposes that the actions of the 

decision-maker affect those of the rival and that the competitors’ move impacts the firm’s own 

plans. The Theory of Games and Economic behavior comes after the utility theory of Von 

Neumann and Morgenstern (1944), when decision-making started to be looked in a strategic 

way. The theory strictly adheres to EMHs, with the players assumed to be rational and aware 

of the consequences. The utility function, which estimates individual preferences, focuses on 

how an individual evaluates trade-offs, where 𝑥 is the wealth/gain of a decision marker. The 

consideration of utility theory comes out at the time when people are more averse to potential 

losses compared to their willingness to take potential gains. Individuals choose the alternative 

with the highest utility. A decision undertaken should not only consider the increase in value 

but also the risk incurred until the accomplishment of the project. In valuation, consideration is 

made, for instance, on undertaking an investment with a significant amount of leverage. Among 

individuals, the analysis relies on those who are not risk-seeking.  

For a standard game, the setting supposes two-firms 𝑖  and 𝑗	(i.e., duopoly pre-emption game), 

each of them could undertake alternative strategy: “invest”/ “defer.” The game [Table 2] exhibit 

the “timing strategy” concept because the firm’s payoff affected by time. The game led to four 

scenarios:  

 

 
Table 2: PaIern of the Game 

 Defer Invest 

Defer Repeat game [𝐹G(𝑋$), 𝐹H(𝑋$)] 

Invest [𝐹H(𝑋$), 𝐹G(𝑋$)] [𝐹"(𝑋$), 𝐹"(𝑋$)] 
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In particular, 𝐹I+,K+ represents a firm’s payoff as a function of time 𝑡. At the beginning of the 

game, the firm’s revenue flow is given by. 

 

𝐹I+,K+ = 𝑋$ w𝐷L,,L-x 

 

Where 𝑋$ is the underlying asset; 𝐷L,,L- represents the competition factor, with 𝑘	 ∈ 	 {0,1}, for 

which 0 is assigned to an inactive firm and 1 to an active firm, with 𝑖 denoting the leader (L) 

and 𝑗  the follower (F). The presence of first mover’s advantage (pre-emption game) is an 

assumption underlying the model.  

However, the goal is to determine the dominant strategy at each node for the reference firm and 

the resultant equilibria. For the leader, the dominant strategy is 𝐷/.,-/ > 𝐷/.,// > 𝐷-.,-/. This 

interpretation suggests that the leader’s market share revenues are greater if it operates alone 

compared to when it operates with the follower (𝐷/.,-/ > 𝐷/.,//), in turn, these revenues are 

higher when the leader operates with the follower than when it is inactive (𝐷/.,// > 𝐷-.,-/). 

However, there should be an additional inequality that considers 𝐷/.,// > 𝐷//,/. which states 

that revenues from the leader’s market share are more than those from the followers when both 

firms play actively. However, the overall inequality can be rewritten as 𝐷/.,-/ > 𝐷/.,// >

𝐷//,/. > 𝐷-.,-/ . In the above representation, 𝐹G(𝑋$) and 𝐹H(𝑋$) represent the payoff of the 

leader and the follower, respectively, while 𝐹)(𝑋$)  represents the payoff when both are 

investing simultaneously. This strategy has been used in the discrete-time framework as a proxy 

for the continuous-time approach (Funderberg and Tirole, 1985).  

Because competition is supposed to be mainly a non-cooperative game, firms will reach a point 

where neither of them can gain an advantage by adopting a new strategy if the rival keeps its 

strategies unchanged. This set of strategies and the corresponding firms’ payoffs represent a 

Nash equilibrium. John Nash (1949) says “A game could be like a set of strategies which the 

players have to follow in their moves: the equilibrium is reached when a player does not have 

an inventive to change its strategy unilaterally. The players should gamble jointly’. The notion 

of equilibrium highlights the steady status of the game, where each firm holds an adequate 

expectation about its rival’s gamble, and thus it plays accordingly. The representation of the 

game follows the pattern shown [Figure 6].  
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Figure 6: Representa,on of sequen,al Real Op,on Duopoly Game 

 
 

A game can be in an “strategic form” or in an “extensive form.” In the first case, the players 

gambled simultaneously and independently, whereas in the second case, the players participated 

in the game by taking turns. The ROT configures games as sequential trials in which firms can 

either invest or defer investments. The games could be repeated unlimited times when the firm 

defers, but only once when the firm invests. Because the equilibria of the game are not easy to 

assess when the option to invest matures at some point in time when the option potentially holds 

infinitely, the convenience would be understood when the value of the investment reaches a 

threshold. The followers ‘follower’s and leaders’ payoffs can be plotted with respect to time 

[Figure 7] considering the behavioral biases involving decision making.  

 
Figure 7: Firm’s payoff 

 
Here, the 𝑋H∗ and 𝑋G∗  are the investment thresholds for the leader and followers, respectively.  

Games can be embedded in the Real Options model, as the option value to defer investment is 

driven by the fact that both firms are afraid of being preempted in the market by competitors 

because of the first-mover advantage principle. More competition leads to a lower value for the 

option to wait (i.e., defer) the investment. Game Theory is built upon the soundness of EHMs 

and is far from to consider the behavior biases involving making.  
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At the time, decisions involving individual risk prediction of prospect theory (Kahneman & 

Tversky, 1979) could provide a more valuable explanation of investor behavior. The prospect 

theory (PT, hereafter) incorporates the cognitive errors that occur in the decision-making 

process referring to “a prospect” as a way individuals evaluate potential outcomes. The 

expected-utility theory fails to explain how situations can change an individual’s decision, nor 

does it show decision-makers’ risk-averse behavior when facing certain gains and risk-seeking 

when suffering losses. In this context, selecting a certain option over a probabilistic option, 

even though with a to superior expected outcome, exhibits risk-averse behavior, whereas 

picking up instead a probabilistic option that entails a lesser expected value shows risk-seeking 

behavior. The theory states that people are averse to the possibility of losing because they would 

avoid a loss rather than bear the risk of making an equivalent gain. In PT, decision making is 

based on values attributed to gains or losses with regard to a reference point and decision 

weights. Individuals have (a) subjective values towards the outcomes of a gamble and (b) a 

decision weight that defines their preferences. 

Because managers bear the burden of being in charge of optimal decision making, PT provides 

consciousness about bounded rationality. Most importantly, managers will be able to learn and 

be made aware of their mistakes, as well as how to avoid them. Bounded rationality refers to 

the “limits experienced by managers in their ability to interpret a large volume of pertinent 

information in their decision-making activities” (Simon, 1979).  These contributions conceive 

the shift from a normative approach – the expected utility theory – and a descriptive approach, 

which is prospect theory, thereby enhancing the real option approach and providing important 

insights into decision making under uncertainty.  One of the most prominent aspects of ROT is 

its ability to capture the value that stands in possibility, rather than in probability.  

The most important lesson derived from this chapter is to look at the projects in a series of 

stages. Choice on a project rather than one another is based on at least three constraints: 

features/scope, cost, and time. Managers assign priority based on the level of criticality of the 

project to its ability to benefit the company.  Each project has its own life cycle depending on 

the processes that characterize the industry. Therefore, it would be difficult to standardize a 

model that fits all projects. In the Project management life cycle, the accepted pattern considers 

five stages: i) the initiating phase, ii) planning, iii) executing, iv) controlling, and v) closing. In 

the first step there’s “the initiative,” where the vision, mission, and goals are established. This 

stage begins with the identification of business needs and project responsibilities along with an 
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assessment of the project’s initial feasibility. The following stages are most critical: planning 

and execution. During the planning phase there is a break in the project activities in a smaller 

group of tasks (the so-called work breakdown structure, WBS). For a financial analyst’s job, 

the resources and costs are budgeted, and the project duration is estimated (i.e., scheduling). 

The executing phase involved launching the project. The hummingbird (i.e., a funny way to call 

the project) is ready to take flight. However, the project must meet the initial objectives; the 

sponsors or external clients (i.e., how provides the resources, guidelines, assurance process, 

etc.) should have authorized the execution phase in order to see the green light, and the 

marketing and press office department can make the project public. The roadshow and investor 

education are in the hands of the global coordinator(s), which is the advisory firm (generally, 

and investment banking firm for huge projects) that contributes to creating the demand for 

shares in the case of listing (i.e., bookbuilding). Ultimately, the controlling or closing phase 

alternatively occurs whether the project is kept, then it goes through the management process, 

or there is an exit strategy if the project is taken apart or buyout by another sponsor.  

The ROT is supposed to spot-on the above-mentioned critical phases in view of the real option 

lifecycle, as seen before [Figure 3]. Most projects are not launched after a single investment, 

but conversely, there are follow-up investments during the planning and execution phases. 

In the automotive industry, for instance, risky projects can be undertaken and a sound valuation 

is performed. Considering that a new vehicle’s projected lifetime takes a decade, at least three 

essential phases can be achieved: 1) research and conceptualization, 2) the development cycle, 

and 3) large-scale production. Not all car manufacturers adopt the same lifecycle with identical 

project paths, as some are confidential and non-made known, but it is reasonable to believe that 

the automotive product lifestyle (APLC) resembles the below-image [Figure 8]. 

 
Figure 8: Automo,ve Product Lifecycle (APLS) stages: OuUlows (investments) and Inflows (Gains) 
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Why is real option valuation more suitable than the traditional net present value? The first 

reason is that the long-time horizon, as already mentioned, gives more time to react/intervene 

in uncertain conditions because the flexibility enhanced in the investment option itself leaves 

the possibility of abandoning, delaying, or even switching the current investment. Recently, in 

the case of R&D projects, the incurred risk is better assessed in real option pricing because of 

the use of risk-adjusted measures, while NPV strongly relies on the discount rate to conclude 

an opinion over the decision to undertake.  

  

1.5. Strategic Decision-making with Real Options 

 

The strategy could be seen as portfolio of real options (Luehrman, 1998), so executives know 

that implementing a strategy means choosing among alternatives, which are represented by 

options. All these options come together as a portfolio of options, seen with a metaphor it like 

to cultivate “a garden full of tomatoes in an adverse climate.” A garden is a call option space.  

Lutherman adopted two metrics to measure options and consequently plot the options in a 

garden: 

• Value-to-cost: the value of the underlying asset supposed to be bought/acquired 𝑆-	over 

the present value of the expenditures needed 𝐾. 

• Cumulative volatility – to measure the expected change before time runs out, and 

investment is undertaken. 
 

To see how options valuation is related to traditional DCF-based capital budgeting, consider 

NPV to be the measure of how much an asset is worth and its cost, so 𝑁𝑃𝑉 = 𝑆 − 𝑃𝑉(𝐾). The 

value-to-cost ratio is then marked by 𝑁𝑃𝑉M to refer to the project’s assets. If the metric value is 

between zero and one, the project is worth less than its cost, and the call option is out-of-the-

money; conversely, when the metric is greater than one, then the project’s value is worth more 

than its cost, and the call option is in-the-money. The NPVq equals: 
 

𝑁𝑃𝑉% =
𝑆!

𝑃𝑉(𝐾)
 

 

In the case where the project can be delayed, the 𝑁𝑃𝑉M stands in the horizontal axis of the option 

space [Figure 9], which matters, as does the riskiness of the project, which is reflected in the 
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variance 𝜎.	 The 𝑁𝑃𝑉M can also be called the moneyness of the project, while the cumulative 

variance 𝜎2𝑡	is represented on the vertical axis by its square root, which is the cumulative 

volatility.   

 
Figure 9 Call Op,on space 

 

Options (or projects) for which either 𝜎 or 𝑡 is zero have no cumulative variance and can be 

evaluated using standard cash flow techniques. However, when both  𝜎 and 𝑡 are not zero, DCF 

can lead to incorrect exercise decisions. Now, it is possible to represent the option space in more 

detail [Figure 10]. Suppose three managerial prescriptions for options with  𝑁𝑃𝑉M > 1, then, 

• At the top level, options with no cumulative variance must be exercised immediately. 

• In the middle, options that are in the money, but for which there is some cumulative 

variance, the firm should play for time (i.e., defer) to be ready to exercise. 

• At the bottom level, options are very promising because 𝑁𝑃𝑉M > 1 even though their 

NPV is negative, the firm should wait and see. 
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Figure 10: Decision Space to exercise the decision. 

 

The value to cost is a metrics that contains all the usual data captured in the NPV, but adds the 

time of being able to defer the investment. Here, both value and cost refer to the project’s asset 

rather than the option on this asset. The distance existing the current value and the exercise 

value is said to be the moneyness.  

• 0 < value-to-cost < 1: The project is worth less than the PV of its costs. The project was 

an OUT of money. 

• value-to-cost > 1: The project is worth more than the PV of its costs. The project was 

IN Money. 

 

However, the option space can be completed as a matrix similar to the BCG matrix [Figure 11] 

to locate corporate projects and to look at whether to invest.  

 
Figure 11: Real Op,on Investment Matrix 
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1.6.  Real Option Pricing  
 

1.6.1. Valuation Model Development 
 

Investment opportunities refer to a firm’s commitment to look forward to future growth. If a 

manager has to pick up one project among a portfolio of different alternatives, they could go 

through the first screening with those projects that align with the company’s culture and vision. 

Therefore, after mere qualitative management screening, the decision focuses on pricing 

alternatives, or better said “pricing options.”  

Traditional valuation tools assess value creation following the theoretical rationale that “value” 

can be represented by the cash flow generated by the unit reflecting time and risk. Conversely, 

real options move forward as valuation tools by changing the main prospective of observation 

at the time their model valuation includes the dynamic complexity of the real word. Whereas 

traditional methods are static decision tools, real options include the flexibility to adapt to 

changes in the business environment, which represents the additional value given. The ROT 

implementation involves different steps, including their identification, build-up, management, 

exercise, and evaluation. A useful strategic tool is the already presented Real-Option Life Cycle 

[Figure 3] to keep an eye on the process. 

Consequently, investment decisions can be mapped as options within a framework that relies 

on financial option pricing. The identification process is known as “screening”. 

 

Step I: Real Option screening: mapping business opportunities as “options” to identifying 

which ones belong to the investment project.  

 

Later, the process moves forward to option build-up. It is related to the determination of the 

underlying characteristics (i.e., design of options) and uncertainty score. Option pricing 

provides valuable insights for extending the valuation methodology to real assets.  

 

Step II: Real Option design: define the key features of the underlying project based on financial 

option pricing.  
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Step III: Real Option uncertainty scoring: define the key features of the underlying project 

based on financial option pricing.  

 

Before managers deliberate on any decision, whether the project will be undertaken or not, their 

reasoning relies on the information that they are able to catch from outside. Uncertainty, 

therefore, plays a crucial role because it clarifies the playing field. The ongoing process 

continues with management and ends with valuation and exercise.  

 

Step IV: Valuation & Exercise: define the key features of the underlying project based on 

financial option pricing.  

 

Because estimations rely on a single-point estimate outcome, there is often little confidence in 

its accuracy. At this time, the Monte Carlo simulation can provide decision-makers with a 

valuable explanation.  

 

1.6.2. Dealing with Uncertainty 

 

The theory indicates that uncertainty is the most critical variable driving decision making, 

which is why it should be better investigated.  

What is uncertainty made of is the third research question. In the current analysis, the most 

relevant for option pricing is the measurement of uncertainty under which flexible management 

can be exercised, such that “by making an initial investment in flexibility, the company reduces 

the cost of altering its strategy.”(Miller & Waller, 2003) As per the main hypothesis, a firm’s 

investments are negatively correlated with uncertainty. It is logical to suppose that increasing 

uncertainty is linked to a firm’s capital investments. Under uncertainty, real options acquire 

additional value because of their embedded flexibility. Managers advocate identifying 

opportunities and managing the risks associated with scenario planning. Understanding the 

scenario is of utmost importance because real options are not always worth applying. Similarly, 

the origin of uncertainty has a strong relevance in determining how to deal with its 

unpredictability.   

At first glance uncertainty - as already said - can be classified either exogenous or endogenous. 

Exogenous uncertainties arise from the external environment and are unaffected by corporate 
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decisions. Instead, endogenous uncertainties relate to information asymmetry. Despite the 

clarification presented by Knight (1971), uncertainty and risk still cause large confusion. 

Uncertainty can be dissected under the proposed framework (Courtney, 2003) of the four levels 

of analysis [Table 3]. The traditional valuation model clearly supposes entry-level uncertainty, 

at most, to catch second-level uncertainty, but the turning point would be to account for or 

uncertainties.  
 

Table 3: Uncertainty level of analysis  

Level of 

uncertainty 

Definition Description 

I A clear-enough 

outcome 

The forecast can be defined “close 

enough” or the decision at hand 

II Alternative outcomes It can be defined a set of possible 

outcomes, one of which will occur. 

 

III A range of outcomes It can be established a range of 

possible outcomes 

IV True ambiguity Impossible to be estimated  

 

When the scenario is uncertain, new information factors will arise, providing managers with 

the task of responding appropriately to market challenges. ROT suggests some mediating 

factors that affect decisions under uncertainty.  

The first mediator is investment irreversibility (Driouchi & BenneH, 2012). In reversible 

investment, a firm can recover its funds. However, it is not threatening, as things cannot be 

reverted when the allocation of resources should be more careful. In such cases, irreversibility 

can be measured at an industry-specific level by looking at the size of investment on average 

by firms’ target operations and contractual commitment jointly with sector EBITDA. So, 

considerations are to be made on managerial flexibility which benefits from uncertainty (Dreyer 

& Grønhaug, 2004). The first proposition states that:  

 

Preposition 1: In turbulent competitive environment, firms with a high degree of flexibility 

perform better then firms with less flexibility.  
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Thus, the investigation of the impact of different types of flexibility arises from environmental 

uncertainties. Here, we obtain the second proposition, which exhibits.  

 

Preposition 2: The value of different forms of flexibility relies on uncertainty factors in the 

competitive environment.  

 

The second mediator indeed regards the competitive context. A firm is more likely to defer its 

capital investment when the landscape appears blurry. However, catching competitive action is 

not an easy task. Most studies examine industry concentration or market size, external threats, 

and the allocation of bargaining power. The environment deeply affects enterprise value through 

the composition of a firm’s assets and liabilities. The third mediator considers corporate 

financial policy. As a proxy for a firm’s investment decisions, Tobin’s Q is measured as the 

market value of the firm to its book value or replacement cost of its assets. Financial policy 

entails cash flows (CF) and marginal cost of capital (MCK) and is animated by the third 

preposition.  

 

Preposition 3: Firm’s financial policy affects the flexibility management 

 

A firm’s major wish is managerial flexibility, because of the possibility of exploiting 

opportunities related to the environment. In the absence of flexibility, the probability density 

function of the NPV is symmetrically distributed around the average expected value. With 

embedded options, flexibility causes the NPV probability density function to become right-

skewed. In an asymmetric distribution, the true expected value exceeds the sum of the net 

present values as a reflection of the flexibility premium. 

However, the measurement of the uncertainty is not straightforward. Accordingly, the above 

prepositions provide a significant clarification of the investigation of uncertainty. A forward 

approach to measuring uncertainty follows conditional heteroskedasticity under GARCH 

models (Bollerslev, 1986), which provides a time-varying estimation of uncertainty. More 

specifically, suppose we apply the GARCH-in-mean (1,1) as a good fit for volatility modelling, 

(Solnik et al., 1996)which is represented by: 
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ℎ$	 = 𝑤 + 𝛼/𝜀$*/2 + 𝛽/ℎ$*/	  

where,  

 

𝜀$ = oℎ$	 	𝑧$								𝑧$ ∼ 	𝑁(0,1) 

 

GARCH (1,1) can be extended to GARCH (p, q), where p is the lagged squared return, and q 

is the lagged conditional variance term. The model was parameterized by 𝛼 and 𝛽, the sum of 

which was less than unity. The process starts from the long-run average variance 𝑤, to add 𝜀$*/2  

as squared unexpected returns (“squared errors”) relating to the last period, and ℎ$*/	  as the last 

period variance.  

 

1.6.3. Valuation methodology 

 

Since Merton proposed the option concept for the real– “real world” decision on real assets, the 

accounting method to price real options embedded into projects divides at least in two ways: 

• standard option pricing: the traditional method includes binomial trees or Black-Scholes. 

• dynamic programming for sequential decisions: Monte Carlo method. 

Financial options are the basis for the pricing model, even though some adjustments should be 

made when the application considers real assets.  

An opportunity to undertake an investment can be considered a Call Option. This option has 

value that can be estimated through option pricing. The same consideration for the opportunity 

to sell/divest an investment represented by a Put Option. The valuation perspective is on the 

holder side, or better who “holds” the right (i.e. the person appointed) to make the decision. In 

the ROT, nobody cares about the counterparty that has the obligation to either sell or buy. This 

is because managers have the right to make a decision on something, but never the obligation. 

Thus, the point of view is so-called in derivatives pricing the “long position trader”. The 

exercise of the option to buy (i.e., the undertaking of the investment) will be when the stock 

price at time T (𝑆N)	is greater than the strike price (𝐾). The stock price represents the present 

value at time T of the project, whereas the price of the investment is highlighted by the strike 

price. If the exercise is related to the option to sell (i.e., to divest an investment), then the option 
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is exercised when the stock price is below the strike price. The optimal exercise is when the 

payoff is maximum, and thus the option is said to be in-the-money, which means.   

§ The Call Option is exercised when max	(𝑆N − 𝐾, 0), then it is in the money if 𝑆N > 𝐾. 

§ The Put Option is exercised when max	(𝐾 − 𝑆N , 0), then it is in the money if 𝐾 > 𝑆N. 

However, moneyness defines the payoff for the holder, whether positive or negative. In the 

ROT, a measure can be done by relating the project value today	(𝑆-) to the present value of the 

investment 𝑃𝑉(𝐾), which is. 
 

𝑀𝑜𝑛𝑒𝑦𝑛𝑒𝑠𝑠 =
𝑆-

𝑃𝑉(𝐾) 

 

The option value can be scratched over the underlying value for long calls and plugs [Figure 

12]. 

 

  
Figure 12: Value of the Long Call and Long Put 

 

The option pricing relates the value of the call or the put with the environmental variable, which 

behave opposite apart from volatility and time to expiration that benefits the holder of both 

options. In ROT the premium is the value added to the project because of the flexibility.  

 

Variable Sensitivity Call Value Put Value 

𝑺𝒕𝒐𝒄𝒌	𝒑𝒓𝒊𝒄𝒆	𝑺	 ↑ Delta ∆= &'
&#

 ↑ ↓ 

𝑺𝒕𝒊𝒌𝒆	𝒑𝒓𝒊𝒄𝒆	𝑲	 ↑ Vega 𝜐 = &'
&(

 ↓ ↑ 

𝑽𝒐𝒍𝒂𝒕𝒊𝒍𝒊𝒕𝒚	𝝈	 ↑ Xi Ξ = &'
&)

 ↑ ↑ 

𝑻𝒊𝒎𝒆	𝒕𝒐	𝒆𝒙𝒑	(𝑻 − 𝒕) 	 ↑ Theta Θ = &'
&(+,-)

 ↑ ↑ 

𝑹𝒂𝒕𝒆	𝒓	 ↑ Rho 𝜌- =
&'!
&#!

 ↑ ↓ 
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1.6.3.1. Binomial Tree Model 
 

Binomial Tree Analysis can be used to solve real-option valuation problems, as suggested by 

Copeland and Antikanov (2001). The binomial tree tries to reproduce the market swings of a 

traded asset that captures potential value in the future. The future outcomes could be either 

upside (𝑢) or downside (𝑑) of the value, and more steps in the tree imply higher precision. 

Therefore, these trees recombine at the same point because numerous paths lead to the same 

node. In the valuation field, it is better to be approximately correct than wrong. However, this 

binomial lattice can be regarded as a symmetrical probability tree with binary branches. The 

binomial lattice model provided significant flexibility.  

Suppose 𝑆 is the current market price of the asset and 𝑞 is the likelihood of an upward move to 

𝑆𝑢. Similarly, 1 − 𝑞 represents the likelihood of a downward movement to 𝑆𝑑. The process 

follows Brownian motion (GBM), as it easily reminds the random walk [Figure 13]: 

 

V 

Figure 13 Random walk (three ,me-steps) 
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The development of the computational coefficient is based on the work of Cox, Ross, and 

Rubinstein (1979): 
 

𝑢 = 𝑒7√∆$            𝑑 = 𝑒*7√∆$ = /
P
 

 

The downward movement is the reverse of the upward move because of the symmetry property 

around a constant dispersion coefficient with is given by the volatility		𝜎 of the asset.  If ∆𝑡 →

0. then 𝑢 = exp(𝜎). Each path of the tree has a probability of occurring as follows:  

 

𝑝 =
𝑒(/",0)∆- − 𝑑

𝑢 − 𝑑
 

 

The probability is based on risk-neutral pricing, but it adds the dividend yield 𝛿 which is useful 

to assess Real Options. It was assumed that the average downside and upside probabilities were 

equal to one. The factor 𝑒+0∆$ represents the risk-free rate, such as (1 + 𝑟0)∆$	 over time, while 

∆𝑡 is the length of one period. 

In the DCF case, forecasting is depicted without uncertainty by assuming that the expected 

growth equals at least inflation. The graph [Figure 14] shows that the DCF model follows 

straight-line forecasting, whereas the real value of the asset moves around the line. The asset 

swings are like a random walk, so at different times, actual cash flows can stand above, below, 

or on the line because of uncertainty affectation.  

 

 
Figure 14: Real Op,on vs DCF 

 

The volatility could be exactly the expectation, close the prior expectation or really far away. 

The higher the uncertainty then the higher the volatility.  
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A binomial tree can predict the value at the end of the nodes as well as the probability 

distribution of the outcomes. Suppose another step over the previous three-step binomial tree. 

The probability at the end node [Figure 15] is: 

 

 
Figure 15: Binomial la_ce 

 

The Binomial Option Pricing model (BOP hereafter) exhibit a given probability at the end-node 

originating from � $Q�𝑝
Q(1 − 𝑝)$*Q , where 	𝑡  is the number of periods and 𝜔 = 1,2, … , 𝑡 

represents the node position13.  

The uncertainty in the model is given by the delta between the change in price and stock options. 

Then, it states that: 
 

∆=
𝐹P − 𝐹%
𝑆/(𝑢 − 𝑑)

 

 

In binomial lattices the distance among the nodes, shown as “cone of uncertainty” exhibit 

increasing uncertainty over time. To score uncertainty, it will be better to go through simulation 

to run cash flow paths where the related distribution probability is assigned (i.e., like histograms 

in Fig. 10). The simulated paths adopt the GBM with fixed volatility, denoted by <"
"
= 𝜇∆𝑡 +

𝜎𝜀√∆𝑡 which follows a random walk.  

 
13 The binomial factor  = -2>	𝑒𝑞𝑢𝑎𝑙𝑠	𝑡𝑜	

-!
2!(-,2)!

. 
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In BOP, the value of the option is computed backwards. First, the assessment affects the last 

ending nodes and gradually returns to the current value by discounting the weighted average of 

the sourced nodes.  

We now consider the three-period model as a benchmark. The last ending nodes show the option 

value at time T=3, whose computation follows the payoff for the Call and Put options. Suppose 

a Call option value is at the last ending node, the value in the first-right node would be 

max	(𝑆-𝑢R − 𝐾, 0), or in simplified notation max	(𝐹PPP − 𝐾, 0). If the focus is on a put, the 

value is max	(𝐾 − 𝐹PPP, 0). The option pricing goes backward from the last option value, and 

at time 0, the current value 𝐹-	will be. 

 

𝐹-(𝐸𝑈) = 𝑒*R+S$[𝑝R𝐹PPP + 𝑝2(1 − 𝑝)𝐹PP% + 𝑝(1 − 𝑝)2𝐹P%% + (1 + 𝑝)R𝐹%%%] 

 

The formula described above prices the European Options (EU), that is, options that can be 

exercised only at expiration. If the pricing model is willing to entail the possibility of exercising 

the option even before expiration, the so-called American Option (AMEX), the call value (𝐶) 

at the previous node (i.e., at time T=2 in this case) will be 

 

𝐶2(𝐴𝑀𝐸𝑋)	 = 𝑀𝑎𝑥{|𝑆$ − 𝐾|., 𝑒*+S$(𝑝𝐹PPP + (1 + 𝑝)𝐹PP%} 

 

Similarly, the Put value (𝑃) at time T=2 will be: 

 

𝑃2(𝐴𝑀𝐸𝑋) = 𝑀𝑎𝑥{|𝐾 − 𝑆N|., 𝑒*+S$(𝑝𝐹PPP + (1 + 𝑝)𝐹PP%} 

 

The value today is then computed backward, and accordingly, the EU options repeat the prices 

until time zero.  European options are more immediate to value because there is a 

relationship between Call and Put options, the Put-Call parity. If the value of a call is known, 

the value for Put can be easily derived as 

 

𝑐 + 𝐾𝑒*+N = 𝑝 + 𝑆T 

 

where 𝑐 and p are the values of Call and Put, respectively. Some business opportunities might 

be seen as European options, as such occur most of the time, while others are American options. 
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In the American option, when one node exhibits a higher value than the value without 

exercising, it affects the value of the nodes that follow the tree. Consequently, the American 

option grants a higher value because can be exercised earlier, and it works as an upper bound, 

while the European option is the lower bound.  

 

1.6.3.2. Black-Scholes Method 
 

Black and Scholes (1970) proposed a model to valuate European options that are still considered 

as backbones in asset pricing. The Black Scholes Model (BSM) assumes that the percentage 

change in the underlying over a short run is normally distributed.  

 
∆𝑆
𝑆 ~Φ(𝜇∆𝑡, 𝜎2∆𝑡) 

where ∆𝑆 represents the change in the stock price S over time. In the option to invest, benefits 

and costs are distributed as a function of Brownian Motion, which is similar to the following: 

 

 

𝑂𝑝𝑡𝑖𝑜𝑛 = 𝐵𝑒𝑛𝑒𝑓𝑖𝑡𝑠	𝜙(𝑑/) − 𝐶𝑜𝑠𝑡𝜙(𝑑2) 

 

In the case of no uncertainty, multiplier 𝜙(𝑑	)  - which is the cumulative normal distribution, 

increases to 1; thus, is the NPV to be configured. In real life, the value of operating assets – 

which is the stock price – can change continuously, as can the call option. If the price of the 

investment K counts as deterministic (i.e., constant over time), then under normal market 

conditions 14 , the option value follows this distribution [Figure 11], where the difference 

between the two lines is the time value of the option, so the extra value is given by flexibility 

[Fig.16]:  

 

 
14 The normal market condi:on supposes a discount rate of 5%, a vola:lity of 20% and K=100.  
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Figure 16: Value of the Call Simulated (Monte Carlo) 

The Black and Scholes contribution provides an easy formula for the calculation of options to 

invest or sell:  

 

• Call option is 𝐶 = 𝑆𝑒*MN𝑁(𝑑/) − 𝐾𝑒*+N(𝑑2) 

• Put option is 𝑃 = 𝐾𝑒*+N𝑁(−𝑑2) − 𝑆𝑒*MN𝑁(−𝑑/) 

 

where 𝑑/  and 𝑑2  are parameters or locations of the Normal Standard Distribution. Briefly, 

𝑁(𝑑2)  is the risk-adjusted probability that the option will be exercised. Conversely, a more 

difficult explanation was reserved for the 𝑁(𝑑/) . This last multiplier factor denotes the 

expected value, considering the risk-adjusted probabilities of receiving the stock value at the 

expiration date of the option.  

 

𝑑/ =
ln �𝑆𝑒

*MN

𝐾𝑒*+N�

𝜎√𝜏
+
1
2𝜎√𝜏 

and 

𝑑2 = 𝑑/ − 𝜎√𝜏 

 

These two parameters can be seen as the logarithm of the moneyness ln[ 𝑆 𝑃𝑉(𝐾)]⁄  over the 

cumulative volatility 𝜎√𝜏 which traces the Luehrman contribution (1998). Financial options 
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have meaning for the ROT, considering the BSM variables with the real asset approach. 

Therefore, it is possible to find a strong correlation between financial options and project 

investment features (Trigeorgis 1996).  

 

Financial 

op*ons 

Meaning Real Option measure 

Stock Price 

(S) 

The value of the 

underlying stock 

Present value of expected project’s cash 

flow arising from the investment 

opportunity (i.e., operating assets). 

Exercise 

price/Strike 

(K) 

Agreed/contractual 

price at which the 

option can be 

exercised 

Price of the investment (i.e., overall 

expenditure required). Thus, it equals the 

present value of all fixed costs over lifetime.  

Time to 

expiration 

(t) 

The period along 

which the option can 

be exercise 

Length of time the decision-making can be 

deferred 

Volatility 

(𝜎) 

 

 

Standard deviation of 

underlying value 

Riskiness associated with the underlying 

operating asset with regard to the change in 

expected cash flows. 

Discount 

rate (r) 

Yield to discount the 

expected cash flows 

Time value of money 

Dividend 

(q) 

Dividend foregone 

because of no longer 

holding a bond 

Cost of obsolescence  

 

 

1.6.3.3. Monte Carlo Simulation 
 

Simulations are always methods that try to imitate a real-life scenario, and this is especially true 

when financial analysts try to forecast an uncertain future. There are multiple ways to predict 
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the future in order to answer “what-if” questions. For instance, time-series are best when 

condition doesn’t change (“ceteris paribus”), regression at the time past data could provide a 

pattern for forecasting, and last, simulation provide an outlook when historical data aren’t 

available. Each has advantages and disadvantages depending on the purpose, matter, and timing 

of valuation.  
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Chapter 2: Useful Application of the Theory: A 

Corporate Finance Prospective 

 

2.1. Types of Real Options 

 

Later there will be examined the most common types of real options. The number of options in 

the business are countless, the scope is to discuss the common ones and provide an application 

for peculiar options in the business analyst context. It is almost impossible to cover the entire 

literature on option valuation, and it is out of the scope for the current dissertation.  

Despite thorough clarification the understanding of the ROT application is not an easy task, so 

it would be better to look at the Final Case to get into mind what can be a good way of 

proceeding.  

 

2.1.1. Option to defer or delay 

 

The option to defer is considered the fundamental pillar of ROT applications because it 

considers the embedded flexibility that one choice over another might have. The concept of 

“wait and see” was shaped by Trigeorgis and McGrath (1997) and later used, especially for 

valuing patents or R&D expenses, and furthermore, the availability of natural resources. The 

decision-maker might appear quizzical when they face uncertainty towards the rising costs and 

the profit leftover if the project is delayed. Real options include rescue to get out of an impasse. 

It may sound counterintuitive, but huge uncertainty provides the option value to go 

skyrocketing, as gathering more information helps make a more reasonable choice. If the 

scenario is no longer profitable, the decision could be to abandon the project, preventing the 

firm from huge losses that would have occurred if the project had been undertaken.  

Any project requires an upfront investment. However, when to start is not a foregone conclusion 

because as long as the value of waiting to invest is higher than the value of investing now, the 

choice would be to defer.  
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Keeping the option alive, postponing the investment decision will have a cost: “cost of delay.” 

This cost is figurative, because count is the opportunity cost of renouncing to grant part of the 

gains. The annual cost of delay is marked by �̇� because it is the dividend yield in the financial 

options and is:  

 

�̇� =
1
𝑛 

 

where 𝑛  is the length of time of privilege, license, or patent in years. It follows that if a 

pharmaceutical patent for the development of new treatment is 20 years, the value lost by 

waiting over the year is 5%. The value of the future research can be found as: 

 

𝑉U =¡
𝑃𝑎𝑡𝑒𝑛𝑡	𝑣𝑎𝑙𝑢𝑒$ − 𝑅&𝐷$

(1 + 𝑟)$

@

$V/

 

 

The classical examples here apply to the pharmaceutical industry because their operations deal 

with obtaining a patent and there’s huge uncertainty to determine if the medical trials will be 

successful or not.  

 

2.1.2. Option to abandon  
 

Sometimes, organizations examine their Return on Invested Capital (ROIC) with the intention 

of discovering whether Real Options might prevent them from investing in opportunities that 

are unlikely to prove profitable. To illustrate, assume that S is the remaining value (i.e., the 

salvage value or disposal value) of a project, and L the liquidation value. If the project has a 

salvage value along the last period of its useful life, the value of going forward with the project 

is close to the liquidation value. The project has a finite-life, and the PV of cash flows is 

expected to decline over the years, so the dividend yield will be of a very low impact. The 

Valuation reassemble this time to a Put Option, because it has better to do with abandonment. 

If the firm has the opportunity to buy an insurance to liquidate back an asset, the abandonment 

option can be applied. 



50 

Suppose a firm is contemplating a 10-year investment in a real estate company, with an initial 

value of S, based on estimated expected cash flows. It should be noted that the investment can 

be terminated at any time by selling the share back for a minimum of € 50 K. 

o The variance of PV (cash flows) is 6% 

o The risk-free rate is 7%.  

o Solution:  

𝑆 = 110, 𝐾 = 50, 𝜎2 	= 0.06, 𝑡 = 10, 𝑞 =
1
10 , 𝑟 = 7%	 

𝐶𝑎𝑙𝑙 = 	19.41	𝑚𝑖𝑙𝑙𝑖𝑜𝑛	€	,	and from the Pull-Call parity 𝑃𝑢𝑡 = 	3.78	𝑚𝑖𝑙𝑙𝑖𝑜𝑛	€. 

Offering a put option can be a win-win solution. Suppose an investment in real estate with an 

initial outlay of € 100 M euros and the expectation of positive cash flows. The investor 

negotiates a put option with the seller, which would allow the investor to sell the project back 

to the seller if the actual performance does not meet the provided projections. This put option 

serves as a form of risk management, protecting the investor against potential losses due to 

factors such as bad luck, overoptimism, or deliberate underestimation of project costs. The 

investor’s willingness to pay a premium for the real estate is influenced by the inclusion of the 

put option, which provides a “safety net”. The investor may be willing to pay more than € 10 

M above the expected value, considering the protection offered by the put option. 

 

2.1.3. Option to Expand 

 

Firms typically invest in projects for the purpose of generating future investment opportunities 

or entering new markets. In these situations, it can be observed that the initial projects provide 

the firm with options that enable further investment in other projects. Consequently, it is 

reasonable to pay a premium for these options, as they offer the potential for future growth and 

expansion. The option to expand in the context of the automotive and technology industries 

refers to the strategic decision a company makes to increase its investment in a project or 

venture based on the success of initial operations or favourable market conditions. This real 

option is analogous to a call option in financial markets, where the holder has the right but not 

the obligation to purchase an asset at a predetermined price.  

Most common cases are the expansion are a reaction to the competitors moves, and the 

expansion might involve: i) entering in a new market (geographical expansion), ii) launch a 

https://ntrs.nasa.gov/citations/20160001191
https://ntrs.nasa.gov/citations/20160001191
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new product, iii) penetrate in a new business. For instance, an Airline considers initiating of 

new air services between Rome and Canada. The upfront expenditure for scheduling this new 

route is estimated to be €100 million. Although the forecasted cash flow for this destination is 

€80 million, the net present value (NPV) appears to be negative. It is unlikely that the expansion 

will be undertaken if the expected cash flow does not reach €200 million. Market research 

suggests that there is a growing demand for travel between Europe and North America, and if 

FlyJet extends its current routes, the carrier can expect to generate €150 million in revenue. 

However, due to the high degree of uncertainty in the market, it is worth to undertake the 

investment?  

• Solution: 

S=150, K=200, 𝜎2 = 0.08, t =5, r = 6%   

• 𝑑1	 = 	0.3357, 𝑁(𝑑1) = 	0.6315, 𝑑2	 = 	−0.2968, 𝑁(𝑑2) = 	0.3833	 

• Call = 37.92 million € > 20 million €  

 

Do not confuse the loss-making investment and the beginning because it is a sunk cost. In 

Corporate Finance, the cost that has to paid regardless the decision to undertake the investment 

or not has not to be taken into account.  

 

2.2. Debt, Rating and Borrower’s Credit Spread  
 

Capital Budgeting decisions strongly depend on the cost of capital as the main link between 

firms’ activities and markets. The cost of capital is the best available expected return offered 

(or better, required) in the market for firms’ underlying assets (i.e., the market refers to several 

assets with comparable risk). If the firm estimates the Internal Rate of Return (IRR) as the 

project’s operating profitability, the decision to invest is made when 𝐼𝑅𝑅 > 𝐶𝑜𝑠𝑡	𝑜𝑓	𝐶𝑎𝑝𝑖𝑡𝑎𝑙. 

The cost of capital is calculated by weighing the use of capital sources; thus far, this is known 

WACC the weighted average cost of capital (WACC). Financial leverage is commonly measured 

as the ratio of debt to enterprise value (debt over net assets). A real case capital structure, from 

Modigliani and Miller (1979), in a world with taxes, the choice between debt and equity 

considers debt financing cheaper for companies. This is because the debt holder is committed 

to making capital payments, whereas the equity holder is remunerated only on a residual basis. 

The debt is also tax-deductible. The need for capital leads firms to borrow money, but the debt 
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burden may become distressed if there is a large amount of indebtedness. All derived aspects 

are described as “agency cost of debt” whose consequences are:  

§ Increasing business risk: As debt increases, the management has an incentive to 

undertake risky projects. If a project is successful, shareholders get upside, whereas if 

it is not, debtholders get downside. 

§ Debt overhang: too much debt shrinks current investments since all earnings are 

supposed to pay the existing debt holder. 

§ Milking property: Bondholders have the first claim of a firm’s assets. When faced with 

bankruptcy, shareholders have a strong incentive to vote to increase dividends. 

 

Understanding the credit profile of a company comes to rescue the “Market Theory of the 

Firm”, which is the main pillar of corporate finance studies.  Companies are surrounded by the 

market; therefore, their assets suffer business risk, which includes county risk, industry risk, 

and the eventual shift in the competitive position, whereas they bear financial risk on the 

liability side. Within a firm, its core business activities are the “engine” while cash is the fuel. 

By adopting proper policies, the company’s management decides to balance the effect from the 

outside to create value added. Managers want to avoid distress that might arise under conditions 

of strong uncertainty and by undertaking risky projects. At the time, firms have difficulty 

forecasting cash flow, determining the level of risk, or being fair to a condition of normal 

efficiency, which could disturb the situation. 

In the WACC, the level of Debt over Firm value (𝐷 𝑉)⁄  is assumed constant over the valuation 

lifetime. Practitioners assume that industry leverage is the target leverage. However, with 

increasing debt issuance over a hypothetical desired level, debtholders will require a higher 

premium. The premium increases because investors will look at credit risk.   

Credit risk is derived from the possibility that a borrower defaults on its obligations to pay 

interest or repay the principal. In addition, the borrower's creditworthiness might worsen, the 

so-called “credit migration”. Consequently, the cost of borrowing departs from the risk-free 

rate when there is a sounded opinion that firms are unable to repay debt. The credit spread 

equals the difference between the cost of borrowing and risk-free rate.  
 

𝑐𝑟𝑒𝑑𝑖𝑡	𝑠𝑝𝑟𝑒𝑎𝑑 = 𝑐𝑜𝑠𝑡	𝑜𝑓	𝑏𝑜𝑟𝑟𝑜𝑤𝑖𝑛𝑔 − 𝑟𝑖𝑠𝑘	𝑓𝑟𝑒𝑒	𝑟𝑎𝑡𝑒 
 

Consequence: 
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o Cost of borrowing > Risk free rate 

o Rating is internal for loan and external for bonds. 

 

Banks also consider credit ratings before deciding whether lending is feasible. Borrowers with 

a higher outstanding credit spread pay more interest in debt because they are perceived as 

riskier.  

In general, credit risk can be assessed in Asset Pricing with: 

¨ Ratings/Internal models 

¨ Reduced-form vs structural models: Pricing a single bond with:  

o Merton (1977): consider debt as a zero coupon bond; 

o Leland (1994, 1996) considers debt a coupon-bearing bond. 

 

The rating is given by agencies (most commonly S&P, Moody’s, and Fitch) for public corporate 

debt or by internal models when the assessment is for loans.  

 

RATINGS (External assessment) 
 

Public Corporate Debt  
 

Rating agencies provide feedback on long-term corporate debt; therefore, their opinions could 

be above or below the investment grade [Figure 11]. Similar considerations for short-term debt 

[Fig.17] 

 

 
Figure 17: Corporate Debt Long-term Ra,ng 
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The letter grade reflects the bond safety. The determinants of bond safety 15 can be coverage 

ratio, financial leverage, liquidity, profitability and cash flow-to-debt ratio. The choice of 

parameters strictly depends on the nature of the firm and whether it is publicly traded or not.  

Fund raising through bond issues can be assessed in terms of accounting ratio to predict 

defaults.  

 
Table 4: Standard & Poor’s, 2012. Ra,ng classes and financial ra,os (Median values) 

Ratio(%) AAA AA A BBB BB B CCC 

Ebitda to 

Coverage ratio 

25.3 24.6 10.2 6.5 3.5 1.9 0.9 

Ebit to 

coverage ratio 

23.8 19.5 8.0 4.7 2.5 1.2 0.4 

FCFO/Debt 127.6 44.5 25.0 17.3 8.3 2.8 -2.1 

Return on 

capital 

27.6 27.0 17.5 13.4 11.3 8.7 3.2 

LT debt to 

capital 

12.4 28.3 37.5 42.5 53.7 75.9 113.5 

WCR/Debt 203.5 79.9 48.0 35.9 22.4 11.5 5.0 

 

A comprehensive and more standardized scheme for credit risk valuation relies on historical 

information. Historical data are statistics produced by rating agencies by showing transition 

matrix of rating migration and average cumulative default rates. Rating transaction matrices 

are used to estimate the likelihood of a company migrating from one category to another during 

a certain period. The one-year migration ratings [Table 5] probabilities. The higher the credit 

quality, the higher the value of debt, the lower the yield to maturity, and the lower the discount 

rate paid at the rollover of debt. The table must be read from the left column to the right. The 

rating can remain stable, upgrade, or deteriorate. Only clients in the default group remain 

defaulted.  

 

 
15 See Bodie, Z., Kane, A., & Marcus, A. (2013): Essentials of investments: Global edition. McGraw Hill.  
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Table 5: One year Ra,ng Migra,on Matrix, Fitch 1990-2022, Corporate EMEA.  

 
 

Cumulative default rates can be calculated for more years by considering the matrix product 

between the selected rectangles. By doing so, the outcome would be the two-year rating 

migration matrix, and repeating the process in the same way would lead to a three-year matrix, 

four-year matrix, and so on. For instance, the probability for an AA-rated firm to remain with 

the same rating in one year is 87,42%, but in two-years, the probability should fall closely to 

76,54%. The probability of a firm defaulting by the end of the first year starts from the AA-

rated bond.  

In general, default probabilities can be observed over the years, according to the rating [Table 

6].  

 
Table 6: Average Cumula,ve Default rates for corporates per years, Global (1981-2022) (%), Standard & Poor’s. 
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Further data can be found in the publications by corporate rating agencies, as the tables 

presented above are just explanatory examples.  

Slightly, even though significant, differences exist between corporations in the US and Europe, 

with the latter corporate bonds being less risky. The future forecast outlook shows a growing 

trend for 2024F [Table 7]. 

 
Table 7: Overall Default rate for corporate bonds US vs Eurozone (1981-2022) (%), Standard & Poor’s. 

 
 

Default rates exhibit the chance of a corporation failing on its debt issues, but not all are lost. 

When a company goes bankrupt, creditors claim against the company and often both agree to a 

partial payment of their claims. The price at which a bond trades after 30 days the declared 

default is the recovery rate.  

 

Private Debt 

 

Other instruments are debt, terms loans, and private placements. Term loans agree with the 

specified maturity to be repaid according to a lender schedule. These instruments include 

collateralized securities, hybrid securities (mezzanine financing), and structured finance 

products. 

 

 

 

If rating by agencies is not available, an entrusted optimist looks at the credit default swap 

(CDS) in the credit derivatives market to score credit spreads. A CDS implies that one 

counterparty bears the credit risk on assets in the case of a rating downgrade, the protection 

seller, and the other counterparty pays premium flows until the event occurs, the protection 

buyer. Here, the contract becomes relevant if the reference entities are insolvent. Because 
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neither the buyer nor seller is required to have a credit report on each other, the underlying CDS 

is creditworthiness. However, the CDS spread is the compensation of the protection seller for 

assuming credit risk, which is embedded in the corporate bond. Par CDS spreads are quoted in 

the basis points of notional value with respect to a reference obligation.  

Maturity can be linked to credit spreads [Table 8], with a peculiar curve for BBB and speculative 

bonds. Evolution in creditworthiness of the firm has “jumps” and the trends isn’t a pure 

exponential function.  

 
Table 8: Reuters, 2014: Credit Spread for Industrial Firms. 

 
 

  

INTERNAL MODELS 
 

Another path is to follow econometric modelling.  A scoring model specifies how to combine 

different pieces of information to obtain an accurate assessment of default probability. When 

dealing with corporate clients, one examines the firm’s leverage, profitability, or cash flow, as 

already described. The standard scoring model adopts the most straightforward approach by 

linearly combining these factors.  

Let	𝑥	denotes the factors and b the weights (or coefficients) attached to them; the score at 

instance 𝑖 can be represented as: 

 

𝑆𝑐𝑜𝑟𝑒I = 𝑏/𝑥I/ + 𝑏2𝑥I2 +⋯+ 𝑏W𝑥IL = 𝑏X𝑥I 
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where: 

 

𝒃 = ±

𝑏/
𝑏2
…
𝑏L

²	,						 		𝒃X = [𝑏/, … , 𝑏L],														𝒙𝒊	 = ´

𝑥I/
𝑥I2
…
𝑥IL

µ 							 

 

The model is known as the “Logit model” and has been used to investigate the link between 

binary probabilities (default or not-default) and the explanatory variables (i.e., variables of 

“bond safety”). The function of the model (CDF) can be modelled as  

 

𝑦 =
1

1 + 𝑒*41Z,
=

1
1 + 𝑒*(42Z,2.4&Z,&.⋯.4+Z,3)

 

 

The first step was to define the explanatory variables. Suggestions can be made based on 

Altman’s Z-score variables (Altman, 1968). The prediction variable takes the value of 1 in the 

case of default and 0 otherwise.  

 

REDUCED-FORM AND STRUCTURAL MODELS 

 
The credit spread model can be found following two alternative approaches: the structural 

model and the reduced-form model. 

• Structural model approach is bottom-up, because the evaluation begins with firm-

specific elements. Practitioners gather all the information that models the value of 

shareholders and debtholders based on a comparison between capital structure and asset 

value. The outcome generated is a theoretical spread generally called “econometric 

scoring”.  

• Reduced-form model is a top-down approach that is mathematically elaborated. Given 

the credit spread, the extracted parameters are the probability of default (PD) and loss 

given default (LGD). 

 

The reduced form finds its main application in Basel regulations (e.g., Basel II and III) for banks 

and financial institutions. For corporations, there is no consideration of exposure at default 
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(EAD) because the concept of risk-weighted assets (RWAs) is misleading. Firms have a 

productive capacity for their assets, unlike banks, so EAD can be excluded.  

At the starting point, corporate debt has a current value that depends on the face value. If 

government bonds are discounted as risk-free, the same yield cannot be adopted for a 

company’s debt valuation. Companies are far from bankruptcy, because the risk of 

default/downgrade is intrinsic to their proper operating activity. The probability of default (𝑃𝐷), 

loss-given default (𝐿𝐺𝐷), and credit risk premium (𝑐𝑟𝑝) are used to compute the current value 

of risky debt. Here, we display the price for government bonds and the risky debt issuance, 

where 𝑟0	and 𝑦 are the discount rates for the bonds: 

 

Government bonds Risky corporate debt 

𝐷!
/4 = 𝐹𝑒,/"×+ 𝐷!

/6789 = 𝐹𝑒,9×+ 

 

where 𝐹 is the face value of debt, 𝑇 is maturity, and 𝑟4 ≠ 𝑦. The discount rate for risky bonds 

can be extracted as: 
 

𝑦 = −
1
𝑇 ln ¹

𝐷-
+I)W\

𝐹 º 

 

The credit spread is as: 𝑐𝑠 = 𝑦 − 𝑟0. If we consider default as a possibility, the value of the 

bond would be16: 

 

𝐷-
+I)W\ = (𝐹 − 𝑃𝐷		 × 𝐿𝐺𝐷)𝑒−𝑟𝑓×𝑇 

 

The value of a risky bond is its 𝑃𝑉(𝑓𝑎𝑐𝑒	𝑣𝑎𝑙𝑢𝑒) less than the present value of its expected loss 

(𝐸𝐿). The expected loss was 𝐸𝐿 = 𝑃𝐷 × 𝐿𝐺𝐷. This relationship is valid only in cases where 

PD and LGD are obtained through other market prices (i.e., inferred from market data). 

Otherwise, these probabilities can be determined by historical expectations (h), but the discount 

factor requires a premium equal to the credit risk premium (crp):   

 

 
16 See the Appendix 2 [1] 
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𝐷-
+I)W\ = �𝐹 − 𝑃𝐷(ℎ) 	

	
× 𝐿𝐺𝐷(ℎ)�𝑒−(𝑟𝑓+𝑐𝑟𝑝)×𝑇 

 

The relation establishes that the credit spread is the historical expected loss plus the credit risk 

premium: 𝑐𝑠 = ℎ𝑒𝑙 + 𝑐𝑟𝑝 or 𝑐𝑠 = 𝑦 − 𝑟0: 

 

𝑐𝑟𝑝 = −
1
𝑇 ln¹

𝐷-
+I)W\

𝐹 − 𝑃𝐷(ℎ)	
	
× 𝐿𝐺𝐷(ℎ)

º − 𝑟0 

 

Where, ℎ𝑒𝑙 is the historical expected loss. 

 

2.3. Advancements on Cost of Capital estimation: Is Debt “sensitive” in an 

uncertain scenario? 

 

Issuing debt carries an inherent risk for companies that might experience credit migration from 

their outstanding ratings or worse defaults. All projects account for their risk profiles, and their 

funding sources play a pivotal role in corporate valuation. In these studies, critical consideration 

arose to emphasize the increasing “dynamicity” of the market. Even though the classic literature 

focuses mainly on equity capital markets (ECM), debt issuance is no less significant.  

The reasoning originates from Modigliani-Miller (1958) that in a world without taxes pointed 

out “the value of firm’s securities equals the market value of all cash flows generated by its 

assets” [Modigliani-Miller I preposition], hinting at the statement that value of a firm does not 

depend on its capital structure. However, the cost of debt is lower of the cost of equity, and 

moreover the cost of levered equity (e.g., it’s said “levered” when there’s also debt financing) 

increases accordingly to firm’s leverage value [Modigliani-Miller II preposition]. Despite these 

factors, the weighted average of the financing sources – the cost of capital – remains unchanged 

because the weights rebalance the capital use.  

In a world with taxation, secondary effects exist. The Firm has to pay taxes, so less is left to 

investors. Since the decision to debt recourse, the firm will pay less taxes compared to equity 

financing alone, which will generate additional cash flow. At this point, the consideration of 

debt is a game-changer. Without considering the debt financing effects, cash flow is unlevered 

cash flows (𝐹𝐶𝐹]), and the firm should still meet its claims towards all investors. If the firm 

honors its payments to debtholders, then the cash flow is levered cash flow (𝐹𝐶𝐹H) because they 
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belong only to equity holders. However, levered cash flows have not so far been a matter of 

interest because they consider only returns to shareholders, while the studies are more targeted 

to address the debt issuance effects in uncertainty.  

Thus, in the current valuation, if cash flows are discounted from the cost of capital without tax 

effects, the value originated is the value unlevered (𝑉 ). Alternatively, the value granted is the 

value levered (𝑉H) when the cost of capital considers the tax effects. The benefit arising from 

taxation is called the tax shield, and it is calculated every year until the end of the project; 

otherwise, it is calculated for lifetime in the case of asset or firm valuation.  

The cost of capital can be seen as the firm pays for its projects or assets’ cash flows. The 

concerned part regards betas as the sensitivity of a portfolio of securities, or just security, to 

systematic risk with respect to the broader securities market. Beta exhibits a non-diversifiable 

risk that investors cannot manage differently by avoiding. In the Market Theory of the Firm, 

the beta of the portfolio, which represents the firm’s assets, is the weighted average of securities 

betas.  

 

𝛽_`+$0`aI` = 𝛽5MPI$\ ×	𝑋5MPI$\ + 𝛽%54$ ×	𝑋%54$ 

 

Only two markets are considered – one for debt and the other for equity – rather than 

𝛽_`+$0`aI` = 𝛽6))5$). The sensitivity of equity (𝛽=)	securities towards the addition of more debt, 

known as equity beta or levered beta, can be derived from the contribution of Modigliani & 

Miller and the Capital Asset Pricing Model (CAPM). Equity beta considers both business risk 

and financial and includes the tax benefits of leverage. 

 

 

𝛽= = 𝛽 + (𝛽 − 𝛽b)(1 − 𝑡)	�
𝐷
𝐸�	 

 

 

The General application of the formula considers beta debt (𝛽b) equal to zero because scholars 

argue that debt issuance is illiquid with a low degree of systematic risk compared to debt 

because it is mainly represented by honored obligations unless the firm defaults. If 𝛽b = 0 the 

beta equity is also called the Hamada formula (Hamada, 1966) that all risks are borne by 
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shareholders. Other scholars have stated that beta debt embeds the sensitivity of credit spreads 

toward the borrower’s overall risk, so 𝛽b might not be zero.  

Numerous scholars have thoroughly examined the cost of capital17. The most cited researchers’ 

contributions are presented below as a summary of their estimations [Table 9]: 

 
Table 9: Summary of Formulas: Contribu,on from Modigliani-Miller, Miles Ezzel, Harris-Pringle 
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The determination of equity beta, a required variable for estimating the cost of equity under 

the CAPM, begins with the stripping out of leverage from peer companies (i.e., unlevered 

betas) to derive asset betas. These asset betas (𝛽'), alternatively called unlevered betas, do 

not entail a financial risk component given by leverage. However, the median value of asset 

betas can be used for re-leveraging the beta of the target firm with the entity’s own data.  

Several approaches can be implemented to estimate beta debt, but the option model is the 

most inherent in addressing an uncertain scenario.  

 
17 See the Appendix 2 [2] 
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2.4. Equity and Debt as payoff on Options: Focus on Risky Debt  
 

Consider a firm that has zero-coupon debt with a face value F; the debt will mature in one year. 

The overall value of a firm’s assets in one year from now is indicated by 𝑉 . Therefore, at time 

T, the payoffs for debt (𝐷N)	and equity (𝐸N) in one year are as follows: 

 

 𝑽𝑨 < 𝑭 𝑽𝑨 > 𝑭 Payoff at time T 

𝑫𝑻 𝑉  𝐹 min	(𝑉6 , 𝐹) 

𝑬𝑻 0 𝑉 − 𝐹 max	(0, 𝑉6 − 𝐹) 

6= 𝑉  𝑉   

 

The debt payoff can be seen as min	(𝑉6 , 𝐹), which is equal 𝐹 −max	(𝐹 − 𝑉 , 0). The last part, 

max	(𝐹 − 𝑉 , 0), is the payoff for a put option [Figure 18]. 

The approach discussed above is derived from Merton (1973), which provides robust 

application in environments characterized by high volatility. In particular,  

§ Debt corresponds to the face value of debt minus a put option: 𝐹 − 𝑝𝑢𝑡 

§ Equity is like a call option: 𝑐𝑎𝑙𝑙	~	max	(0, 𝑉 − 𝐹). 

 

 
Figure 18: The Debt and Equity with Op,on Approach 
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Then, moving forward the debt value at time 𝑇 = 0	will be: 

 

𝐷- = 𝑒*+N𝐸(𝐹 −max(𝐹 − 𝑉 , 0)) 

 

By expressing the above equation in explanatory terms, the debt value can alternatively be seen 

as the present value of a Zero-Coupon Bond (ZCB) less the value of the put: 

 

𝐷- = 𝐹𝑒*+$ − 𝑃𝑢𝑡 = 𝑃𝑉(𝑍𝐶𝐵) − 𝑃𝑢𝑡	 

 

The approach presented above has been shaped by Merton (1974) and is considered among the 

structural approaches. The rationale behind structural models is to provide a path to relate a 

firm’s credit risk to its capital structure. The model is based on the following assumptions: 

• the firm has issued equity and debt as securities; 

• the debt is a vanilla bond where the payment 𝐹 is promised at maturity; 

• the value of a firm’s assets is assumed to be derived from the portfolio of weighted 

securities. 

 

The concept behind the structural model is that default occurs when assets fall below the 

threshold defined by the face value of the debt. Similar to its application to real assets, the cost 

of capital can be determined using the option pricing model. Therefore, the following 

assumptions were made.  

 

Financial 

option 

measure 

Meaning for liabilities 

valuation 

Equivalent 

measures  

S Value of the firm’s assets 𝑉  or 𝑉	  

K Face value of debt 𝐹 

𝒓𝒇 Risk-free rate 𝑟 

𝝈 Volatility of S as % 𝑉6 𝜎 

𝒕 Average maturity of 

debt 

𝑡 
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To determine the WACC, we start from the cost of capital for the unlevered firm (i.e., under the 

Modigliani-Miller preposition). As the value of a company is not affected by its capital 

structure, the WACC remains steady.  

Combining the option model with the CAPM allows us to determine all components for the 

cost of capital outside of the external market data. Moreover, it is possible to price these 

variables using. 

• Binomial model 

• Continuous-time model (Black & Scholes) 

 

A. Binomial pricing model 
 

o Cost (beta) of equity 

 

The equity of the levered firm is assimilated to a call option on firm value, with a strike equal 

to the promised debt payment. A call can be seen as a portfolio of underlying assets combined 

with borrowings as follows: 

 

𝐶 = 𝑑𝑒𝑙𝑡𝑎f6aa ∗ 𝑆 − 𝐵 

 

where 𝑆 is the value of the firm’s underlying assets, and 𝐵 is borrowing. The cost of borrowing 

differs from the cost of debt because the former is defined as the yield to maturity on debt, 

whereas the cost of debt is equal to the expected return on debt. Then, the amount of the 

portfolio invested in shared assets is (𝑑𝑒𝑙𝑡𝑎	𝑉)/𝐸, while the part representing the underlying 

assets is 𝑋 = (𝑑𝑒𝑙𝑡𝑎f6aa ∗ 𝑆)/𝐶. From option theory, the delta of a call is: 

 

𝑑𝑒𝑙𝑡𝑎f6aa = ∆f 	=
𝑓P − 𝑓%
𝑢𝑆 − 𝑑𝑆 

 

The beta of this portfolio is equal to the weighted average of the beta of underlying securities 

(X𝛽 ). By doing so, beta equity can be found as:  
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𝛽= = 𝛽 × 𝐷𝑒𝑙𝑡𝑎f6aa ×
𝑉
𝐸 = 𝛽 × 𝐷𝑒𝑙𝑡𝑎f6aa × �1 +

𝐷
𝐸� 

 

o Cost (beta) of Debt 

 

The debt of the levered firm is valued as the 𝑃𝑉	(𝑍𝐶𝐵) less the 𝑃𝑢𝑡. The number of put options 

increases when S decreases. However, delta debt will be a negative value of delta put. 

 

𝐷𝑒𝑙𝑡𝑎%54$ =
(𝐹 − 𝑃𝑢𝑡P) − (𝐹 − 𝑃𝑢𝑡%)

𝑢𝑆 − 𝑑𝑆 = −
𝑃𝑢𝑡P − 𝑃𝑢𝑡%
𝑢𝑆 − 𝑑𝑆 = −𝐷𝑒𝑙𝑡𝑎_P$ 

 

Alternately, 𝐷𝑒𝑙𝑡𝑎_P$ = 𝐷𝑒𝑙𝑡𝑎f6aa − 1. The Put can be seen as: 

 

𝑃 = 𝐷𝑒𝑙𝑡𝑎_P$ × 𝑉 + 𝐵 

 

Thus, the fraction invested in the underlying asset is 𝑋 = (−𝑑𝑒𝑙𝑡𝑎_P$𝑉)/𝐷. The value of debt 

issuance is:  

𝐷 = 𝑃𝑉(𝑍𝐶𝐵) − 𝑑𝑒𝑙𝑡𝑎_P$ × 𝑉 − 𝐵 

 

The beta debt reassembles to: 

 

𝛽b = −𝛽 × 𝐷𝑒𝑙𝑡𝑎_P$ ×
𝑉
𝐷 

 

 

B. Black & Scholes option pricing model 

 
Consideration of debt issuance can also apply BSM to generate the value of Equity and Debt. 

The value of debt is:  

 
𝐷` = 𝐹𝑒*+N − 𝑃𝑢𝑡 = 𝐹𝑒*+$ − [−𝑉 𝑁(−𝑑/) + 𝐹𝑒*+$𝑁(−𝑑2)]

= 𝑉-𝑁(−𝑑/) + 𝐹𝑒*+$𝑁(−𝑑2) 
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Thus,  

𝐷T = 𝐹𝑒*+$ − 𝑁(−𝑑2) Ä𝐹𝑒*+$ − 𝑉-
𝑁(−𝑑/)
𝑁(−𝑑2)

Å 

 

However, the value of debt can be written to highlight the credit sensitivity measures, where: 

 

• The present value of a risk-free bond (e.g., ZCB) is 𝐹𝑒,/- 

• The probability of default is 𝑁(−𝑑P) = 1 − 𝑁(𝑑P) 

• The present value of recovery amount is 𝑃𝑉(𝑅𝐺𝐷) = 𝑉!
Q(,R()
Q(,R))

  

• The expected recovery given default can be seen as 𝐸(𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦|𝐷𝑒𝑓𝑎𝑢𝑙𝑡) = 𝐹 −

𝐸(𝑃𝑢𝑡|𝐷𝑒𝑓𝑎𝑢𝑙𝑡) = 𝑉!
Q(,R()
Q(,R))

𝑒/-,  the 𝐸(𝐿𝑜𝑠𝑠|𝐷𝑒𝑓𝑎𝑢𝑙𝑡) = 𝐿𝐺𝐷	 = 	𝐹 − 𝑅𝐺𝐷 

 

Thus, debt can be considered as the sum of the value of the bond times the probability of no-

default and the present value of the recovery amount times the probability of default, 𝐷- =

𝐹𝑒*+$𝑁(𝑑2) + 𝑉-
g(*%2)
g(*%&)

[1 − 𝑁(𝑑2)].  

Under Merton approach it is easy to derive the credit spread, which is: 

 

𝑐𝑠 = −
1
𝑇 ln Æ

𝑉-
𝐹𝑒*+$ 𝑁

(−𝑑/) + 𝑁(𝑑2)Ç	 

 

Alternatively, if leverage is denoted as 𝐿 = 𝐷-/𝑉-. Then, 𝐿 = 𝐹𝑒*+$/𝑉- and the credit spread 

becomes: 

 

𝑐𝑠 = −
1
𝑇 ln Ä

𝑁(−𝑑/)
𝐿 + 𝑁(𝑑2)Å	 

 

As the yield of a debt issuance is 𝑦 = 𝑟 + 𝑐𝑠, Merton provides an easy way to determine the 

discount rate for risky bonds. 

The most surprising result of Merton is that it relates credit spread to maturity. Suppose we 

point out different levels of leverage, 𝐿 = 1.4;… ; 0.6 and a maturity between 30 years. [Fig.19] 
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Fig.19: The Maturity Spread  

 

As well as debt, also equity can be found as: 

 

𝐸- = 𝑉-[𝑁(𝑑/) − 𝐿𝑁(𝑑2)] = 𝑉-𝑁(𝑑/) − 𝐹𝑒*+$𝑁(𝑑2) 
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Chapter 3: Valuation of Porsche’s Flexibility Strategy: Is 

the Real Option Model Robust? 
 

 

Porsche is a well-known German luxury car manufacturer that focuses on high-performance, 

two-door sports cars and SUVs. Since its founding by Ferdinand Porsche in 1931 in Stuttgart, 

this business has expanded to become one of the most iconic brands in the automotive industry.  

In its early years, Porsche was a consulting firm that offered motor vehicle engineering and 

design services. One of the first assignments was received by the German Labor Front to design 

a car for the “Volk/Völker” (de. People); that is, “Volkswagen” The real first car production 

was run by Porsche K. GesmbH, founded by their descendants (1949), after which the firm was 

taken over back by F. Porsche GmbH. However, the tie that weaves the two manufacturing 

firms together is strong even today. Several partnerships have been developed. In mid-2007, 

the families’ stakes in both companies were put together in Porsche Automobil Holding SE, 

incorporating F. Porsche GmbH. At the same time, Porsche AG was established for car 

manufacturing. In August 2009, Porsche SE and Volkswagen AG agreed that car manufacturing 

operations would merge two years later when Porsche AG was considered a subsidiary of the 

Group. More recently, on February 24th, 2022, Volkswagen AG and Porsche SE announced that 

they would examine the feasibility of a possible IPO by the manufacturing firm Porsche AG 

and the terms of the spin-off. Board management and the supervisory board communicate on 

September 5th, 2022, their “intention to float” on the Frankfurt Stock Exchange by the end of 

the year. The new entity has the full name of “Dr. Ing. h.c. F. Porsche Aktiengesellschaft” 

(Porsche AG or simply Porsche, hereinafter). On September 29th, 2022, one month after the 

presentation of the spin-off plan, an IPO took place. Bookrunners and global coordinators agree 

on a price range between EUR 76.50 and EUR 82.50.   

The present investigation seeks to advance the discussion of Porsche AG's valuation by 

demonstrating that the real options model can be effectively applied to provide a robust 

valuation of the firm in the face of various alternatives. The implementation of options is at the 

discretion of the firm because these opportunities are seen as the firm’s ability to avoid 

stumbling around complex industries and uncertain environments. The main research question 
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is whether Porsche’s strategy is sufficiently flexible to face a transformation change. The 

Automotive industry has experienced a lightning-fast change: How can Porsche swim in a sea 

full of sharks?  

 

3.1. Porsche Corporate Strategy: Horizon One 

 

An overview of the strategy that leads Porsche to create value is observed under three layers, 

which have been called horizons in “The Alchemy of Growth’ (M. Baghai, S. Coley, D. White 

1999). Ultimately, the pattern makes it possible to estimate project portfolios, growth, capital 

expenditure, and so on. The application of Real Options has a better fit with the second and 

third horizons because of the opportunity to enhance new projects, abandon, switch, or extend 

them. However, further analysis could not prevent comprehension of the Current Strategy, as 

highlighted by Horizon One.  

 

A. PORSCHE’S HORIZON ONE: Maintain & Defend Core Business 

 

Horizon One aims to consolidate current competitive advantage. The analysis is based on a 

firm’s strategic positioning and choices. Core activities have a strong operational and 

managerial scope because their goal is to maintain sustainable cash flows and profits.  

 

3.1.1. Strategic Positioning: target customers, market share and macro-
environment  

 

The automotive industry is a major contributor to global economy. Considering technology- 

and resource-orientation, the entire sector is experiencing transformational change. Here, we 

focus on niche Luxury Sports Cars.  

Porsche belongs to a small niche market segment in the automobile industry, namely the luxury 

segment. According to McKinsey, this segment includes car models with a manufacturer’s 

suggested retail price of higher than $80,000. Those who purchase these cars might not be 

interested in fulfilling their mobility needs, at least not only, but the matter should be addressed 
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as a status symbol of wealthy individuals (High Net Worth Individuals, HNWIs). To be 

considered HNWI the net worth should reach US$ 1 million or more.18  

The leading sources of data are market luxury players and customers. Both provide relevant 

insights into market share and net worth of individual growth.  

Competition in the luxury automotive segment is driven by the strength of the brand, 

performance, and product appeal (i.e., style, innovation, advertising, and shared values). By 

looking at the positioning, Porsche stands above the premium segment represented by BMW, 

Mercedes-Benz, Tesla, and Audi, while it remains below high-luxury cars, such as Ferrari, 

Lamborghini, Bugatti, Bentley, and Rolls-Royce. However, the discriminating factor was the 

number of cars produced versus customization. To provide an indication, Porsche 

manufacturing is roughly 20x the vehicle production of Ferrari (2022Y). On average, Porsche 

cars cost 226% more than the market average. Car passenger deliveries are steadily growing, 

and the overall number has exceeded 300,000 units (2021), driven by strong geographical 

expansion. Porsche's revenue market share in the global market grew from 0.84% in 2017 to 

1.04% in 2021 (five years later), despite the firm converting only 0.2% of global automotive 

sales. Among luxury car manufacturers, Porsche has a market stake of 1 % (in units). Because 

the luxury market share is significantly greater than the entire car market, the focus is on the 

luxury car market. Porsche gets on the podium for the sports cars market share worldwide, with 

a 31.6% stake (i.e., Porsche 911). However, the number of deliveries grew up steadily to 4.78% 

(2018-2023F). 19 

The luxury car segment is expected to drive most of the growth of the car market. Porsche is 

located in the segment “$80.000 to $149.000” where most popular models collocate. Almost 

1.375.000 vehicles in this segment have been sold by 2021 (i.e., 1/6 of the vehicles are 

Porsche manufacturing). 

 

 
18 Meanwhile, to be ultra-high-net-worth individual (UHNWI) the net worth should reach US $30 million or more, 
including primary residence.  
Source: (Knight Frank, 2023) 
19 Calcula:ons had been adjusted for 2023 (i.e., F=forecasted) because Q1-Q3 data are already available. Data are 
taken from Porsche Investors’ rela:on reports.  
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The estimated CAGR (2021-27) in units amounts to 4.720 % when the market share remains 

unchanged, whereas it would reach 7.3 % when the market share follows HNWI trends in 

HNWIs. The next business segment “$150.000 to $299.000” has a sale volume of 140.000 units, 

with a CARG (2021-31) of 10% (according to McKinsey, 2023).  

The latest data show that deliveries are growing in the Americas (predominantly the USA and 

Canada); however, the largest market for Porsche is in Europe, with a slice of 3.0% over the 

total.20 China has been leading geographical growth, even though deliveries have recently 

experienced a slight slump. The most threatening is the arrival of new Chinese brands such as 

BYD and Geely, or start-ups such as Xiaomi, which could saturate the Chinese and Asian 

markets before market penetration in Europe or the USA.  

Industry attractiveness is provided by the presence of HNWIs which account for the top 1% 

world's adult population (UBS, 2022), 59.4 million individuals (i.e., 0.6 ml of them are 

UHNWIs). According to estimates (Knight Frank, 2022), the number of high-net-worth 

individuals is expected to increase by 8.5% by 2026. The target customers of Porsche were 

HNWIs. Potential buyers can be estimated by examining the overall number of HNWIs as target 

customers [Table 10]. 21 

 
Table 10: Distribu,on of High-Net-Worth individuals (HNWIs) around the world and es,ma,on of growth (on average). The 
data were displayed in thousands (000).  

 
 

A report published by the KPMG (Report, Kpmg 2023)22 has shown the major challenges that 

come to be disruptive from the market in the near future. The first concern relates to the fall in 

 
20 Source: “Porsche – Market Data Analysis and Forecast”: Sta:sta, 2022. The European market corresponds with 
the con:nental Europe (Almost the countries part of European Union including Switzerland and Norway).  Data 
re-elaborated. See the Appendix 3 {Note 3.a}. 
21 Table 10 shows the Geo Share change (%) which indicate the increase in geographical share over the total 
amount of HNWIs. To put it simple, it indicates which area of the world is increasing its relevance.  
22 Source: “The European automo<ve industry, Unlikely to return to normal: KPMG, 2023.  
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passenger car sales during the 2020-21 COVID-19 pandemic, when business analysts agreed 

that the automotive industry would rebound between 2023 and 2025. A conservative view 

seems to stretch out that demand might fail to materialize due to global uncertainty but is more 

likely to change customer preferences. New generations are less desirous of owning a car and 

are willing to use public transit and micro-mobility. In the less 30-years age group, the use of a 

private vehicle deploys for 42%, rising to 49 % in 30-45 years, while staying bullish after the 

45 years with roughly 80% of users (Survey, McKinsey & Co. 2023)23. Mobility will become 

multimodal with ownership preference switching to leasing options or another form of 

contractual subscription. Nearly 55% of Gen Z consumers were open to sharing their private 

vehicles with others and moving towards flexible ownership. Additionally, smaller and more 

compact cars are preferred. Although the number of vehicles in Europe has expanded in recent 

years, the number of cars will peak at 308 million, but this number will drop to 294 million by 

2030. Manufacturers are implementing stricter emission rules to meet regulatory targets. In 

Europe, compliance with the Paris Climate Agreement. The development of low- and zero-

emission zones is a growing trend supported mainly by liberal governments that are intended 

to promote sustainable urban environments. Their will is not exclusively related to limiting 

pollution, but more broadly the ‘15-minute city concept’ where the goal is to reduce car 

dependence. The European industry faces high supply chain risks owing to the short sourcing 

of electronic components and semiconductors. Raising conflicts, or worst wars, exhibits a 

willingness for the dominant country to gain influence in the control of rare-earth elements 

(REEs). In the wake of the will to mutate global order, a huge concern is leading to increasing 

threats.  

In light of the above, one must wonder if all HNWIs are likely to buy a luxury car. The answer 

is simple: No, it is not. Certainly, the target customer base is those who have a deep passion for 

fast-driving cars and who are willing to pay premium prices. A conservative scenario could be 

proposed, separating worthy individuals by gender and age group, with the assumption of the 

same purchase preferences by generation affinity [Table 11] (ceteris paribus). By 2030, there 

is expected to be a more balanced gender ratio (men/women), even though fewer HNWIs are 

women than men, and a decrease in willingness to own a car by 10% (trend in 10Y). Meanwhile, 

there will be a switch in wealth over the course of the years with a leading path from Millennials 

 
23 Source: “Europe’s Gen Z and the future of mobility”, McKinsey & Company, 2023.  



74 

and Gen X. Consequently, the expected growth of the potential customers ranges from 8.5% to 

6% 24. 

 
Table 11: Es,ma,ng poten,al customers by age group differences in preferences. Data were elaborated by Capgemini, BCG, 
and McKinsey in thousands. 

 
 

After the industry has been detailed, horizon 1 is interested in the macro-environment, which is 

the field in which threats and opportunities arise. Indeed, due to current geopolitical tensions, 

technology, and regulations, a perfect storm of disruption (“threats and opportunities”) is 

bearing down on the original automotive equipment manufacturer (OEM). The automotive 

context has shown that OEM profitability is shrinking because of huge investments in electric 

powertrains and autonomous driving, which has decreased earnings profit (EBT) due to higher 

depreciation and amortization (D&A) [Table12]. 

 

 
24 The “conserva:ve scenario” is based on hypothesis with data taken from Credit Suisse and UBS in Global Wealth 
Report (2022). The decrease in willingness to own a car is an assump:on likely to occur. For instance, with a 
decrease by 25% the CAGR falls to 3,8%. The worst case (no longer CAGR) is reached with a drop of 44% 
(breakdown point).  
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Table 12: Major OEMs financials: Strategy& PWC, 2020 

 
 

Autonomous driving (AD) is based on technological advancements and strategic partnerships. 

The industry is moving towards high levels of automation, such as Level 3 (conditional 

automation) and Level 4 (high automation) systems, which will soon become available for the 

majority of cars. Advancements in 5G technology have also played a crucial role in AD 

development. By 2030, autonomous driving will generate 150$ billion to 225$ billion, but this 

will double in the following years. A quarter of car buyers are highly interested in AD, with 

two-thirds of them available for an upfront payment of 10.000$ for premium features (data, 

McKinsey 2022). 

The shift towards Electric vehicles (EVs) is likely to compress the traditional automotive 

market. EV production requires fewer resources (e.g., −27	% component-intensity parts and 

−	67% labor intensity hours). However, EVs are still more expensive than combustion-engine 

vehicles owing to their high battery costs. This would lead to the reorganization of cycle 

management and the entire supply chain. The main concern is for the suppliers. Lower 

production volumes, together with a forced shift to different capabilities, can put pressure on 

suppliers and distress them. This is relevant, because many suppliers are merged or acquired by 

automotive groups. The data shows that 28 % of suppliers are in a distress zone (Report, Kmpg 

2023). A bad liquidity position should squeeze working capital funds and capital expenditures, 

which are crucial for innovation. 
 

3.1.2. Strategic Choices  
 

Porsche has a unique business model and operates in the automotive industry to deliver high-

performance cars that offer an exceptional driving experience. Differentiation is a value-based 

strategy that focuses on the niche.  

Porsche placed a strong emphasis on engineering and creating cars to improve performance. 

However, more than everything else, Porsche delivers “uniqueness” strengthened by iconic 
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luxury design, driving experience, and lifestyle. Strong relevance is given to customers with 

their dealerships that communicate “The Porsche Experience,” where strong emphasis is placed 

on customization services to meet individual customer preferences and dedicated personal 

assistance.  

The group sales revenue is 37.6 bn € (Porsche Data, 2022), with an operating profit of 6.8 bn € 

making the financial accounts outstanding. The automotive EBITDA margin increased from 

24.5% in 2021 to 25.2% in 2022. Revenues originate from vehicle and after-sales services. The 

major source of car revenues for Porsche comes from SUVs and sports cars, which are 

respectively “Cash Cows” and “Stars” for the German manufacturer (according to BCG 

Matrix). The realized revenue amounts to EUR €33.1 ml (Porsche AG, 2021), where 33 % 

accounts for the sports cars segment and 57 % for SUVs, and the remaining segment is covered 

by sedans. Leaks seem to suggest that Porsche is about realizing soon a new SUV in the segment 

“prestige,” thus it will be above “Cayenne.” [Table.13] 

 
Table13: Car Models sold: Porsche Data, 2021. The Car Prices include German prices for the internal market (VAT).  

 
 

Porsche promotes itself in motorsports, golf, tennis events, and exhibition centers (10 locations 

worldwide). A brand partnership is also a common path for sponsorship, with TAG Heurs, 

Michelin, and Bose as examples. Porsche is also engaged in donation and corporate social 

responsibility with an overall amount of 22.1 m € (2022) raised for educational, cultural, and 

environmental projects.  
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Thereafter, a SWOT analysis of the current Porsche Strategy is presented. Reading these issues 

leads to a better understanding of the firm’s position and ability to change its commitments.  
 

SWOT Analysis  

 

St
re

ng
th

s 

Operational Strong research and development (R&D) activities 
further enhance Porsche's portfolio of offerings. 
The Car manufacturer enhance its business activities 
through new engine advancements and new car 
model launces (i.e., Taycan is now full-elettric). 
There’s a strong commitment in sustainably issues 
with the ambition to become the first luxury-car 
manufacturer to make 80 % elettric car by 2030. In 
the Battery-elettric vehicles (BEVs) there’re 
improvement is performance, especially in oil 
cooling, as well as in efficiency with 800 kW 
recuperation and in charging with 350kW/900-volt 
turbo charging.  The Sustainability management aims 
at six areas: decarbonization, circular economy, 
diversity, partner to society, supply chain 
responsibility, governance, and transparency. In 
2019, Porsche become the first car-manufacturer to 
join the Value Balancing Alliance to lower the 
externalities of the industry to promote cooperation.  
The company implemented a lean organization, 
which means “transforming through continuous 
improvement” bringing together adaptability and 
interconnection. Porsche turns to “Production 4.0” 
moving towards increasing connectivity, automation, 
and AI. The vision declared for this purpose is 
“Smart, Lean, and Green.” Porsche was the first 
OEM to adopt automated guided vehicles in a 
production line under continuous flow. Last but not 
least to mention, the core asset for Porsche related 
with the skilled workforce and the leading position in 
engineering and IT system. 
 

Global 

presence & 

Marketing 

Porsche has a wide global presence. The company 
has established offices in several locations worldwide 
to distribute its products efficiently and to reach out 
to a large customer base. 
The most important value added is the loyal customer 
base because the brand grants from its good 
reputation around the globe.  
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Financials The firm benefits from an outstanding financial 
position with a 24.5 % EBITDA margin (2021 data), 
so 10 % above the OEM industry average. This 
performance allows to be committed with strong 
investments with a 10 bn € in cumulative gross 
impact to support the industry transformation. 
Porsche shows resilience also in disruptive times with 
a return on sales of 9.7 % during ’09 Financial and 
14.6 % in SARS-Cov2 times. 
 

W
ea

kn
es

se
s 

Operational Main tipping point is identified in some defects in its 
products which has led to the product recall. Product 
recalls not only affects the firm’s growth and 
revenues but also its long-term performance by 
shrinking costumer confidence. Because of the need 
of huge investment to keep its high standing position 
in the luxury segment, the operational risk happens to 
be the main concern.  
 

O
pp

or
tu

ni
tie

s  

Strategic 

initiative  

The company took various strategic initiatives to 

expand its operations. The strategy 2030 has a great 

focus in emerging markets such as China, and 

perhaps in the future India. Strong relevance will be 

reserved to Porsche Ventures. 

 

 

 

Environment  
The favourable outlook of the global automotive 
sector presents prospects for Porsche in all of its 
operational markets. According to the Organization 
for Economic Cooperation (OECE) and 
Development/International Energy Agency reports, 
the demand for vehicles with low emissions, such as 
plug-in hybrid electric vehicles (PHEVs) and battery 
electric vehicles (BEVs), is anticipated to have 
reached approximately 20 million by the year 2023 
and will reach more than 100 million by the year 
2050. The Energy Information Administration (an 
agency of the US Government) predicts that sales of 
unconventional vehicles will represent a significant 
proportion of the total sales of Light Duty Vehicles 
(LDVs) by the year 2035, with these sales accounting 
for approximately 40% of the market. China has the 
potential to emerge as a leading market for electric 
cars and plug-in hybrids, positioning it as a 
forerunner among major markets in this domain. It 
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aims to have five million electric cars on its roads by 
2024. 
 

New 

Technologies  

Car competitiors have been engaged in the 
development of various innovative technologies, 
including autonomous driving, platooning, active 
safety measures that support assisted driving, as well 
as strategies for reducing emissions and fuel 
consumption, and exploring alternative fuels. 
Continuous improvements in automotive fuels have 
concentrated on alternative and renewable energy 
sources, with the goal of enhancing energy security, 
reducing emissions and improving vehicle 
performance. New fuels are biofuels and ethanol, 
Hydrogen, or more advanced Internal combustion 
engines.  
A number of these cutting-edge technologies have 
already been introduced to certain markets, and it is 
anticipated that this trend will continue to gain 
traction in the near future, creating opportunities for 
growth. 
 

T
hr

ea
ts

 

Regulation 

& Change 

in 

Customer’s 

preferences  

The European Commission enforces consistent 
emissions standards on vehicles sold in all 27 
European Union (EU) member states, as well as in 
other countries that follow the guidelines set by the 
United Nations Economic Commission for Europe 
(UN ECE). Member states of the European Union 
(EU) have the authority to award tax benefits to 
automobile manufacturers for vehicles that comply 
with emissions standards prior to the deadline. The 
potential emergence of new requirements may give 
rise to the development of innovative technologies, 
which could also result in the escalation of the price 
for diesel engines, as they are currently more 
expensive than gasoline engines. 
On the other side of the ocean, also U.S. federal 
government has put in place guidelines for vehicle 
emissions that consist of pre-production and post-
assembly testing, emission and performance 
warranties, and a responsibility to recall and fix any 
vehicles that fail to meet emissions standards. 
Regulation can affect the decision to purchase a car 
because the mass public votes politicians more aware 
of Climate Change.   
 

Competition The automotive sector in emerging markets is 
witnessing increased competition, not only from 
conventional European rivals, but also from 
Japanese, Indian and Chinese automotive 
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manufacturers who have made significant 
technological advancements and are focusing more 
on exports. These companies possess a competitive 
edge in terms of their initial pricing and are able to 
consistently attract customers.  
 

Wars & 

Geopolitical 

issues 

Rising raw material costs could potentially impact 
Porsche's business operations. Essential raw 
materials such as iron and steel castings, forgings, 
alloy wheels, fuel injection systems, batteries, 
electrical wiring systems, and electronic information 
systems are among the key components that could be 
affected.  
The main issue is here related with the control of 
theses resources that they are far away from the 
manufacturing sites. 
It employs various interior components, including 
plastic finishes, glass, and consumables, as well as 
various fuels. Its primary production process employs 
natural gas, electricity, and other energy sources. At 
the same time, there has been a substantial rise in 
processed metal and steel prices. Increasing input 
costs could have significantly affect on the 
operational costs of the company, which may not be 
easily transferred to the customers as intense 
competition could lure away its customers through 
low price offerings. As a result, the margins of the 
company could be affected. 
 

 
3.1.3.  Strategic Forecasting 

 
 

Porsche’s annual reports show that cars are sold per year, while external estimations provide 

data for market trends25. In Table 14-15, the market provides the current outlook and Porsche’s 

position, while Table 16 shows the company’s future outlook. 

 
25 The Provider used for external data is named MarketLine, the license has been offered by Luiss Guido Carli 
University. The internal data are Porsche realize, see the Appendix 2 {Note 3.b.}. 
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Table 14: Current outlook of the market and Porsche posi,oning 

 
Table 15: Current Financial prospec,ve of Porsche AG 
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Vehicles (& Automotive) revenues 
 

The investor report published by Porsche provides an overview of a company's current financial 

data for the automotive industry. The German manufacturer has two divisions: one focused on 

automotive production and financial services. Vehicle revenues made 85 % of revenues out the 

overall group sales, while the remaining slice was predominantly financial.  

In light of the above, the research focuses on the automotive sector and, finally, on the financial 

implications over the group, data on [Table 17].  

Strategic forecasting aims to estimate future sales trends because these revenues reflect a 

company’s business strategy. Market trends have a strong impact on sales for every B2C 

company, and this is a crucial point for assessing strategic flexibility.  

Basic accounting suggests that sales revenue is 𝑈𝑛𝑖𝑡	𝑠𝑜𝑙𝑑	 × 	𝑃𝑟𝑖𝑐𝑒	𝑝𝑒𝑟	𝑈𝑛𝑖𝑡. However, none 

of these methods are available. As a result, reasoning is developed on two sides as long as the 

tree begins to branch out. The better option would be to go backward, as in crabs. To clarify 

this, the potential demand for Porsche cars follows the current relation:  

 
 

 
                                                              Table 17: The Porsche Market Share 

 

𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙	𝑚𝑎𝑟𝑘𝑒𝑡

= 𝑀𝑎𝑟𝑘𝑒𝑡	𝑠𝑖𝑧𝑒	(𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛) × 	𝑡𝑎𝑟𝑔𝑒𝑡	𝑚𝑎𝑟𝑘𝑒𝑡	(%)

× 	𝐴𝑑𝑜𝑝𝑡𝑖𝑜𝑛	𝑟𝑎𝑡𝑒	(%) 
 

The potential market is made up of wealthy individuals interested in luxury cars who are willing 

to purchase a new car. Estimating the adoption rate for this specific rate is based on many 

assumptions. This is a much simpler method.  

Let us suppose two states of the world that relate the trends in sales: bull and bear markets. In 

the former case, market share grows over time, while in the latter case, it is supposed to remain 
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constant. A simple question arises: Who are Porsche’s target customers? The HNWIs. However, 

growth in market share cannot overpass the growth of HNWIs.  

One side there are the target customers, on the other side the number of cars sold in the luxury 

segment. According to reports from Marketline.com, there has been significant growth in the 

number of luxury cars sold.  

In the world there sold roughly 1.8M of luxury cars (data, 2023), Porsche current market share 

to luxury (i.e., means “related to” luxury sector) is 17.9 % (data, 2022). In a simple scenario 

(bear market), market share remains constant over time. For instance, 2024Y units sold 

comprise 17.9%	of	the	𝐿𝑢𝑥𝑢𝑟𝑦	𝑐𝑎𝑟𝑠	𝑠𝑜𝑙𝑑	(2024). 

For a bull market, further assumptions are needed. Thus, new customers can achieve equal 

changes in the number of luxury cars. To put it simple, the “excess” in units sold of luxury cars 

correspond to the potential new audience. By considering increase in size of luxury market, the 

new market share can become 18.9 % (data 2023) 26. The better scenario (bull market) of growth 

is that each new HNWIs could be considered a target clientele; thus, the new market share will 

increase with the growth of wealthy individuals. Based on these expectations, Porsche will 

cover 21 % out of the total luxury market by 2030. Once these assumptions are established, the 

units sold can be calculated for growing market share in the same way.  

The outlook is presented alongside the forecasted units sold [Table 18]; however, the task is 

still incomplete because there should be estimated vehicle revenues and revenues for the group.  

Each model has different features and several vehicle configurations, and consequently, the 

selling prices are different, but the use of an average price is a solid assumption.  

The average price for new vehicles is 106.482 eur (without VAT), whereas that for second-hand 

vehicles is 69.213 eur (without VAT). Prices increase over time due to inflation (low case 0.5% 

2024-2030). Despite the previously declared data, reasonable assumptions cannot forget to 

consider the future trends of customer behavior. [paragraph 3.1.1.] “Strategic choices” section, 

the market analyst predicts a disruptive scenario for automotive. Electric transformation is 

among the main reasons that will lead to a price increase, so the price is expected to increase. 

These higher selling prices also influence more revenue. Further explanation is reserved for 

horizon 2.  

 
26 The new market share is the previous constant market share increased by the growth in luxury cars (growth 
5.8%, data 2023).  
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Currently, the calculation of vehicle revenues leads to a constant market scenario share and a 

growing market share scenario.  
 

Other from automotive sales: Rental and leasing services, income from financial services 

and consulting  
 

Revenues from complementary services roughly accounted for 3/20 of Group AG’s sales. 

Today, the share of revenues seems meager, but market trends suggest that to give a glance. The 

forecasting process is not within our purview, but we can infer that the prediction is likely to 

adhere to the hypotheses put forth in the previous year. 
 

Hedge On Sales 
 

Porsche implemented a strategy to limit the risk incurred when sales trading in foreign currency 

moves in the opposite direction.  

Porsche’s income statement shows a hedge on sales position that aims to protect against basis 

risk. Porsche AG Group declared the use of derivatives to hedge future cash flows. At the time 

of hedging, the instrument used was measured as a fair value. The estimation is computed using 

Python as a hedging instrument for the state of the economy (S&P500) and volatility index 

(VIX). The number of futures needed is 134.0 units for the position value hedged at 26,906,000 

(e.g., 69 % of revenue sales).  
 

EBITDA 
 

The Cost of Goods Sold (COGS) is related to the sales forecast because the cost of producing 

changes directly with the level of sales27. Later, Selling, General & Administrative expenses 

(SG&A) include a) non-staff overheads and personal expenses, advertising, shipping, and 

promotions, part of the distribution expenses, and b) administrative expenses. Distribution 

expenses have a variable nature, which is constantly increasing28.The Variable part is assumed 

to be the 2.5% of automotive sales.29 Other operating income is made mainly by income from 

derivatives within hedge accounting, foreign exchange gains, cost allocations, and gains on 

assets because of the disposal and reversal of impairment losses. Other operating expenses 

 
27 Cost of good solds: COGS=Sales-Gross	pro/it=Sales	×	(1-%	GPM), where GPM is the gross profit margin 
28 Distribution expenses will be the: Distribution	expenses	=	Fixed	Costs	+	Variable	Part 
29 The selling and general expenses: SG&A = Selling expenses + administrative expenses. See Appendix 3 {Note 
3.c}	
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include the other side of the coin, the expenses for derivatives, and the losses from foreign 

exchange [Table.18]. 

These operating incomes and expenses are not considered in the EBITDA because even though 

linked to operations, they are not strictly related to the core business. Moreover, forecasting is 

difficult because off-balance-sheet derivative contracts are not available. This is because these 

values cannot be completely excluded.  
 

Table18: Porsche Sales Group 
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3.2. Porsche Transforma1onal Strategy: Horizon Two  

 

B. PORSCHE’S HORIZON TWO: Bring up and Feed emerging business 
 

Horizon Two aims to develop the next competitive advantage. Porsche faced unfamiliar 

strategic choices and capabilities. Here, the current business is moved in new directions or 

extended based on the Real Option Model. The analysis develops through firm growth strategies 

and organic and non-organic growth.  

 

Porsche is committed to becoming sustainable throughout the value chain. However, the 

German manufacturer has initiated an extensive decarbonization programme, and it has 

engaged in a circular economy and has declared that battery-electric powertrains will become 

mainstream’. Porsche wishes to achieve carbon neutrality across the entire value chain by 2030. 

In 2019, Porsche Taycan realized the first full-electric series with the goal of achieving 80% for 

all vehicles sold. Vehicle electrification is only the first step directed toward the objective target, 

followed by i) green electricity, ii) zero-impact factory vision, and iii) carbon-neutral supply 

chain.  

At the investors’ conference, the company declared a strategic ambition to sell vehicles within 

a 50%+ BEVs (including the PHEVs and plug-in hybrid) share in 2025 to reach the target of 

80% by 2030 (full electric). Current reflects a significant shift towards electrification in the 

automotive industry. This mission is not just a naïve response to growing consumer demand for 

sustainable goods but also aligns with global efforts to reduce carbon emissions and flight 

against climate change. The transition to electric vehicles (EVs) is a critical component of 

Porsche's sustainability strategy. However, it is also sustainable from a financial perspective. 

How can a Porsche venture enter an uncertain context? What happens if the demand drops? If 

a new era of hostility leads to a natural resource control race, rather than cooperation, and our 

geopolitical sphere of influence comes to scratch, what can happen later? 

Another critical issue is the infrastructure. Porsche's investment in the charging infrastructure 

and battery technology is crucial for supporting the widespread adoption of EVs. Collaborations 

with partners to develop premium charging stations and investments in high-performance 

battery cells are part of Porsche's efforts to address common barriers to EV adoption, such as 

range anxiety and charging convenience. 
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By setting such ambitious targets, Porsche is positioned as a leader in the electrification of the 

luxury and sports car segments. This strategy involves significant investments in electric 

vehicle technology, charging infrastructure, and development of new electric models. Currently, 

the number of electric vehicles sold is 13.7% (data, 2021) out of the total cars sold, unless one 

considers the slight decrease in 2022 (i.e., Porsche reported 11.7 % share).   

As a proxy for market sentiment, there is news and all releases from the players in the market. 

News spreads and affects the decision-making of the players. This is similar to the recent press 

release from Volkswagen to cut the EV output in a German production plant as demand craters 

(Bloomberg, September 26, 2023). The carmaker declared that the prevision was due to the 

downturn of the German economy and increasing competition from Tesla and Chinese autos.  

Porsche’s declaration of becoming 4/5 reliant on BEVs means that in the future, the German 

manufacturer will pronominally be an electric car vehicle manufacturer, such as Tesla Inc.  

The outlook can be visualized by interpolating (linear interpolation) the target goal to derive a 

constant trend in the adoption of BEVs. It is clear that Porsche needs to support a large effort 

[Table 19]. 

 
Table 19: Porsche Mission towards BEVs and PHEVs, Investors’ Presenta,on, 2022. 

 

The forecasting relation shows that between two points passes through one straight line,  𝑦 =

𝑚𝑥 + 𝑏. The points are (𝑄/, 𝑌/) and (𝑄h, 𝑌h), and the slope is 𝑚 = i4*i2
j4*j2

. The quantities (i.e., 

market share) are market by Q, while Y is the number of years. The quantity in between is found 

as: 
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𝑄! = 𝑄" +
𝑄# − 𝑄"
𝑌# − 𝑌"

(𝑌! − 𝑌") = 𝑄! = 𝑄" +𝑚(𝑌! − 𝑌") 

 

The data written in green are illustrated in Porsche’s 2030 strategy as target goals. Quantities in 

between are required, because the BEVs units are sold by Porsche. Under the current 

assumptions for Porsche, the main concern is related to reliance on the EVs market in the future. 

How much being so much depends on whether one niche of the market can be forward-looking? 

The share of BEVs can also be calculated in terms of values (%). However, further research is 

required. The average selling price of vehicles is growing. Electric vehicles sell at a higher price 

because the manufacturing cost overruns. 

The demand of electric vehicles cannot even depend on government incentives because the 

higher selling price does not fit within the spending parameters. In the year 2022, the average 

cost of an electric vehicle was found to be 15% higher than that of a comparable combustion 

motor vehicle. If the electric conversion strategy is implemented, the average price jumps from 

108.497 eur (owing to inflationary conditions) to 112.478 eur (data, 2024), where a full-electric 

vehicle is expected to sell at 118.372 eur. EVs Prices should fall in late 2026 (data, S&P Global) 

as researchers’ expectations over battery prices become more affordable as long as the Li-Ion 

(KwH) increases capacity. Looking at Li-ion batteries, the average price was down to 

128$/KwH for battery pack and for cells to 89$/KwH for cells (2022 Data, Bloomberg).  

The premium price for EVs components will decrease exponentially to zero by 2030. When an 

electric conversation is completed, customers are not supposed to be curbed by higher selling 

prices when deciding to purchase an EVs. The forecast sinks beneath the investigation by a 

reliable market analysis provider (e.g., MarketLine) [Table 20]. The 2023 data can be built 

based on partial (e.g., quarterly, semesterly) information release, and in the years 2024-2027 

(market in green), Porsche should concentrate on the most expensive effort to dominate the 

market when more sharks will swim in the sea. The red side of the table assumes cheaper selling 

prices for BEVs automotive, so the revenues from BEVs and PHEVs % to sell automotive 

should show the pace.  
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Table20: Impact of the BEVs and PHEVs over the Sales (%) automo,ve 

 
 

Owing to its commitment to electrification, Porsche is committed to safeguarding 

its use in future technology. Throughout the M&A deals and strategic cooperation held by 

Porsche, the corporate firm has implemented a device to promote an innovation ecosystem 

not only to gain access to new technologies, but also to improve ESG standards. Porsche 

Ventures is the company’s venture capital (“private equity”) that engages in early stage or 

growth-stage companies with 42 current active direct investments (in May 2022) and from 

1 to 4 million euros of stake exposure in each firm. The most promising companies for 

accomplishing Porsche's strategy targets are listed below. Among these projects, IONITY 

has been selected as one of the most prominent.   

 

 

Company  Type of 

Partnership 

Core business & Mission 

Actnano Inc., Dover 

(USA) 

 

 

Indirect investment 

by Porsche 

Automobiles 

Holding SE with 

3.59% stake 

Nanotechnology enterprise for 

automotive electronics. Their flagship 

product, nanoGUARD, is a fluorine-

free coating solution that offers 

protection for PCBA against moisture, 

humidity, condensation and salt.  
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Bcomp (Switzerland)  Porsche has a stake of 

3.71% 

Sustainable natural fiber composites for 

high-performance applications. Their 

products aim at a reduction up to 85% 

lower Co2 footprint.  

Cellforce Group 

GmbH (Germany) 

Joint venture with 

CustomCells GmbH 

§ Before: 83.75% 
majority stake 
(2021)  

§ Takeover (May 
2023) by 
Porsche 
Automobil 
Holding SE 

Energy storage developer. The 

company’s special lithium-ion battery 

cells are manufactured under 

innovative construction technology. 

The goal is to charge the battery cars up 

to 80% of capacity in less than a quarter 

of an hour.   

Ionity GmbH Joint venture 

established by 

Porsche with another 

automobile firms 

Ionity is high-power charging 

network founded by a joint venture to 

with also Porsche belong. The 

mission would have “no border” 

when it comes to electric mobility.  

Nozomi 

Networks 

(USA) 

Porsche has a 

stake of 0.73% 

Operational technology and IoT 

security provider. The company 

is engaged in several industries.  

Rimac Group D.o.o 

(Croatia) 

Joint venture with 

Bugatti-Rimac is 

owned by Rimac 

Group (55%) and 

Porsche AG (45%). 

Indirect investment 

by Porsche 

Automobil Holding 

SE with 24% stake 

into Rimac Group.  

Automotive manufacture that 

specializes in electric sports cars and 

hypecars with outstanding 

performances.  The unit sold are 

actually limited in their selling. 

TriEye (Israel)  Minority interest  

 

Technology sensor solutions producer. 

Innovative autonomous driving 

systems under low visibility conditions 

with CMOS-based short wave infrared 

sensing.  
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3.2.1. Ionity GmbH 

 

A crucial barrier that needs to be addressed for wider EVs acceptance is improving the status 

of EV charging networks. Hundreds of EV charging networks exist across North America, 

Europe, and China, with smaller newcomers expected to be rolled up into larger ones. 

At present, no charging network for electric vehicles (EVs) generates a profit because of the 

substantial capital and operating costs involved in establishing a wide network and encouraging 

widespread usage as EVs become more prevalent on roads. Despite these challenges, the 

number of EV charging points has significantly increased over the past decade. In 2011, there 

were only 13,040 charging points globally; however, by 2020, this number had grown to over 

1 million. To encourage customers to switch from combustion-powered vehicles, it is crucial to 

maintain this growth rate and to demonstrate that the necessary infrastructure is in place. A valid 

success story is the Tesla Supercharger network on the road, which is a source of competitive 

advantage of the leading cause.  
 

Ionity Business Model 

 

Ionity is a joint venture that was incorporated in July 2016 and began public operations in late 

2018 to serve as a high-power charging station network for electric vehicles to facilitate long-

distance travel across Europe. Value creation components lead to a service delivery model based 

on partnerships and CRM30. Ionity’s business model relies on the rapid expansion of electric 

vehicle sales, and as such, it is continually evolving to keep pace with market development. By 

focusing on this emerging market segment, Ionity aims to establish itself as a major player in 

the electric vehicle charging infrastructure industry. The Lean Start-up Approach (Jones and 

Roos, 1990) is a model that can be utilized to gain a deeper understanding. This approach 

emphasizes the importance of following user demands without inventory.  

The current outlook of the profit and loss statements shows, as predictable, that all main profit 

indicators are loss-making [Table 21]. However, huge investments are required for 

infrastructure and energy costs to follow market trends. EBITDA is negative in the first phase 

and is cash absorbing but has a very high increase potential.   

 
30 CRM – Customer Rela:onship management (CRM). To enhance the experiences of clients, CRM systems can 
encourage them to make repeat purchases and take responsibility for addressing any complaints. 
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Table 21: Current Profit and Loss report for Ionity GmbH 

 
 

Strategic Forecasting 

 

Strategic forecasting aims to identify potential clients of Ionity and revenues. The primary 

activities of Ionity’s operations are the construction and installation of charging stations, which 

represent core business. However, the subscriptions to charging points or non-affiliated clients’ 

charges are the sole source of revenue; energy prices, maintenance costs, and personnel wages 

are the main source of costs. An increase in Ionity’s corporate stake can later be seen as a 

business opportunity.  During this forecasting, the analysis goes a bit into physics. Because the 

battery capacity is measured in kWh, prices are reported for the same unit. Ionity exhibits prices 

and fees for using its charging services. Ionity offers a subscription for 5.99 eur/month to get 

access to their entire charging system at discount rates. The revenue per charging is the 

usable	capacity	×	price	per	kWh. There are special prices for Porsche subscribers (only for three 

years) because of the partnership between Porsche and Ionity. Current prices sell at discounts 

because of the market penetration strategy adopted by Ionity. The price of a subscription is 

about to raise to 11.99 eur (data, Ionity Press Release, 2024), and the start-up is declared to 

bring the fees to pricelist of 17.99 eur. However, this last statement is hardly believed because 

it seems to be a marketing strategy. Thus, it is assumed that subscription fees sell for 11.99 € 

[Table 22]. In the future (2025 ongoing) prices for direct costumers rise up to 0.79 eur/kWh.  
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Table 22: Revenues and number of clients (per charger) and breakdown of revenues. Prices data displayed are provided by 
Ionity, the coefficient of efficiency is the dispersion energy rate in electrochemical process. Usable capacity for baIeries should 
be around 96 kWh. 

 

 

Further data provided by Ionity considers the time required for different charging powers. A 

charger power of 150 kW employs 20 min to fulfil a battery capacity of 50 kWh, whereas 350 

kW requires only 9 min for the same capacity. The advertising for electric cars is to increase 

the battery capacity from 10% to 80%. This is because Li-ion batteries do not charge constantly, 

as the physics process assumes at least two phases: rapid growth at the beginning and later at a 

slower pace. The charging function for this electrochemical process reassembled a cubic 

function limited to extremes. For the concern of a business analyst, it would be sufficient to 

consider the time to be in function of power31.  

Assuming 12 h per day (i.e., 720 min), a single charger can serve a maximum of 31 clients per 

day. However, Ionity was far from these numbers. The network for Ionity shows 3,382 charging 

points (data, 2022), although the firm announced that it would reach 7,000 units by 2025. Linear 

 
31 The charging ,me has been es,mated by: charge 2me	(minutes)	= 

	
Ba5ery capacity	(kWh)

charger power	(kW)× coeff. of efficiency
×60 
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interpolation assumes that the units are in between, and exponential growth occurs later. 

Undoubtedly, substantial investments will be necessary by the end of 2025 as the market is 

expected to reach its peak growth phase, as indicated by industry specialists.  

The revenue (Deliveries 2022Y) per charging station is considered to be the number of 

Deliveries	(2022) over number	of	charging	stations.  

 

 

The number of clients currently using Ionity services is 477 per charging point32, on average 

(that is, means 1.24 clients daily). Now, the analysis should look at the electric car market in 

Europe because the geographical expansion of Ionity is on the Old Continent. Europe currently 

accounts for 20% of the total amount of sales. The number of charges (annual) per vehicle is 

one hundred times (two charges per week) per year on average. It is possible to calculate the 

number of charging times for all vehicles (per year), where Ionity represents the times, they can 

potentially gain profit. Regrettably, the adoption rate is anticipated to be a mere 20%, as per 

data from market research revealing that a substantial majority of electric vehicle owners, 

roughly 80%, opt to charge their cars at home because they fact that is cheaper.  

The strategy of Ionity is to focus its presence near or on highways, as there are already a 

significant number of national and local providers in urban areas. The market share can then be 

calculated, and at the same time, the forecasted revenues. [Table 23] depicts the market outlook 

and positioning of Ionity.  The total value of deliveries is calculated once the maximum number 

of charges to offer and the average price per charge because it is their mathematical product.33 

The average price per charge is 56.64 eur (assuming equal proportion among subscribers and 

direct clients), as shown in table [Table 22]. 
 

 
32 The number of clients	is:	number	of	clients	=	Revenues	per	charging	station/Revenues	per	charge	(average)	
33 Max number of charging stations = Clients per charging point × High-power charging points 
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Table 23: IONITY Market Share 
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Ionity further releases declared that the slice of revenues not related to deliveries (i.e., car 

charges) is made up of subscriptions (i.e., factor of subscription rate, 0.88) and partnership 

royalties [Table 23]. The revenue generated from subscriptions is expected to increase, despite 

a decrease in the average price per charge. This is because subscriptions and partnerships enable 

holders to purchase at discounted prices.34 However, the cost of consumption relies mainly on 

energy costs; thus, their estimation is the price per kWh × Units of energy (kWh).  

The price of energy for business (kWh) is taken from the market, and reports show an average 

price of 0.265	eur/kWh	 (Data, forecast Germany). However, in the future some energy 

intensive companies might require applying for subsidised energy (price cap) to reach 

0.08	eur/kWh (e.g., still not the case for Ionity). 

The cost for employees can be estimated by examining the number of employees per charger 

station. Currently, the workforce comprises 155 individuals, which corresponds to a ratio of 

1:20, meaning that there is one employee for every 20 charging stations. From 2020 to 2022, 

wages (annual) paid to employees varied between €137,000 and €112,000. Future expansion 

has led to more employees being linked to the number of locations. Ionity is currently 

operational in 600 locations, and it is anticipated that additional 96 locations will be added 

immediately. The ratio is 1:4. On average, there were six charging stations for the location. 

Ionity focuses on providing charging stations along roadways rather than to urban areas, which 

makes it difficult to further lower the ratio.  

Selling, General, and Administrative Expenses have experienced a significant rise owing to 

increased advertising, promotional activities, and an expansion in administrative staff. It is 

anticipated that expenses will eventually stabilize at a ratio of approximately 22% of sales. 
 

 
34 The total deliveries (value) = 𝑁𝑢𝑚𝑏𝑒𝑟	𝑐ℎ𝑎𝑟𝑔𝑒𝑠	(𝑚𝑎𝑥 	) × 	𝐴𝑣𝑒𝑟𝑎𝑔𝑒	𝑝𝑟𝑖𝑐𝑒	𝑝𝑒𝑟	𝑐ℎ𝑎𝑟𝑔𝑒.	The units of energy 
(consumption kWh) are determined by: Number	of	charges	×	Battery	usable	capacity	(kWh) 
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Working Capital Requirement (WCR) management  

 

WCR is seen as being sales driven. Liquidity forecasts for start-ups experience a huge 

absorption of cash, mainly due to a negative EBITDA and CAPEX increase. Even though 

lowering working capital needs will increase a project’s net present value, critical constraints 

will be to have low receivables with a potential effect on revenues.  

The forecasting moves to the Balance Sheet, where the reclassification for the managerial 

outlook” [Table 24] shows the WCR and capital expenditures (Capex).  

The needs for working capital include 𝑅𝑒𝑐𝑒𝑖𝑣𝑎𝑏𝑙𝑒𝑠	– 	𝑃𝑎𝑦𝑎𝑏𝑙𝑒𝑠	 + 	𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑖𝑒𝑠.	  The 

estimation of receivables and payables is based on benchmark values, which are 

𝑅𝑒𝑐𝑒𝑖𝑣𝑎𝑏𝑙𝑒𝑠/𝑆𝑎𝑙𝑒𝑠	 and 𝑃𝑎𝑦𝑎𝑏𝑙𝑒𝑠/𝐶𝑂𝐺𝑆, while a further analysis is applied for inventories. 

Under the business model for Ionity, it would be wrong to consider a strong link between sales 

and inventories, as suggested by the EOQ approach. 

Ionity shows that, except for the first year, a negative cash conversion cycle is seen as a strength 

point because clients pay before the firm has to honour commitments towards suppliers.  

 
Table 24: Balance Sheet of Ionity, data in thousands (000). IAS 1 Framework 

 
 

The Economic Order Quantity (EOQ) model [Table 25] was used to determine the optimal order 

quantity for inventory management35. Consequently,  

 
35 The main assumption that Q is below is found to be: 𝑄 = A$×&∗(

)
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Table 25: Es,ma,on of Inventory needs (2023F-2027F) 

 
 
 
The average investment per charging unit is € 38,9 K (Data, Ionity), with an ordering cost of € 

27 K (Estimation, Ionity).36  

The need for working capital led to the following outcomes [Table 26]: Ionity’s need for 

working capital is linked to operations and organic growth strategies, as a leading charging 

network. The top management has declared its intention to establish at least 1206 (at least until 

2025) charging stations (see: demand of unit, D) annually, with the aim of surpassing 7000 

target units. The objective of this initiative is to significantly expand charging infrastructure, 

which will ultimately contribute to the growth and development of the EV industry.  

 
 
36 Ordering Costs – The addi:onal cost for placing an order: shipping, internal acceptance plans, contrac:ng, etc. 
The total ordering cost are the fixed cost to support opera:ons plus the variable costs :mes the units delivered: 
𝑆 = 𝐹𝑋 + 𝑉𝐶 ∗ 𝑁. 
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Table 26: Es,ma,on of WCR (2020Y-2030F). Data in thousands (000) 

 
 

 

Depreciation and Capex 

 

Capital expenditures, commonly referred to as capex, encompass the procurement of fixed 

assets and exert a substantial influence on both the balance sheet and income statement. On 

the one hand, capex impacts the balance sheet through the addition of fixed assets, while on 

the other hand, it affects income statements through depreciation. For this reason, capital 

expenditure less depreciation is called “net investment.” The relation is enhanced by:  

 

Fixed	Assets0+Capex-Depreciation	=	Fixed	Assetsend 

 

Thus, the Capex can be estimated by: 

 

Capex = (Fixed	AssetsoBp − Fixed	Assets-) + 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛 
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The depreciation assumptions for D&A are centered on a straight-line method over a period of 

five years. Given that each charging station serves as the primary asset for the Ionity network, 

the annual depreciation value amounts to €7,8K [Table 27]. 

 
Table 27: Deprecia,on and Amor,za,on (D&A) of the machineries 

 
 

The primary assumptions regarding Capex are that Ionity will allocate additional resources 

towards research and development to enhance intangible assets and invest in equipment to 

expand its network.  

 

Capex = 	∆Tangible	assets +	∆Intangible	assets + Depr

= (EquipmentoBp − Equipment	-) + 𝑁𝑒𝑤	𝑅&𝐷	 + 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛 

 

The Damodaran database indicates that the electric equipment industry allocates a portion of 

its revenues towards research and development (R&D) expenses. According to the database, 

the industry invests approximately 3.9% of its revenue towards R&D, with a growth rate of 

3.3% over time. In terms of equipment value, this can be calculated as the cost per unit 

multiplied by the ordered volume (D). Capex can be easily estimated [Table 28A, 28B]. Note 

that the Return on Invested Capital (ROIC) is negative (2020Y-2026F), but it is expected to 

become positive in the late prospect forecast.   
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Table 28A: Capex es,ma,on 

 
 

Table 28 B: Capex Visualiza,on 

  
 

Long-Term Budgeting Forecast 

 
As projected, Ionity's negative NOPAT [Table 29] is anticipated to persist until 2025, with the 

main factor still being low operating revenues, which are largely influenced by prices and the 

number of charges offered. If the cost of consumption is fixed (% of sales), the company has 
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the authority to determine its market penetration strategy. To expand its customer base, Ionity 

ought to allocate additional resources during the growth phase, although this may lead to higher 

operating costs and further investments. By conducting a sensitivity analysis 37 , it can be 

observed that doubling the number of charges by 2027 while maintaining the same average 

prices would result in a 60% increase in revenue. Alternatively, increasing prices to an average 

of 59.5 € would have the same effect.  

Ionity depends on public subsidies and financial support because otherwise, the current 

financial prospect would be even worse, and if these interventions were to cease, the firm could 

soon face a distress scenario [Table 29]. 

 
Table 29: Long-term Forecast of the Income Statement 

 

 
37 See Appendix 3 {Note 3.d}. 
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3.2.2. New Fuels: Hydrogen 

 

Hydrogen offers numerous advantages, including its ability to serve as a clean and efficient fuel 

source and its versatility as a reliable power source.  

The objective of advancing fuel cell electric vehicles (FCEVs) in transportation has been to 

optimize fuel efficiency and decrease carbon and other pollutant emissions. Like electric 

vehicles, FCEVs do not emit CO2. Although the capital costs for FCEVs are lower compared 

to those of conventional internal combustion engines (ICE), the cost of a hydrogen combustion 

engine is roughly 1.5 times higher than that of a conventional ICE. However, the higher 

efficiency of hydrogen compared to gasoline in spark ignition engines has recently led to 

increased interest in hydrogen combustion technology. 

Fuel Cell Research and Development exhibits options-like attributes, which involve significant 

upfront capital investment, with the commercial value being highly speculative and uncertain. 

Porsche might employ joint R&D ventures as a hedging strategy in response to increasing 

market and technological unpredictability. By engaging in these collaborations, companies can 

explore numerous technologies simultaneously, creating a diverse portfolio of early-stage R&D 

options that may become future growth opportunities. These agreements require the 

reconciliation of various motivations, assumptions, and expectations in order to establish a 

contractual arrangement that manages the expectations of both parties amidst high uncertainty. 

The R&D on fuel cell own call option-like features: large capital expenditure required up-front 

but uncertain future commercial value.   

 

3.3. Porsche Unconven1onal Strategy: Horizon Three 

 

C. PORSCHE’S HORIZON THREE Create genuinely a New business 
 

Horizon Two is for visioners and unconventional thinkers. The path aims to explore options for 

future competitive advantage when the environment is changed, and Porsche must deal with 

uncertain choices and capabilities. Here, the current business model will be transformed, and 

thus the change might be disruptive. This analysis considers scalability to be a leading factor. 

A disruptive strategy is typically achieved when entering an existing market or creating a new 

one. For instance, launching a new product or service is a significantly different business model. 
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To provide so-called disruptive strategies, the concept of Red and Blue Oceans will be 

considered (Wattenbergh, 2019). 

 

A new Business Model  

 

Porsche, known for its high-performance sports cars, has the potential to disrupt the luxury 

yacht market by utilizing its brand prestige, technological expertise, and dedication to 

sustainability. By launching a line of high-end yachts, Porsche could expand its footprint in the 

luxury market and focus on innovation and luxury. This move aligns with the growing trend 

towards electrification and sustainability in the luxury sector, providing a unique combination 

of performance, luxury, and environmental awareness. 

Introducing luxury yachts would enable Porsche to expand its brand experience from land to 

sea, providing customers with a novel means to appreciate the brand’s values. By harnessing 

its existing customer base and brand loyalty, Porsche could introduce exceptional yacht 

experiences, such as private viewings, test sailings, and tailored customization options, 

comparable to its automotive offerings. This approach would further strengthen Porsche’s 

reputation as a luxury brand that surpasses conventional automotive limitations. 

The importance of scalability is paramount in this new initiative. Porsche’s strategy for entering 

the luxury yacht market with electric-powered yachts presents several opportunities for 

scalability. For one, the modular design and technology can be adjusted to fit yachts of varying 

sizes and types, enabling Porsche to cater to a wider market segment. Additionally, the 

collaboration with established yacht builders offers a scalable production model that can 

respond to changes in market demand. Lastly, by prioritizing sustainability and electric 

mobility, Porsche aligns with global trends, ensuring long-term scalability as regulations and 

consumer preferences shift towards more eco-friendly options. 

 

Firm specific capabilities  

 

Firm-specific capabilities are those tangible and intangible assets that can enhance Porsche to 

start building in-house yachts. At the first step, there’s the evaluation of the proprietary 

technology, that see Porsche to acquisition of patents in a leading position among the OEMs 

manufacturers.  
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The State of Yachting  

 

Yachts are classified into several categories, into board, outboard and sailing yachts. The state 

of yachting report that a positive trend for the industry, with a CAGR of 10% (2021Y-2023Y), 

with Italy holding a leading position with roughly 350 units build, and The US and Taiwan to 

have the highest growth (%) as the CAGR outpaces 15% (2022Y-2023Y). Yacht clients can 

purchase yachts though dealers, brokers or directly with the salesforce of yacht companies. The 

current research only focuses on new building yachts all the time it’s logged as sale to 

costumers. At the beginning of 2023, a number of 668 yachts under construction, but only 134 

were offered for direct sale.  The size of the yachts most prominent is between 30-39.99 M, that 

covers over 50 % of the sales.  

 

Main trends in the global industry 

 

• Growing customer base: the UHNWI population, the main target for yachts, is constantly 

increasing in the upcoming years.  

• Enhance the propensity of potential clients to invest in luxury maritime travel, which 

allows them to travel privately while journeying. 

• High growth potential in these emerging markets, as China and Middle East. 

 

3.4. The Cost of Capital of Porsche AG and Corporate Structure  

 

The calculation of the cost of capital involves specific factors for each of its contributions. As 

the cost of capital is calculated as the weighted average of the cost of equity and debt, both 

components are essential to the valuation process. The cost of capital (hereinafter, WACC) is 

essential because represents what the firms needs to make collectively on all its investments 

[Damodaran, 2001].  

 

Cost of Equity  
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An investor who has made an equity investment (i.e., shareholders) seeks a return that for the 

firm's side corresponds to the cost of equity. To estimate the cost of equity, hereinafter 𝑘5, the 

CAPM comes to the rescue.  

Based on Markowitz studies on modern portfolio theory and diversification and EMHs, CAPM 

has been created [Sharpe 1964, Lintner 1965] for measuring the systematic risk, symbolized by 

beta (𝛽), alongside to price risky securities to generate expected returns. 

In Markowitz model’s, an investor chose a portfolio at time 𝑡 − 1 which is “mean-variance” 

efficient, meaning that the portfolio minimizes the variance given an expected return or 

maximizes the expected return once the variance is known. Diversification is trivial and it can 

be reached by adding assets from sectors/industries. The CAPM allows to test the previous 

prediction by determining the return on similar investments with same sensitivity to market 

risk. The return provided in known as risk-adjusted expected return.  

Investment opportunities can be illustrated to show the trade-off between risk and expected 

return for minimum variance portfolio [Graph 6]. On the curve there are designated the 

investment opportunities that have been considered as “optimal”. The plotting on the chart 

exhibits all the efficient portfolios within the efficient frontier with short-selling or without 

short-selling38.  

 
Graph 1: Investment opportuni.es: Markowitz’s Efficient Por:olio. The porWolio considered are made up by the peers’ stocks. 
Computed with Python. 

 

 
38 Short selling (or Short Sales) – means to sell securi:es that one does not currently own with the inten:on to 
purchase back them in the future at a lower price. In CAPM, short selling is unrestricted, which means that 
investors are free to sell securi:es short without limit or any kind of constrain.  
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Further development looks at the Fama-French Model (1992) for estimate risky projects. The 

model is built considering that investors might hold other portfolios than the CAPM, pushing 

out strategies that creates extra-returns. Fama-French adds two factors which are the market 

capitalization (SMB) and book-value-to-market (HML) portfolios. 

 

CAPM vs Multifactor models 
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CAPM Simply put, the CAPM generates the expected returns of 

assets once their risk is known. The capital asset expected 

return	𝑅I($) is:  

 

𝑅I($) = 𝑟0($) + 𝛽I,qW$�𝑅qW$ − 𝑟0($)�,        

 

 𝛽I,qW$ =
f`r(U,,U5)
s6+(U5)	

 

 

where, 𝑟0($) is risk-free rate of return, 𝛽I,qW$	the sensitivity 

of the security 𝑖 compared to the market and 𝑅qW$  the expected 

return of the market index. Betas close to one means the 

portfolio/stock return has a perfect correlation with the market.   

3-factors 

Fama 

Here, the expected return is: 

𝑅I($) = 𝑟0($) + 𝛽I,qW$�𝑅qW$ − 𝑟0($)� +	𝛽)q4𝑆𝑀𝐵

+ 𝛽tqa𝐻𝑀𝐿 

 

where, the factors betas are respectively related with the 

measurement of the market risk, the size risk and the value risk. 

In particular, 

• 𝑆𝑀𝐵: small minus big, the difference between return on 

diversified portfolios of small and large capitalization stock 

• 𝐻𝑀𝐿: difference between return on diversified 

portfolios of high (distressed firms) and low (non-distressed firms) 

book-value-to-market. 
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Corporate finance practitioners suggest computing the equity beta in CAPM (or likewise for 

Fama-French) by looking at the betas for comparable firms (i.e., “the peers”), from which 

extract the unlevered beta.  

 

 

1) Selection of peers  

 

The selection of peers is selected by degree of comparability: 1) sector/industry; 2) 

competitive condition; 3) size and 4) profit margins.  

To limit the subjective biases the selection has been based on, the acceptance of a comparable 

firm rather than another, relies on a scoring method. The decision-making process is driven by 

an analysis of the business performance over time, which are: 
 

• Average performance (2017Y – 2022Y) named “AP”: consider the average value for the 

business measure of interest.   

• Last performance (2022Y) named “LP”: consider the last value available for the business 

measure of interest.   

 

 

The application of the scoring model allows to decide on selection of peers once the qualitative 

requirement is met. Porsche benefits from its outstanding financial performance, and as a 

consequence of that, the threshold values are shaped on its business performances. The intention 

is to maintain consistent standards for all listed companies in the same industry, but this will 

not be a rule. Instead, it will serve as a recommendation.39 

 

After selecting the peers, the distribution of returns on stocks can be visualized as histogram 

returns over a specified period. The period selected for analysis spans from December 31, 2019, 

to December 31, 2023. Here [Table 30], the height of the histograms signifies the frequency of 

returns, while the x-axis showcases the percentage returns. 

 

 
39 Appendix 3 – Peers tes:ng {Note 3.e.} 
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Table 30: Histogram returns computed with Python for selected peers. Computed with Python. 

 
 

Peers are evaluated for i) liquidity, ii) profitability, iii) earnings power and iv) return on equity. 

In the case of Porsche AG, comparisons are with the automotive industry as well as the luxury 

segment which entails premium brands, mainly in fashion and jewellery.  

The firms that succeed to the peers testing are BMW, Ferrari, Mercedes-Benz, Volkswagen, 

LVMH-Moet, Hermes, Moncler, and Estee Lauder. Here below [Table 31] all peers selected are 

assessed for their Net financial debt (also said, Net Financial Position, NFP). Furthermore, the 

capacity of peers to fulfill their financial commitments is highlighted by their Interest Coverage 

Ratio (IRC). NFP would be useful for debt computations.  
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Table 31: Net Financial Debt For the peers iden,fied and Interest Covered Ra,o (ICR) 

 
 

Now, the analysis is directed to estimate the average value of beta unlevered. Each comparable 

firm is assessed for its market sensitivity, as it would be necessary to calculate the beta equity 

for each. Before, there’s something else to bring up.  

 

2) Find the Benchmark index 
 

A financial analyst wonders what market am I referring at? The CAPM assumes the pricing is 

commensurate to market factors, so the estimations of both risk free and equity risk premium 

are on the way. The main concern at hand is determining the best index benchmark for assessing 

the market’s sensitivity. If not “the best”, at least one indicator with a good fit. 
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The Risk-Free Rate  

 

The CAPM assumes a premium over a riskless investment for which the investor knows the 

expected return with certainty. Thus, an investment to be riskless should meet the condition 

of being “default immune” and to have no uncertainty about reinvestment rates. Those 

requirements can be meet by plain vanilla bonds issued by sovereign states. A valid proxy is 

the Federal Republic of Germany Government Bond of 10 years tenure. The risk-free rate 

comes from the average in the log returns (i.e., yields) of the last 9 months. Consequently, the 

current (31/01/24) risk-free rate is 2.482%.  

 

The Expected Return of the Market Index and the Equity risk premium (ERP)  

 

The next decision concerns the selection of an appropriate index to represent the luxury 

market. Standard & Poor’s Global Luxury Index is a good fit, such it is made of 79 

constituencies, including Hermes, LVMH-Moet, Ferrari and Mercedes-Benz among the top 

ten elements. S&P Luxury index’s estimated return for the last 7 years is 10.64% (i.e., average 

weakly return). One way to assess the responsiveness of the peer’s stock to the index is to 

conduct a regression analysis [Table 32]. The R square indicates the correlation between the 

stock performance and its benchmark index. To put it simple, it shows the goodness of the fit. 

The decision to consider as peers also firms from different industry acknowledges consumer 

behaviors associated to luxury brands. Despite a clothes designer seems to have no affinity to 

a car manufacturer, the dynamic of luxury sector leads to valuation and investment strategies 

tailored to the luxury market. By adopting the S&P Luxury benchmark, it is determined that 

the estimated ERP is 8.16%. German manufacturers show high dependence with DAX Index 

that includes the 40 largest listed company in the Frankfurt Börse. Because the index return is 

5.28%, the ERP for the Federal Republic of Germany is 2.8%. Indeed, the use of a strictly 

automotive index such as STOXX Europe 600 Automobiles and Parts shows high correlation 

with BMW, Mercedes and Volkswagen but a low link with the other peers. For instance, R 

squared is 0.87 for Mercedes Benz, but 0.14 in the case of Estee Lauder. Alternatively, a wide 

benchmark like the MSCI World Price Index leads to the same weakness related to low 



113 

correlation with peers’ returns. Luxury market is a niche with peculiar characteristics and 

dynamics.  

 
Table 32: Regression analysis and R squared: Peers and S&P Luxury benchmark.  

 
 

 
 

 

 

 
 

 
 

 
 

 
 

 

3) Determine the average unlevered beta 
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The section preceding the analysis strictly for Porsche is focused on establishing the unlevered 

beta, which is a crucial component in the determination of a company's cost of equity. The beta 

equity is close to one for the selected peers. Some of them are also more volatile than the market. 

On average the beta equity is 0.93, as reported in [Table 33].  

 
Table 33: Betas levered and the unlevered beta. 

 
 

4) Estimate the Cost of Equity per Porsche AG 

 

The process of delevering leads to a beta unlevered of 0.72, on average. After, the computation 

related the assessment of sensitivity, the CAPM application give back a  cost of Equity of 

Porsche AG is 11.0% [Table 34]. 
 

Table 34: Cost of Porsche’s Equity 
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Cost of Debt 
 

The expense associated with borrowing funds, commonly referred to as the cost of debt, is 

determined by the interest coverage ratio (ICR) in addition to the risk-free rate. As per the 

estimation of Damodaran, a high ranking for Porsche, such as an AAA rating, would result in a 

slight premium. Non-financial firms with an AAA rating typically have a premium of 0.59 

percent, which implies that the cost of debt for such a firm would be accordingly. 

 

 
Table 34: Cost of Porsche’s Debt 

 

The cost of capital for Porsche AG is 9.7%. 

 

Corporate Structure 
 

The recent IPO followed after the spin-off of luxury vehicle division from the Volkswagen AG 

group has changed the company shareholding. At the time of the announcement, Volkswagen 

AG’s shareholding below reported, is divided into a group of equity holders and free float 

capital – owing different voting rights (December 31, 2021). The Company’s Board holds – 

through Porsche GmbH, the entire (100%) Porsche AG. The likely spin-off of Volkswagen's 

luxury vehicle division arises great interest among stakeholders.  

The new entity, Porsche AG, has been established with 911.00 ml of capital share according to 

the Prospectus. One half of the capital share are preferred share, and the other half is represented 

by ordinary shares. The admission to trading at Frankfurt Börse affects the 25% of non-voting 

preferred shares, which are split into base shares and over-allotment shares. The ordinary shares 

have not been listed, and the stake is owned by Volkswagen. So, the firm remained in the 

consolidated annual reports. 
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Table 35: The Corporate structure of Porsche AG before IPO 

 
 

 

 

3.6. The Current Valua1on of Porsche AG and IONITY GmbH 

 

Under the previous assumptions regarding the scenarios for Porsche’s strategic implementation 

of the switch to the electric market, we can examine their flexibility by considering the best-

case and normal-case scenarios. 

 
Table 36: Value of Porsche AG with DCF 

 
Undertaken with precision and care, the valuation has been executed with Capital Budgeting 

with uncertainty40. Consequently, if both the best case and the normal case will have same 

likelihood, the value of the cash flows will prove to be their average. Weather the uncertainty 

increases the value of the option, here there’s not a proper option, or at least not yet. The best 

case and the normal case depend strongly on the market trends, that is why the market had a in 

deep analysis.  

 

 
40 See the Appendix 3: the Capital Budge:ng under uncertainty {Note 3.f.} 
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Table 37: The Enterprise Value and The Equity Value Porsche AG – Date 31 Dec 2023 

 

 
On the other side, the current valuation of Ionity presents a promising outlook for future growth, 

as the electric market holds immense potential. Projections extending ten years into the future 

indicate that the terminal value will offer the highest degree of value added. 

The cost of Ionity is considered to be at a premium due to its high level of indebtedness, so the 

WACC stands around 12.8%. Ionity has recently announces (data, Ionity Press Office) to be 

committed for a € 700 M investment for power station expansion within 2025. The non-

discounted value of the capital expenditures overpass € 2B (time horizon 2030). 
Table 38: The Ionity DCF valua,on - A 
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Due to the current negative EBITDA, the multiple must be considered “figurative” as it 

demonstrates an EV to be much higher than the EBITDA.  

 
Table 38: The Ionity DCF valua,on - B 

 
 

Ionity’s current valuation renders a takeover unlikely, and thus, Porsche is likely to abandon 

the project based on its discounted cash flow analysis. 

 

3.7. The Uncertainty in the Market: Implied Vola1lity 

 

The estimation of the cash flows volitivity is essential to capture part of the uncertainty in the 

market. Higher uncertainty implies upside gains other than losses, which enhance the value of 

the option. Due to the unique characterisQcs of the Black-Scholes model, it is essenQal to 

recognize that the Vega, which represents the first derivaQve of the formula with respect to 

volaQlity, is consistently posiQve.  

 

𝐶-∗ = 𝐵𝑆𝑀	𝐶𝑎𝑙𝑙	𝑂𝑝𝑡𝑖𝑜𝑛	𝑃𝑟𝑖𝑐𝑒	(𝑆-, 𝐾, 𝑡, 𝑟, 𝜎Iq_aI5%) 

 

This posiQve value signifies a direct relaQonship between call values and volaQliQes, and 

consequently, a single soluQon for the equaQon. The studies will be conducted on the volaQlity 
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of the EURO STOXX 50 stock index. The model can be settled to study the forecasting on discrete 

time [Graph 2].  

 
Graph 2: Implied Vola,lity with BSM 

 

3.8. The Op1ons Applica1on  

 

APPLICATION IN THE HORIZONT 2: The Case of Ionity’s takeover. 
 

The Case examines the acquisition of Ionity, which in the future might be one of the most 

extensive charging stations networks, with the involvement of “Porsche Ventures” as the 

venture capital entity. The target firm could be valued under an LBO model to embed the 

flexibility of exiting when favourable conditions occur. The options available for Private Equity 

firm (PE)41 is planning their exit strategy: exit now or later. Here, either American or European 

option can be used because PE have no restriction in deciding when to exit.  

The analysis there is the build of the pre-LBO model: three-statement financial projections. The 

entire implementation relies on assumptions based on recent transactions by Porsche Ventures. 

PE [Table 39] firms undertake investments to keep in their portfolio for around 10 years, but 

they could go further and extend the period extra, later the investment vehicle decide to exit. 

 
41 A Private Equity Firm is a vehicle that undergoes buyout transac:ons using a large amount of debt.  
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Once the funding source are gathered the management company – the counselling branch of 

the PE – start to scout for potential target, and if it is suitable, invest in them.  

 

 
Table 39: The Private Equity Structure (Porsche Ventures) 

 

At the time when Porsche was contemplating granting access to its electric car network, the 

venture capital division elected to investigate the feasibility of acquiring Ionity. Our 

examination is comprised of two components: the holding period and the post-exit period. 

 

The value of the target will be: 

 

𝑇𝑎𝑟𝑔𝑒𝑡	𝑣𝑎𝑙𝑢𝑒 = 𝐿𝐵𝑂	𝑣𝑎𝑙𝑢𝑒 + 𝐻𝑜𝑙𝑑𝑖𝑛𝑔	𝑜𝑝𝑡𝑖𝑜𝑛 + 𝑃𝑜𝑠𝑡	𝑒𝑥𝑖𝑡	𝑜𝑝𝑡𝑖𝑜𝑛 

 

Static Pre-LBO Valuation  

 
The process of performing a Leveraged Buyout (LBO) valuation begins with the preparation of 

a Pro Forma Income Statement42. This statement is formulated based on extensive market 

research, which is meticulously detailed in the forecasting sections. The primary objective of 

 
42 See the Appendix 3:  presenta.on of the Proforma Income Statement and Proforma Balance Sheet {Note 
3.g.} 
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this exercise is to ascertain the net income for the first year following the buyout, while 

simultaneously taking into account the subsequent “erosion” of equity that will be incurred by 

Ionity. Same considerations extend to Balance Sheet Pro-Forma, where there are pointed out 

the required adjustments following the buyout.  To sum up, the first steps are: 

• Build the historical and Forecasted Income Statement; 

• Define Opening Balance Sheet and Projection of the Items in the future; 

• Elaborate the Cash Flow Statement.  

Most important advancements are reserved to the Cash Flow Statement Table because it led to 

the determination of the Cash Flow to debt repayment [Table 40]. 

 

 

 
Figure 40: Cash Flow Statement of Ionity (FCF) 

 

In the context of financial structure, the use of Leveraged Buyout (LBO) analysis by an analyst 

is to establish a feasible financing structure for the intended acquisition. In practical application, 

the objective is to provide the financial sponsor with a tailored financing structure that optimizes 

returns while maintaining the status of marketable securities. The entire process is iterative as 

not all information is available at the moment of the analysis.  

A table of sources and uses [Tables 41-42] is the key path to understand the funds required for 

a buyout transaction. The pricing is characterized by the spread (in basis points) over the 

EURIBOR (L), which is typically elevated during these periods. 
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Table 41: Source of Funds - LBO 

 
Table 42:  The uses of Funds - LBO 

The acquisition of businesses typically involves the repayment of debt, in addition to fees such 

as financing fees and other expenses. These costs are taken into account during the buyout 

process. The Debt Schedule [Table 43] relies on mandatory payments and optional based of 

more flexible financing alternative. Revolving Credit requires repayment at the maturity date 

of all outstanding advances, a term loan is a closed contract agreed in advance. Other debt is 

senior unsecured notes issues for financing the transaction.  

 
Table 43:  Debt Schedule (Ionity)  
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Figure 44: Debt Payment es,ma,on – LBO   

 

The purchase price for a loss-making firm in the technological infrastructure start-up sector 

typically ranges around 15 times EBITDA (15x). The sponsor is evaluating the purchase 

price based on a negative operating income scenario. When applying a Discounted Cash 

Flow (DCF) analysis, the Enterprise Value would likely be higher due to the consideration 

of future cash flows and growth potential. The Cash Flow Statement ultimately serves to 

demonstrate the liquidity at hand. 

 

 

 
Figure 45: Cash Flow Statement – Financing Ac,vi,es (Ionity) 
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Perform Returns Analysis: LBO Valuation 
 

Generally, sponsor will require a target IRR between 15% to 20 %. IRRs are the key driver to 

project the target’s financial performance. IRR stands for the “opportunity cost of capital” 

that investor will require for entering into a illiquid investment.  

 

 
Figure 46: Return Analysis - LBO 

 

The results of the financial analysis indicate that the earliest possible time to exit is in the year 

2028Y, based on the internal rate of return (IRR). Additionally, the most suitable time period 

for exercising the option to exit is estimated to be between 2029Y and 2030Y. No changes 

should be made to the citations, references, or in-line citations, and the numbers within the 

text should not be altered. Here the exit multiple is expected to be 800% higher than entry 

multiple.  

 
Figure 47: The IRR - LBO 
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Assessment on the Risky Debt: Option Valuation in the earliest occasion to 

exit 

 

Under the auspices of Chapter II, the valuation of the target firm can be ascertained through 

the use of the option approach, particularly in situations where there is ambiguity 

surrounding the volatile market conditions. 

Data exhibits that on 2028, the expected enterprise value is € 1,150 M, while the debt will 

be roughly a bit less than a half. Under the below forecast. Suppose that the current value 

is the asset value (e.g., also DCF valuation could be used).  If the intention is to estimate 

the impact of debt on the LBO transaction, the current analysis could be useful to be read.  

 

 

 

 

The probability of default is quite significant, even though a small value of the Loss Given 

Default (LGD). 

 
Figure 48: The Binomial Ladces: The Risky Debt in a LBO transac,on 
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The debt value today is € 420 M, while the equity at maturity 𝑡 = 6 will be: 𝐸𝑉(u) − 𝐷𝑒𝑏𝑡(u).  

The estimation goes backward like 𝐸𝑥𝑝(−𝑟𝑡) ∗ (𝑝𝐸𝑉u6789	2 + (1 − 𝑝)𝐸𝑉u6789	&)  

 
Figure 49: Debt Value and Equity Value of Ionity  

 
 

 

 
 

The Cost of Capital can be derived by the beta equity and beta debt. Remember that,  

 

𝛽5 = 𝛽6𝐷𝑒𝑙𝑡𝑎f6aa 	
𝑉
𝐸 																																						𝛽% = −𝛽6𝐷𝑒𝑙𝑡𝑎_P$	

𝑉
𝐷	 

 

In this context, beta debt is essentially negligible but not completely non-existent. As the 

likelihood of default increases, particularly due to higher volatility which negatively impacts a 

company’s creditworthiness, the beta debt tends to rise accordingly. 

 
Figure 50: Delta Equity and Delta Debt (Ionity LB0) 
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Beta debt appears to be negligible. It is essential that the sum of delta equity and delta debt is 

equal. 

 

Figure 51: Beta Equity and Beta Debt – (Ionity LBO) 

 

 
The relation between the two betas can be found with Harris-Pringle. The link shows up 

that… 
 

𝛽= = 𝛽 + (𝛽 − 𝛽b)(1 − 𝑡v)	�
𝐷
𝐸� 

 

By considering tax shield the true value of beta equity at time zero should be close to 1.21 

value.  

 

Figure 52: Beta equity with tax shield  
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Same calculation can be done with Black-Scholes Model.  

 

Figure 53: Black-Scholes Model 

 

 

Decision-making in LBO: Embedded Real Op7ons 

 

At the time the PE decides to exit from its investment, the “exit value” is the value attributed to 

the target by a potential buyer. Multiple valuation for determine the exit value has been 

preferred because of high bargaining power from the buyer at the time Ionity is a loss-taking 

firm.  

In the current case, the underlying asset is the firm’s assets market value of the firm. If the PE 

decides to exit before the investment maturity, there isn’t a related cost for exercising the option 

(i.e., by considering any transaction costs negligible). The real “opportunity cost” is the leftover 

required return from the investors. As a consequence, the holding option will be exercised if the 

target value (i.e., the underlying) is greater than the firm value at some point in the time 

schedule. To put it simpler, if PE decides to leave earlier then the investment vehicle quits from 

its right to sell at expiration date. The exercise price at node x can be sum up as the value of the 

equity determined by the IRR, and the addition of the leftover debt in the LBO model subtracted 

by the cash flows (FCF). 
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𝑉Zt`a% = 𝐸𝑞𝑢𝑖𝑡𝑦Z*/	�1 + 𝐼𝑅𝑅$6+w5$�
Sx + [𝐷𝑒𝑏𝑡Z*/ − (𝐹𝐶𝐹)Δt] 

 

Similarly, the post-exit option is valued at the required equity less the debt, and the cash flows 

are expected to maintain the capital structure’s financial stability. In this scenario, it is assumed 

that the cash flows will remain constant following the exit. Dividends are added considering 

the policy that Ionity has the intention to distribute 25 % of the net income. Further assumption 

in the constant capital structure will be interesting to add the debt-equity ratio.  

 

𝑉Z
_`)$*5ZI$ = 𝐸𝑞𝑢𝑖𝑡𝑦Z*/	�1 + 𝐼𝑅𝑅$6+w5$�

Sx − 𝐷𝐼𝑉Z + debty

= 𝐸𝑞𝑢𝑖𝑡𝑦h*/ + �1 + 𝐼𝑅𝑅$6+w5$�
∆$ − 𝐷𝐼𝑉h)

𝐷𝑒𝑏𝑡$
𝐸𝑞𝑢𝑖𝑡𝑦$

 

 

Determining the time to expiration is not an easy task because in the real-world real options 

could be “shared” in the sense that also other peers might undertake the same decision. Here, 

the options are proprietary of the investment vehicle. In the holding option the expiration time 

follows the “holding period” itself. Reversely, in the “post-exit period” it can’t be exerted 

following the theory because the expiration date would be seen as meaningless. However, in 

the real-world the PE can’t wait for “free” from the commitment. For this reason, the time 

horizon of the post-exit option is the agreed time (i.e., the most common agreed lifespan) for 

the PE firm to have in its portfolio this investment.   

 

The Holding OpLon 

 

The Exercise price is calculated with the result from the Multiple Valuation in LBO, as the 

current framework provide the required return in an easy way. To compute the holding period, 

marked as 𝑋(ℎ𝑜𝑙𝑑𝑖𝑛𝑔), the process is split in two stages: 

 

• The calculation of the value of equity of each period extrapolated with the required IRR, 

𝐸𝑞𝑢𝑖𝑡𝑦Z*/(1 + 𝐼𝑅𝑅)-.{. The IRR is the average of the required returns for transactions 

when compared to the transaction comparables (Comps). 
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• The calculation of the debt value alongside the transaction period is 𝐷𝑒𝑏𝑡Z*/ −

(0.5	 × 𝐹𝐶𝐹). The cash flows represent the mandatory debt payment to the debtholders.  

 

Yet, the 𝑋(ℎ𝑜𝑙𝑑𝑖𝑛𝑔) is the sum of both the contributions. The assumptions are that… 

 
Thus, 
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Figure 54: Ionity asset’s market value  

 

The on-the right computation shows the 

evolution of Ionity market value under the 

Multiple assumptions. 

By employing the approach of considering 

the EV at the buyout’s inception, it is 

feasible to replicate the binomial lattice 

model. The theoretical framework dictates 

that the Holding option value is determined 

by tracing backward from the present date.  

In 2030, the exercise year’s value is 

€24.742 M, and it is slightly higher at 

€24.991 M for the 2029 exercise year. 

Indeed, it appears that 2029 holds as the 

best choice. In reality, the value of the 

option is a bit higher than the current 

estimation because the American Options 

would be the best fit for the case, while the 

current implementation looks at the 

European Options.  

Nevertheless, the result means that the fact 

that it is possible to exit before the planned 

time is worth a value to the PE firm.  Later, 

it can be showed the evolution of the 

binomial lattices for the suggested year.  
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Figure 55: LBO Holding op,on 2029 vs 2030  
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The Post-Exit OpLon 

 

Using the same simulation but with adjusted assumptions, the post-exit option can be also 

calculated. The new assumption considers a lower value for volatility because in the long run 

after the “likely exit” either the capital structure or the environment scenario is considered more 

stable.  

 

 
 

 
 

If the Ionity value after the LBO transaction evolves alike… 

 

Figure 56: Ionity Future (Post-Exit) Value Op,on 
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The private equity firm has “retained” a value for the potential decision to delay its exit after 

the initial planned date. The value of the option is € 7,384 M. 

 

 

Figure 57: Post-Exit Value 

 

Decision-making in LBO: The End Value with Real Op7ons 

 

At the time the embedded real option is valued, the real value of a leveraged buy-out transaction 

can be determined as the combination between either the holding option or the post-exit option 

with the value attributed to static LBO. The value of the operation will be around € 1,76 B.  

 

𝐿𝐵𝑂	𝑣𝑎𝑙𝑢𝑒 = 1,727,690 + 24,991 + 7,384 = €	1,760,065	𝐾 

 

APPLICATION IN THE HORIZONT 3 

 

Real options provide a strategic framework for evaluating investment opportunities, including 

those in new disruptive businesses. This framework offers a means of navigating the 

uncertainties that are inherent in such ventures and can be applied to situations where 

innovations are introduced that significantly alter market dynamics, customer behaviours, or 

the competitive landscape. The use of real options in this context allows decision-makers to 

make more informed choices about how to proceed with investments, taking into account the 

potential risks and rewards associated with disruptive innovations. Growth and expand option 

are the most common in an unfolding market scenario.  
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For the Third Horizon Porsche’s look might look at brand extension. Since Porsche 

manufacturer is well identified in the luxury segment, a HNWIs might consider buying a sailing 

vessel branded “Porsche”.  

 

First step, the strategic decision has to entail the value of the brand with the Relief from Royalty 

method. The assumptions [Table 57] rely on ten years of residual useful life (RUL), the royalty 

rate for luxury brand as 10.4% (Data, 2023 RoyaltyStat), the tax benefit (Tab) and the cost of 

capital (CoC) for intangibles43.  

The objective of the ROT approach is to consider the growth opportunities inherent in a brand 

that are frequently overlooked in conventional valuation methods. By growth opportunities can 

be seen option to expand in new geographical areas (“brand expansion”) or to expand in the 

market by launching new products (“brand extension”)  

The value of the brand is determined by the total amount of “savings” as a result of not having 

to pay a royalty fee in order to utilize the brand with the assumption of zero long term growth 

plus the embedded options of possible expansion (Gonzalez Lodoño, Zulauga Carmona and 

Maya Ochoa, 2012). 

 

The pursuit of brand expansion and the entry into a disruptive new scenario is anticipated to 

enhance the worth of the brand. The timeline for the implementation of this business decision 

is envisioned to be in the year 2025 [Table 58]. 

 

Assumptions 

 
Table 58: The Relief from Royalty - assump,ons 

 
 

Relief from Royalty method 

 

 
43 See the appendix 3 {Note 3.h.} 
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Table 59: Discounted Cash Flows from Relief from Royalty method 

 
 

 

The current value of the brand is €2.9 billion, and it is expected to reach €3.2 billion by 2025. 

Almost 30 % of the trademark is represented by a terminal value to capture the long-term 

outlook. The name Porsche count for 1/3 of the Enterprise Value (EV), excluding the Tab 

factor.44  

If Porsche were to begin manufacturing yachts, it is conceivable that some of its existing 

customers or potential buyers would opt to purchase one. In 2025, Porsche, the German 

manufacturer, will be faced with the decision of whether to expand or not to expand. Expanding 

would entail increased capital expenditures, but it would also present the opportunity for greater 

sales in the future, which could result in an enhancement of the brand’s value. 

 

The yacht market demonstrates an increase in value, indicating a promising route for growth 

[Table 59]. The assumption in the Long-Run would be that Porsche Yacht – the new subsidiary 

established – will start its operation in 2026.  

The expected value from the project is € 304 M. The brand extension will be carried out mainly 

in North America and Middle East. The subsequent step entails the implementation of Real 

Options, which involves setting a no growth scenario to which the value of future brand growth 

opportunities can be added. The decision making involves a trade-off among:  

• No growth: assume there is no additional investment in the project (i.e., other than 

maintenance expenses); 

• Growth: higher capital expenditures to have future sales increase. 

 

 

 
44 The EV of Porsche is es<mated to be 75,084 millions of Euro (Es<ma<on in Horizon 1). 
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Figure 60: The Current Status of Yacht market. Data taken from average annual statements of the firms, exhibit in millions. 

 

The intention from Porsche Yacht is to launch the first vessels for the sale in early 2027. As 

such the estimate investment required for the positioning in the market is € 124.8 M, which 

involve the First Phase were the newCo start joint agreement with already operating 

companies. The expected value added is € 154.4 M. Later, Porsche Yacht decides to further 

extend its operations into the business with in-house production of the vessels.   

 
Figure 61: Capital Expenditure for Horizon 3: Expenditures for establishing a Shipyard. Data based on Damodaran. Data in 
millions 
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It is imperative to distinguish between the concepts of the option to expand and the decision to 

extend, as they pertain to different strategic considerations within the realm of real options. The 

literature on real options delineates the option to expand as pertaining to the valuation of the 

decision to initiate a new venture or product. This is contrasted with the decision to extend, 

which specifically refers (in this specific case) to the decision by Porsche Yachts to potentially 

increase its operations subsequent to its market positioning. The former is associated with the 

economic value of launching new endeavours, while the latter deals with strategic decisions 

regarding operational scalability post-establishment in the market.  

 

Please note that the capital expenditure [Table 61] is supplementary to Porsche’s existing capital 

expenditures. The option to expand does not occur on the same time of the positioning. The 

possible date for positioning can be 2026 (i.e. date for the start of operations), but the follow 

extension is scheduled for 2028.  

 
 

In case the project of positioning and extension are going to be undertaken jointly, the NPV is 

negative. However, the option sells at € 6 M. Because NPV < 𝑂𝑝𝑡𝑖𝑜𝑛 the current value of the 

option is value of waiting 10 years. The decision would be to not undertake the project now 

because it would grant a negative value [Table 62]. 

 

𝑁𝑃𝑉 = −(𝐾/ + 𝐾2) +¡
𝐶𝐹

(1 + 𝑤)I = −678.5 + 304 = −395 < 𝑂𝑝𝑡𝑖𝑜𝑛	𝑡𝑜	𝑊𝑎𝑖𝑡 

 

However, Porsche Yachts is willing to evaluate if the positioning within the 2028 could be 

feasible or not. The option gives the right to launch the new business (“option to expand”) to 

start its operation within 2026. Positioning entails joint agreements for the realisation of yachts 

with other firms already operating in the business and it is mainly related with the design and 

brand recognition.  
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Table 62: Decision to undertake the projects jointly. 

 
 

The decision to undertake the project can be seen with the binomial lattice [Table 63]. The 

representation shows that the decision to “positioning” or “extend” occurs in specific cases in 

the future.   
Table 63: Decision to undertake the project jointly – Binomial ladce Data in millions

 

 

 

Recognizing the shortcomings of collaborating on projects, the managers nonetheless sought to 

determine whether the proposal to adopt a particular positioning is feasible. If the choice falls 

in positioning, the expected cash flows reduce to € 154 M [Table 60]. Here, the NPV is positive, 

and the option has a value too.  
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Table 64: Decision of Posi,oning – Op,on Value. Data in millions 

 
 

If Porsche were to enter the yachting market, the brand would generate an additional € 59 M in 

revenues45. Currently, the choice of whether to expand the business rests with the company, and 

the value of making this decision now is €30 M [Table 64]. Yet, it means that the decision to 

extend can be valued as an option to abandon. 

 
Table 65: Decision to Extend – Op,on value. Data in millions 

 
 

Therefore, there’re can be the following interpretation of the results. If the calculation of the 

NPV occurs today, it would be negative for the extension project. The advantages of extension 

grant € 304 million (discounted), while the expenditures amount to roughly one time and a half, 

at € 554 million. The expansion option is likely to be out of the money, at least the 

 
45 The decision considers the NPV	+	Option	to	expand, the NPV is the difference between benefits and costs 
for the project and the op:on is an add-in to the project value.  



141 

considerations fall into the decision to wait ten years. In any case the extension decision is 

feasible today.  

However, Porsche can announce its decision to expand towards the yachting market, start 

positioning, and at the end “dispose” the extension project. The value of a brand is primarily 

intangible and is determined by the market. The announcement made by the company can have 

an impact on the brand’s value. Here, the options are compounded. If Porsche Yachts make the 

decision to positioning, the managers do not wait (i.e., managers “kill the option”), and they 

will have later the option to abandon.  

 

The decision would increase brand value: 

 

𝑉𝑎𝑙𝑢𝑒	𝑜𝑓	𝑡ℎ𝑒	𝑏𝑟𝑎𝑛𝑑

+ 𝐷𝑒𝑐𝑖𝑠𝑖𝑜𝑛	𝑡𝑜	𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑖𝑛𝑔

+ (𝑂𝑝𝑡𝑖𝑜𝑛	𝑡𝑜	𝑤𝑎𝑖𝑡)

+ 𝑂𝑝𝑡𝑖𝑜𝑛	𝑡𝑜	𝐴𝑏𝑎𝑛𝑑𝑜𝑛 

 

𝐿𝑖𝑘𝑒𝑙𝑦	𝑣𝑎𝑙𝑢𝑒	𝑜𝑓	𝑡ℎ𝑒	𝑏𝑟𝑎𝑛𝑑 = 	29,172 + 59 − 6	 + 133		 = €	29, 364	𝑀 

 

The estimated value of the brand is believed to be approximately € 29,364 million, including 

an additional € 186 million from option valuation. 

 

3.9. Conclusions  

 

Real options are a strategic tool used for decision-making under uncertainty, allowing 

companies to evaluate and manage the flexibility they have in their investment decisions. 

By incorporating real options analysis into their decision-making process, companies can better 

understand the value of their investments and make more informed decisions. Even though 

dissertation on Real Options generally involve the pharmaceutical or real estate sectors, the idea 

was to provide peculiar applications in M&A and investment valuation. However, it is important 

to note that real options are not a tool “per se” (lat.) as other valuation methods such as DCF, 

APV, or Multiple valuation are still used. Real Options are a complement to traditional valuation 
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methods by providing additional insights to the decision-makers. In practical application, this 

has proven to be a lesson well-learned. 

In private equity transactions are carried out with a significant amount of leverage, resulting in 

the acquisition being referred to as a leveraged buyout. It is essential to have a comprehensive 

understanding of the debt intake on and the capital structure during the holding period. At 

present, Ionity is experiencing losses as electric vehicles have not yet gained widespread 

popularity (except from Norway). If public authorities do not install charging stations along 

European roadways, the private sector may need to step in to meet this need. The automotive 

industry is currently characterized by a high degree of uncertainty. Use real options in private 

equity is brilliant, but some shrewdness in required. The exit option is the value of flexibility, 

that is monetizable as long as someone is willing to pay for it, otherwise the value remain 

“theoretical”. Without a doubt, the true value of real options is not recognised in financial 

reports. Nevertheless, it does possess a market value that encompasses the potential flexibility 

strategy. In this case, the value of flexibility is reserved for a potential buyer.  

 

In order to fully understand and utilize real options, it is helpful to consider three horizons. 

Without these horizons, it may be difficult to conceive the creation of real options. In this 

current dissertation, the Porsche’s evolutionary strategy is hypothetical. We don’t know if 

Porsche Ventures will ever takeover Ionity (or any other charging station network) or initiate a 

new R&D for hydrogen fuel or decide in the future to expand by creating a new business, but 

our knowledge about Real Options can give us a hint to understand how to behave to face 

transformational strategy. If event that can potentially disrupt the market arises, what measures 

can be taken to address the situation? 

The current value of Porsche is € 75 B, in case their market share to luxury remains constant 

over time. However, the Enterprise Value could reach € 83,8 B in case of a growing market 

share. Porsche should ensure that electric car users can re-charge their vehicle fast and “every-

time available”. The importance of maintaining a commitment to car station availability is 

paramount. By the year 2030, Porsche projected to sell between 385,000 and 454,000 units, 

resulting in a total value of €48 billion to €53 billion. Given these projections, it is clear that 

staying abreast of the trends in the electric market is of utmost importance. Due to Ionity’s 

current financial state as a loss-incurring enterprise, its shares are being sold at a discounted 

price. As a result, the buyouts may present an attractive opportunity for gaining control over the 
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charging network while also expanding the company’s business operations. The value of Ionity 

after the takeout could overpass € 1.7 billions. It is possible that a similar situation may arise if 

Tesla chooses to spin off its Tesla Supercharger division.  

In the estimation of the value of Porsche at the third horizon, a crucial distinction is made 

between the company’s decision to enter the yachting market and to wait for potential future 

expansion. Another aspect is the worth that can be assigned to the brand. When making 

decisions, Porsche’s internal deliberations remain undisclosed, like in the first case. The public 

outside never will know if Porsche is really indented to extend its operations after the 

positioning. It is likely that Porsche will primarily engage in branding initiatives and form 

partnerships with established companies in the yachting industry at this time. Therefore, the 

market value assigned to the company is heavily influenced by the behavior of high-net-worth 

individuals (HNWIs) in response to news of a new business venture. In the latter case, the 

announce influence strongly the brand.  

 

In any case, the goal of the dissertation was “to explore the application of real options to 

investment decision-making to evaluate Porsche’s strategic flexibility”. The intention behind 

the case study was to offer a practical use and comprehension of Real Options that could serve 

as a guide for practitioners or, at the very least, for students who are eager to learn about options 

in corporate finance. The ongoing changes in the world seem to suggest that decision-making 

will be more and more riffed with uncertainty and Real Options are here to stage a nice chill 

ambush to smooth the things over (idiomatic)!  
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Appendix 1 

 

[1] Definition: A stream of cash flows follow a GBM, so that: 

𝑑	𝑋$ = 𝛼𝑋$	𝑑𝑡 + 	𝜎𝑋$	𝑑𝑍$														where 𝛼  is the mean change in 𝑋 per unit time (or drift), 

while 𝜎 	 is the standard deviation, 𝑑𝑍	 is the random increment of the Wiener process. Thus, 

𝑑𝑍	~	𝜀$√𝑑𝑡 and 𝜀$~𝑁(0,1). 

 

[2] Definition: A firm wishes to undertake an investment when the expected present value of 

the option to invest is maximum: 𝐹(𝑋	, 𝑡) = max
	'	∈	)

Ε[(𝑋) − 𝐼	) exp(−𝑟𝑠)	 𝑑𝑠	] .  The project 

payout won’t be discounted at a risk-free rate, but at a bearing risk rate. So, the discount rate 

follows the CAPM.        

The CAPM (Merton, 1973) has been implemented to determine the risk-adjusted rate of return 

on the project. Same to the stream of cash flows, also the market portfolio is governed by a 

Brownian motion:  

𝑑𝑃q(𝑡) = 𝜇q𝑃q(𝑡)	𝑑𝑡 + 𝜎q𝑃q(𝑡)	𝑑𝐵(𝑡)       where the 𝐵(𝑡) is the standard Wiener process 

for the capital market, which is correlated with the previous random increment 𝑑𝑍	in [1]. Here, 

the 𝜇q and 𝜎q are the drift rate and standard deviation, respectively, for 𝑃q(𝑡)	which enters the 

model [2] as a risk measure with parameter 𝜆.	In particular, 𝜆 is the extra return over the risk-

free rate over market volatility: 𝜆 = |5*+0:;;
75

.  The risk measure parameter is located in 

expression [2] inside the discount rate, because 𝑟 = 𝑟0+55 + 𝜆𝑝𝜎.  

 



 xiii  

[3] Proof: The equation has been set out in Clark (1970) and Ocone and Kaearzas (1991), 𝑋$ 

can be extended as an Itô process. By recalling that 𝑑𝑍 = 	𝜌𝑑𝐵	 +	o1 − 𝑝2𝑑𝑍, by substituting 

into [1], then the Brownian motion becomes: 

𝑑𝑋$ = 𝛼𝑋$	𝑑𝑡 + 	𝜌𝜎𝑋$	𝑑𝐵$ 	+ 	o1 − 𝑝2	𝜎𝑋$𝑑𝑍$. This equation can be summed up as 𝑑𝑋$ =

𝑋$	�𝛼𝑑𝑡 +	𝜎Z	�𝑝𝑑𝐵$ 	+ 	o1 − 𝑝2	𝑑𝑍$�Ú, where the generic standard deviation is market by 𝜎Z 

so that the correlation parameter 𝑝 might be broken down as: 

𝑝 = 75

}75& .7<&
, (𝜎	&)2 = 𝜎q2 + 𝜎~2. 

The components 𝜎q	  and 𝜎~	  measure the exposure of the underlying toward systematic and 

idiosyncratic risk, respectively.  

 

[4] Proof: The investment option satisfies the following differential equation (derived with Itô’s 

Lemma): 

 

𝑑𝐹 = f
1
2
𝜎![𝑋(𝑇)]!	

𝜕!𝐹(𝑋, 𝑡)
𝜕!𝑋

+ (𝛼)[𝑋(𝑇)]	
𝜕	𝐹(𝑋, 𝑡)
𝜕	𝑋

+
𝜕	𝐹(𝑋, 𝑡)
𝜕	𝑡

l 𝑑𝑡 +
𝜕	𝐹(𝑋, 𝑡)
𝜕	𝑋

	𝑝𝜎[𝑋(𝑇)]	𝑑𝐵(𝑡)

+
𝜕	𝐹(𝑋, 𝑡)
𝜕	𝑋

m1 − 𝑝!	𝜎[𝑋(𝑇)]	𝑑𝑍(𝑡) 

 

Consider a dynamic portfolio at time t with 1) investment option 𝑑𝐹 and 2) selling option (i.e., 

go short) of 𝑛 units in the market portfolio. The return from portfolio is: 

𝑑𝐹 − 𝑛𝑃=(𝑡) = i
1
2𝜎

>[𝑋(𝑇)]>	
𝜕>𝐹(𝑋, 𝑡)
𝜕>𝑋 + (𝛼)[𝑋(𝑇)]	

𝜕	𝐹(𝑋, 𝑡)
𝜕	𝑋 +

𝜕	𝐹(𝑋, 𝑡)
𝜕	𝑡 r 𝑑𝑡 +

𝜕	𝐹(𝑋, 𝑡)
𝜕	𝑋 	𝑝𝜎[𝑋(𝑇)]	𝑑𝐵(𝑡)

+
𝜕	𝐹(𝑋, 𝑡)
𝜕	𝑋

t1 − 𝑝>	𝜎[𝑋(𝑇)]	𝑑𝑍(𝑡) − 𝑛𝜇?𝑃=(𝑡)𝑑𝑡 − 𝑛𝜎=	 𝑃=(𝑡)𝑑𝐵	(𝑡) 

 

Which can be ordinated to: 

= w
1
2𝜎

>[𝑋(𝑇)]>	
𝜕>𝐹(𝑋, 𝑡)
𝜕>𝑋 + (𝛼)[𝑋(𝑇)]	

𝜕	𝐹(𝑋, 𝑡)
𝜕	𝑋 +

𝜕	𝐹(𝑋, 𝑡)
𝜕	𝑡 − 𝑛𝜇?𝑃=(𝑡)x𝑑𝑡

+ w
𝜕	𝐹(𝑋, 𝑡)
𝜕	𝑋 	𝑝𝜎[𝑋(𝑇)] − 𝑛𝜎=	 𝑃=(𝑡)x 	𝑑𝐵(𝑡) +

𝜕	𝐹(𝑋, 𝑡)
𝜕	𝑋

t1 − 𝑝>	𝜎[𝑋(𝑇)]𝑑𝑍(𝑡)

= y
1
2𝜎

>[𝑋(𝑇)]>	𝐹′′(𝑋, 𝑡) + (𝛼)[𝑋(𝑇)]	𝐹′(𝑋, 𝑡) − 𝑛𝜇?𝑃=(𝑡){ 𝑑𝑡

+ {𝑝𝜎𝑋(𝑡)𝐹@(𝑋, 𝑡) − 𝑛	𝜎=	 𝑃=(𝑡)}𝑑𝐵(𝑡) + 𝐹@(𝑋, 𝑡)t1 − 𝑝>	𝜎𝑋(𝑡)𝑑𝑍(𝑡) 
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By substituting 𝑛 = *+,(.)0!(,,.)
+"2"(.)

 into the return yield the equation look as: 

= }
1
2𝜎

>[𝑋(𝑇)]>	𝐹′′(𝑋, 𝑡) + (𝛼)[𝑋(𝑇)]	𝐹′(𝑋, 𝑡) −
𝑝𝜎[𝑋(𝑡)]𝐹@(𝑋, 𝑡)

𝜎?
𝜇?~𝑑𝑡

+ }𝑝𝜎𝑋(𝑡)𝐹@(𝑋, 𝑡) −
𝑝𝜎𝑋(𝑡)𝐹@(𝑋, 𝑡)

𝜎?𝑃?(𝑡)
	𝜎=	 𝑃=(𝑡)~𝑑𝐵(𝑡) + 𝐹@(𝑋, 𝑡)t1 − 𝑝>	𝜎𝑋(𝑡)𝑑𝑍(𝑡) 

Therefore, 

= y
1
2𝜎

>[𝑋(𝑇)]>	𝐹′′(𝑋, 𝑡) + �𝛼 −
𝜇?𝑝𝜎
𝜎?

� [𝑋(𝑇)]	𝐹′(𝑋, 𝑡){ 𝑑𝑡 + 𝐹@(𝑋, 𝑡)t1 − 𝑝>	𝜎𝑋(𝑡)𝑑𝑍(𝑡) 

The risk associated with a dynamic portfolio over 𝑑𝑡 is diverse. However, the expected rate of 

return for the portfolio equals the risk-free rate. To prevent arbitrage opportunities, the first part 

is as follows: 

 

y
1
2𝜎

>[𝑋(𝑇)]>	𝐹′′(𝑋, 𝑡) + �𝛼 −
𝜇?𝑝𝜎
𝜎?

� [𝑋(𝑇)]	𝐹′(𝑋, 𝑡){ 𝑑𝑡 = 𝑟 y𝐹(𝑋, 𝑡) −
𝑝𝜎
𝜎?

𝐹′(𝑋, 𝑡)𝑋(𝑡){ 𝑑𝑡 

Thus, 
1
2𝜎

>[𝑋(𝑇)]>	𝐹@@(𝑋, 𝑡) + �𝛼 −
𝜇?𝑝𝜎
𝜎?

� [𝑋(𝑇)]	𝐹@(𝑋, 𝑡) − 𝑟 y𝐹(𝑋, 𝑡) −
𝑝𝜎
𝜎?

𝐹′(𝑋, 𝑡)𝑋(𝑡){ = 0 

1
2𝜎

>[𝑋(𝑇)]>	𝐹@@(𝑋, 𝑡) + ��𝛼 −
𝜇?𝑝𝜎
𝜎?

� − 𝑟
𝑝𝜎
𝜎?
� 𝑋(𝑡)	𝐹@(𝑋, 𝑡) − 𝑟𝐹(𝑋, 𝑡) = 0 

In case we would like to better arrange the content into the square bracket the  

𝛼 −
𝜇?𝑝𝜎 − 𝑟𝑝𝜎

𝜎?
= 𝛼 −

(𝜇? − 𝑟)𝑝𝜎
𝜎?

= 𝛼 − 𝜆𝑝𝜎 

Finally, the value of the investment option should resemble this equation () which is a second-

order linear differential equation: 
1
2𝜎

>[𝑋(𝑇)]>	𝐹@@(𝑋, 𝑡) + (𝛼 − 𝜆𝑝𝜎)𝑋(𝑡)	𝐹@(𝑋, 𝑡) − 𝑟𝐹(𝑋, 𝑡) = 0 

The solution of the equation follows the expression of the power function 𝐴𝑋3	 and 𝛽	is the 

solving equation:  
1
2𝜎

$𝛽	(𝛽 − 1) + (𝛼 − 𝜆𝑝𝜎)𝛽 − 𝑟 = 0															
1
2𝜎

2𝛽2 − 𝛽 L
1
2𝜎

2 − (𝛼 − 𝜆𝑝𝜎)M− 𝑟 = 0 

Which has two roots solutions: 𝑎𝑥2 + 𝑏𝑥 + 𝑐 = 0 

The delta is Δ = �	A
>
𝜎> − (𝛼 − 𝜆𝑝𝜎)�

>
− 4�A

>
𝜎>� (−𝑟) = �	A

>
𝜎> − (𝛼 − 𝜆𝑝𝜎)�

>
+ 2𝜎>𝑟 and calculate also 

*
+!
= ,

+!
LM,-− (𝛼 − 𝜆𝑝𝜎)Q

-
+ 2𝜎-𝑟 = L ,

+" M
,
-
− (𝛼 − 𝜆𝑝𝜎)Q

-
+ ,

+"
2𝜎-𝑟 = L ,

+" M
,
-
− (𝛼 − 𝜆𝑝𝜎)Q

-
+ -.

+!
=

LM,/-(1/23+)-+! Q
-
+ -.

+!
. So x", 𝑥$ =

4#$+
$5(657*+)8

	
±√;

$#$+
$	

=
#
$+

$5(657*+)±√;

+$	
 

The final solution to differential equation is: 
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𝛽𝑥A, 𝑥> =
1
2 −

(𝛼 − 𝜆𝑝𝜎) 𝜎>⁄ ± ��
1
2 −

(𝛼 − 𝜆𝑝𝜎) 𝜎>⁄ �
>

+ 2𝑟 𝜎>⁄  

However, only the posiQve root is considered in [4], as it solves 𝐴𝑋3B2 . 

 

[5] Proof: Suppose	𝑇 = 𝜏 the Qme when the project reaches the opQmal invesQng trigger 𝑋∗ 

for an iniQal value 𝑋-	 . ImplemenQng the Theorem 5.3 from Karlin and Taylor which states:  

Theorem: “Let 𝑋(𝑡)  be a Brownian moQon with a posiQve dri}, 𝑥  the component of the 

process, and	𝑧 the desired level the process reaches. Let also 𝑧 > 𝑋(0) = 𝑥 and be given, so 

let 𝑇~ be the first Qme the process reaches the 𝑧	desired level”. The 𝑇~ has a probability density 

funcQon: 

𝑓(𝑥, 𝑡, 𝑧) = (~*Z)
7√29$%

exp[− (~*Z*|$)&

27&$
],								𝑡 > 0	  

For us, the distance 𝑧 − 𝑥 = 𝑋 so that 𝑋 = ln(𝑋∗/𝑋-), while the dri} is 𝜇 = 𝛼 − 7&

2
. The 𝑇~ is 

marked as Φ(𝜏), the probability density funcQon can be rewriHen as: 

Φ(𝜏) = AB(&"/&∗)
7√29'%

exp |− /
27&'

wln(𝑋-/𝑋∗) − r𝛼 −
7&

2
s 𝜏x

2
} , 𝑜𝑟		  

Φ(𝜏) = &
7√29'%

exp |− /
27&'

w𝑋 − r𝛼 − 7&

2
s 𝜏x

2
}  

 

Therea}er, by adopQng the Laplace transform ℒ{𝑓(𝑡)	} = 𝐹(Θ) , then 𝐹(Θ) =

∫ 𝑒*:'@
- 𝑓(𝑡)𝑑𝑡, and the input funcQon is Φ(𝜏), the expectaQon operaQon is: 

𝐸(𝑒*�') = ∫ 𝑒*:'Φ(𝜏)𝑑𝑇 = exp{	 − [o(𝜇2 + 2𝜎2𝜃@
- − 𝜇]	(X)/𝜎2		} because 

𝐹(Θ) = ß 𝑒*:'Φ(𝜏)
@

-
𝑑𝑡 = ß 	

@

-

𝑋
𝜎√2𝜋𝜏R

𝑒*:'𝑒*
/

27&'[&*(|)']
&	𝑑𝑡

= ß 	
@

-

𝑋
𝜎√2𝜋𝜏R

𝑒*:'*
[&*(|)']&
27&' 𝑑𝑡 ≅ 	 𝑒

*��(|&.27&:*|�&
7&  

 

[6] DefiniQon: Based on the output from Laplace, the expected Qme to exercise the investment 

can be found as 

	𝐸(𝜏) = ß 𝑇Φ(𝜏)𝑑𝑇 = − lim
�→-

	
𝜕𝐸(𝑒*�')

𝜕Θ =
𝑋
𝜇

@

-
=
ln(𝑋∗/𝑋-)

�𝛼 − 𝜎
2

2 �
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APPENDIX 2 

 

[1] The value of a bond if default is a possibility will be the face value 𝐹 times the probability 

of recovery (1 − 𝑃𝐷) and adding the residual amount of the loss once the default occurs.  

 

𝐸[𝐷N] = 𝐹(1 − 𝑃𝐷) + 𝑃𝐷	 × 	𝐸[𝑅|𝑑𝑒𝑓𝑎𝑢𝑙𝑡] = 𝐹(1 − 𝑃𝐷) + 𝑃𝐷	(𝐹 − 𝐸[𝐿𝑜𝑠𝑠|𝐷𝑒𝑓𝑎𝑢𝑙𝑡])

= 𝐹 − 𝑃𝑑𝑓𝑡
	 × 𝐿𝐺𝐷 

 

[2] Proof: The WACC can be written as a function of cost of asset 𝑘'. 

 

𝑘'
(5
(6
+ 𝑘)

*+
(6
= 𝑘,

,
(6
+ 𝑘)

+
(6

                          𝑘'
(6-*+
(6

= 𝑘,
,
(6
+ 𝑘)(1 − 𝑡)

+
(6

 

 

𝑘C
𝐸
𝑉D
+ 𝑘E(1 − 𝑡)

𝐷
𝑉D
= 𝑊𝐴𝐶𝐶													𝑡ℎ𝑢𝑠, 𝑡ℎ𝑒	𝑐𝑜𝑠𝑡	𝑜𝑓	𝑐𝑎𝑝𝑖𝑡𝑎𝑙	𝑖𝑠															𝑊𝐴𝐶𝐶 = 𝑘F �1 − 𝑡

𝐷
𝑉D
� 

 

 

APPENDIX 3 

 
Note 3.a: Units of Porsche’s deliveries divided by geographical areas, and related table of growths. Not all 
geographical areas have the same growth, USA and Europe will remain in a leading position, but the Asia Giants 
will probability outpace the Western.  
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Note 3.b: Annual reports for Porsche AG. 

Income Statement of Porsche AG 
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Note 3.c: Operative expenses for Porsche AG. The operating expenses are valued considering fixed and 

variable outflows.  
 

 

 

Note 3.d. Sensitivity Analysis 

 

 

 

 

Note 3.e: Peer evaluation 
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Note 3.f: Porsche Capital Budgeting with uncertainty  
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Note 3.g: Pro Forma Ionity Income Statement  
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Note 3.h: Cost of capital of intangibles  
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PYTHON CODES 
 
Note 3.i: Python Code for Optimal Portfolio of assets 
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Note 3.l: Python Code for GARCH (1,1) 
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Note 3.m: Python Code for Implied Volatility with BSM 
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