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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. 

 

!"R"+<%.(2G'9%.'+ 

 

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.  
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[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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