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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.

I"R'«%.(2G'9%t'

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, lonity 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 lonity (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 lonity’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 “fo 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)!

143



144






References

Further materials are uploaded online —

https://github.com/Mattesjdd/Dissertation-contents.git

or

https://drive.google.com/drive/folders/1i6NBSs joAM|TIKRO21tZQDbjB71Uhyc?usp=share |
ink

NO PASSCODE NEED! Free access

Agnes Cheng, C. S, Kite, D., & Radtke, R. (1994). The applicability and usage of NPV and IRR

capital budgeting techniques. Managerial Finance, 20(7), 10-36

Baker, H. K., Dutta, S., & Saadi, S. (2011). Management Views on Real Options in Capital
Budgeting. Journal of Applied Finance, 21(1).

Cannella, M. A. R. G. A. R. E. T. (2015). Technical Note on LBO Valuation and

Modeling. Columbia Business School.

Carruth, A., Dickerson, A., & Henley, A. (2000). What do we know about investment under

uncertainty? Journal of Economic Surveys, 14(2). https://doi.org/10.1111/1467-6419.00107

Chi, T., Li, J., Trigeorgis, L. G., & Tsekrekos, A. E. (2019). Real options theory in international
business. In Journal of International Business Studies (Vol. 50, Issue 4).

https://doi.org/10.1057/s41267-019-00222-y



https://github.com/Mattesjdd/Dissertation-contents.git
https://drive.google.com/drive/folders/1i6NBSs_joAMjTIKRO21tZQDbjB71Uhyc?usp=share_link
https://drive.google.com/drive/folders/1i6NBSs_joAMjTIKRO21tZQDbjB71Uhyc?usp=share_link
https://doi.org/10.1111/1467-6419.00107
https://doi.org/10.1057/s41267-019-00222-y

Courtney, H. (2003). Decision-driven scenarios for assessing four levels of uncertainty.

Strategy & Leadership, 31(1), 14-22. https://doi.org/10.1108/10878570310455015

Dixit, A. K., & Pindyck, R. S. (2012). Investment under uncertainty. In Investment under

Uncertainty. https://doi.org/10.2307/2329279

Dreyer, B., & Grgnhaug, K. (2004). Uncertainty, flexibility, and sustained competitive
advantage. Journal of Business Research, 57(5), 484—494. https://doi.org/10.1016/S0148-

2963(02)00315-6

Driouchi, T., & Bennett, D. J. (2012). Real Options in Management and Organizational
Strategy: A Review of Decision-making and Performance Implications. International Journal

of Management Reviews, 14(1), 39-62. https://doi.org/10.1111/j.1468-2370.2011.00304.x

Fama, E. F,, Fisher, L., Jensen, M. C., & Roll, R. (1969). The Adjustment of Stock Prices to New

Information. In Review (Vol. 10, Issue 1).

Friedman, M., & Savage, L. J. (1952). The Expected-Utility Hypothesis and the Measurability
of Utility. In Source: Journal of Political Economy (Vol. 60, Issue 6).

https://about.jstor.org/terms

Harris, R. S., & Pringle, J. J. (1985). Risk-adjusted discount rates-extensions from the average-

risk case. Journal of Financial Research, 8(3), 237-244.

Haque, M. A., Topal, E., & Lilford, E. (2017). Evaluation of a mining project under the joint
effect of commodity price and exchange rate uncertainties using real options valuation.

Engineering Economist, 62(3). https://doi.org/10.1080/0013791X.2016.1217366

Vi


https://doi.org/10.1108/10878570310455015
https://doi.org/10.2307/2329279
https://doi.org/10.1016/S0148-2963(02)00315-6
https://doi.org/10.1016/S0148-2963(02)00315-6
https://doi.org/10.1111/j.1468-2370.2011.00304.x
https://doi.org/10.1080/0013791X.2016.1217366

Ipsmiller, E., Brouthers, K. D., & Dikova, D. (2019). 25 Years of Real Option Empirical Research
in Management. European Management Review, 16(1).

https://doi.org/10.1111/emre.12324

JOAO CARLOS DA ROCHA E CUNHA MONTEIRO. (2013). Managerial flexibility and
competitive interaction in investment decisions: A discrete-time agency theoretic

perspective.

Johnathan Mun (2002) Real Options Analysis: Tools and techniques for valuing Strategic

Investment and Decisions. Wiley

Kengatharan, L. (2016). Capital Budgeting Theory and Practice: A Review and Agenda for
Future Research. Applied Economics and Finance, 3(2).

https://doi.org/10.11114/aefv3i2.1261

Knight, F. H., & Kelley, A. M. (1921). RISK, UNCERTAINTY AND PROFIT REPRINTS OF
ECONOMIC CLASSICS.

Knight Frank. (2023). The Wealth Report.

Larcker, D. F. (1981). The perceived importance of selected information characteristics for

strategic capital budgeting decisions. Accounting Review, 519-538

Leroy, S. F., & Singell, L. D. (1987). Knight on Risk and Uncertainty. In Source: Journal of

Political Economy (Vol. 95, Issue 2). https://www.jstor.org/stable/1832078

Luehrman, T. A. (1998). Strategy as a portfolio of real options. Harvard Business Review, 89—

99.

Lund, D. (2005). How to analyze the investment-uncertainty relationship in real option

models? Review of Financial Economics, 14(3—4). https://doi.org/10.1016/j.rfe.2004.10.001

vii


https://doi.org/10.1111/emre.12324
https://doi.org/10.11114/aef.v3i2.1261
https://www.jstor.org/stable/1832078
https://doi.org/10.1016/j.rfe.2004.10.001

Miles, J. A., & Ezzell, J. R. (1980). The weighted average cost of capital, perfect capital
markets, and project life: a clarification. Journal of financial and quantitative analysis, 15(3),

719-730.

Miller, K. D., & Waller, H. G. (2003). Scenarios, real options and integrated risk management.

Long Range Planning, 36(1), 93-107. https://doi.org/10.1016/5S0024-6301(02)00205-4

Miller, K. D., & Shapira, Z. (2004). An empirical test of heuristics and biases affecting real

option valuation. Strategic Management Journal, 25(3), 269-284

Mikael Sahlin Olesen (2009), Real Option and Private Equity Valuation. Copenhagen business

school, Handelschgjskolen.

Moretto, M., & Cappuccio, N. (2005). Comments on the Investment-Uncertainty Relationship
in a Real Option Model. SSRN Electronic Journal. https://doi.org/10.2139/ssrn.277550

Mukherjee, T. K., & Henderson, G. V. (1987). The capital budgeting process: theory and
practice. Interfaces, 17(2), 78-90.

Nakamura, T. (1998). Risk-aversion and the uncertainty-investment relationship: a note.

Nguyen, M. H., & Trinh, V. Q. (2023). U.K. economic policy uncertainty and innovation

activities: A firm-level analysis. Journal of Economics and Business, 123.

https://doi.org/10.1016/j.jeconbus.2022.106093

Peterson, P. P., & F. F. J. (2002). Capital budgeting: theory and practice. John Wiley & Sons,
Vol. 10, 5-10.

Pettit, J., & Stewart, S. (1998). Applications in Real Options and Value-based Strategy.

viii


https://doi.org/10.1016/S0024-6301(02)00205-4
https://doi.org/10.2139/ssrn.277550
https://doi.org/10.1016/j.jeconbus.2022.106093

Sarkar, S. (2000). On the investment uncertainty relationship in a real options model.

Schoemaker, P. J. H. (1980). Experiments on Decisions under Risk: The Expected Utility
Hypothesis. In Experiments on Decisions under Risk: The Expected Utility Hypothesis.
https://doi.org/10.1007/978-94-017-5040-0

Sinikka Niskanen. (2022). Exploiting Real Options And Monte Carlo Simulation In Capital

Investment Analysis.

Smit, H. T. J., & Trigeorgis, L. (2017). Strategic NPV: Real Options and Strategic Games under
Different Information Structures. Strategic Management Journal, 38(13).

https://doi.org/10.1002/smj.2665

Shibata, T., & Nishihara, M. (2015). Investment timing, debt structure, and financing

constraints. European Journal of Operational Research, 241(2), 513-526.

Solnik, B., Boucrelle, C., & Le, Y. (1996). International Market Correlation and Volatility. In Fur

Source: Financial Analysts Journal (Vol. 52, Issue 5).

Pro, M. C. Technical Note on LBO Valuation (B): The Equity Cash Flow Method of Valuation
Using CAPM SWOT Analysis.

Rosenbaum, J., & Pearl, J. (2021). Investment banking: valuation, LBOs, M&A, and IPOs. John
Wiley & Sons.

Trigeorgis, L., & R. J. J. (2017). Real options theory in strategic management. Strategic
Management Journal,38(1), 42-63.


https://doi.org/10.1007/978-94-017-5040-0
https://doi.org/10.1002/smj.2665

Trigeorgis, L. G. (1986). An Options Approach to Strategic Capital Budgeting (flexibility).
Harvard University, 26—29.

Wong, K. P. (2007). The effect of uncertainty on investment timing in a real options model.
Journal of Economic Dynamics and Control, 31(7), 2152-2167.
https://doi.org/10.1016/j.jedc.2006.07.002

Databases Used

Damodaran

https://pages.stern.nyu.edu/~adamodar/New Home Page/datacurrent.html

MarketLine.com*

LSEG Data & Analytics (ex-Refinitiv)*
Orbis M&A transactions*

OECD data

Newsroom.porsche.com
Royaltyrange.com

RoyaltyStat.com

*The licensing for the use of these databases is provided by Luiss Guido Carli


https://doi.org/10.1016/j.jedc.2006.07.002
https://pages.stern.nyu.edu/~adamodar/New_Home_Page/datacurrent.html

Xi



List of Appendices

Appendix 1

[1] Definition: A stream of cash flows follow a GBM, so that:
dX; =aX,dt+ oX,dZ, where a is the mean change in X per unit time (or drift),

while o is the standard deviation, dZ is the random increment of the Wiener process. Thus,

dZ ~ g,\/dt and £,.~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) = maxE[(X; — ) exp(—rs) ds]. The project
TES

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:

AP, (t) = U Pr(t) dt + 0, P, (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 u,,, and o, are the drift rate and standard deviation, respectively, for P, (t) which enters the
model [2] as a risk measure with parameter A. In particular, A is the extra return over the risk-

Hm—Tfree

free rate over market volatility: A = . The risk measure parameter is located in

Om

expression [2] inside the discount rate, because 7 = 75, + Apo.
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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 It6 process. By recalling that dZ = pdB + \/1—7;92 dZ, by substituting
into [1], then the Brownian motion becomes:

dX; = aX, dt + poX,dB; + /1 —p? 0X,dZ,. This equation can be summed up as dX; =
X; [adt + o* (det + \/sz dZ t)], where the generic standard deviation is market by o*

so that the correlation parameter p might be broken down as:

p= Im ,(O'X)ZZO'rzn-l-O'ZZ.
/a,zn+ozz
The components 0, and g, measure the exposure of the underlying toward systematic and

idiosyncratic risk, respectively.

[4] Proof: The investment option satisfies the following differential equation (derived with It6’s

Lemma):

palX(T)] dB(t)

1 0°F(X,t) 0F(X,t) O0F(X,t) 0F(X,t)
dF=<§az[X(T)]2Wﬂa)[X(T)] 5+t ) -5

L0 Fa(f(, D T=57 o[x(T)] dZ(6)

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:

(1, , 02F (X, 1) AF(X,t) dFX,t) AF(X,t)
dF—nPM(t)—(Ea XD 7=+ @X (D] — 7=+ —— ) —

palX(T)] dB(t)

dF(X,t)
29X

+ N1 —=p?o[X(T)]dZ(t) — nu,, Py (t)dt — nay, Py (t)dB (t)
Which can be ordinated to:

1 0%F (X, Jd F(X, Jd F(X,
- (EaZ[X(T)]Z TEXD 1 @prery 25224 208D —numPM(t)) at

IF(X,0)
+< aX

S5 PolX ()] - noMPM(t)) ap@ + 258D [T slxmaz(e)

1
= ZPXMP P00 + @XWD]F D = Py (0] de

+ [PoX(OF' (X, t) — n gy Py ()}dB() + F'(X, )y/1 — p2 X (£)dZ(t)
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poX(t)F'(X,t)
OmPm(t)

By substituting n = into the return yield the equation look as:

= {% a?[X(D]* F'(X, 0) + (@[X (D] F'(X, 1) - wﬂm} dt

Om
poX()F'(X,t)

+ {pO'X(t)F'(X, t) — FWNO)

0w Py (t)} dB(t) + F' (X, /1 — pZ aX(£)dZ(¢)

Therefore,

- {%GZ[X(T)] F'(X,t) + (a - %) [X(T)] F'(X, t)}dt +F' X, YT = p? oX(D)dZ ()

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:

{%UZ[X(T)] F'(X,t) + (a - %) [X(T)] F'(X, t)} r{F(X, £) Z—GF’(X, t)X(t)}dt

m m

Thus,

STXMP (X ) + (a s ’;: )[X(T)] F/(X,t) — r{F(X £) - F x, t)X(t)}

g g
“’;p ) - ri—]X(t) F'(X,t) —rF(X,t) =0

S [X(T)? F'(X, t) + [(a .

In case we would like to better arrange the content into the square bracket the

_Hmpo—rpo _  (m —1)PO

=a— Apo
O-m O-m

Finally, the value of the investment option should resemble this equation () which is a second-
order linear differential equation:

=a?[X(DPF"X,t) + (a — Wpa)X(t) F'(X,t) —rF(X,t) =0

The solution of the equation follows the expression of the power function AX? and f8 is the
solving equation:

%Jzﬂ(ﬁ—1)+(a’—/1pa)ﬁ—r=0 Zﬁ ,8[ 0% — (a - Apa)] —0

Which has two roots solutions: ax? + bx + ¢ =0

Th i (1.2 2 1 2 |1 .2 2 2
e delta |sA_[Ea —(a—/lpa)] —4(50 )(—r)—[ga —(a—/lpo)] + 20%r and calculate also

A 2 2 2
;=%\/E—((x—/1pa)] +202r=\/$[%—(a—)tpa)] +%202r=\/%[%—(a—lpa)] + 2=

1
1-2@-Mp)|? | 2r  (30*-@-200)) +VE 152 (a-2po)+VE
[ Py ] +5 SO Xq, Xy = s = pes
2

The final solution to differential equation is:
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2

ﬁxl,xz:%—(a—/lpa)/azi\/E—(a—lpa)/az + 2r/a?

However, only the positive root is considered in [4], as it solves AXBx1

[5] Proof: Suppose T = 1 the time when the project reaches the optimal investing trigger X*
for an initial value X,,. Implementing the Theorem 5.3 from Karlin and Taylor which states:

Theorem: “Let X(t) be a Brownian motion with a positive drift, 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 time the process reaches the z desired level”. The T, has a probability density

function:

— o 2
flx, t,z) = ) exp[—w], t>0

ovV2mt3 202t
2
For us, the distance z — x = X so that X = In(X*/X,), while the driftisu = a — % The T, is

marked as ®(7), the probability density function can be rewritten as:

In(Xe/X*)
o) = 2 exp -

1
2021

[ln(XO/X*) — (a — 072) T]Z},or

o) =~ ewpf- 2 [x - (a-Z) ] ]

Thereafter, by adopting the Laplace transform L{f(t)}=F(0©) , then F(0) =

fooo e~9% f(t)dt, and the input function is ®(7), the expectation operation is:

B(e%) = [ e @@l = exp{ — [\/G + 2070 — ] (X)/0” } because
X
o2
g X=wrl? ‘[\szazé’—u]x

202t dt= e

1
e—QTe_ZO.ZT[X_(M)T]Z dt

F(©) = fooe_GT(D(T) dt = foo

*® X
= — ¢
.fo oV2nt3

[6] Definition: Based on the output from Laplace, the expected time to exercise the investment
can be found as

dE(e™®") X _In(X"/X,)

E(r) = fo ro@ar = jig o2 =2 (a_a_z)
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[D;] = F(1 — PD) + PD X E[R|default] = F(1 — PD) + PD (F — E[Loss|Default])
=F— Pdft X LGD

[2] Proof: The WACC can be written as a function of cost of asset k.

Yy v_ . E D Yozt _ o E -n2
ka VL+deL—kEVL+deL ky _kEVL+kd(1 t)VL

E D D
kg —+ks(1—t)—=WACC thus, the cost of capital is WACC =k, (1 — t—)

VL VL VL
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.

Deliveries (in units) 2018 2019 2020 2021 2022 2023F
Worldwide 256,255 280,800 272,162 301,915 309,884 323,629
Europe 77,216 88,975 80,892 86,160 92,197 102,075
Germany 27,541 31,618 26,629 28,565 29,512 33,085
Americas 70,461 75,367 69,629 79,166 79,260 85,983
USA 52,202 61,568 57,294 70,025 70,049 71,729

Asia, Africa and

Middle East 108,578 116,458 121,641 131,098 138,427 135,572
China 80,108 86,752 88,968 95,671 93,286 80,997
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2019 2020 2021 2022 2023F Growth
Worldwide 9.58% -3.08% 10.93% 2.64% 4.44% 4.78%
Europe 15.23% -9.08% 6.51% 7.01% 10.71% 5.74%
Germany 14.80% -15.78% 7.27% 3.32% 12.11% 3.74%
Americas 6.96% -761% 13.70% 0.12% 8.48% 4.06%
USA 17.94% -6.94% 22.22% 0.03% 2.40% 6.56%
Asia, Africa and
Middle East 7.26% 4.45% 7.77% 5.59% -2.06% 4.54%
China 8.29% 2.55% 753%  -249% -13.17% 0.22%
Note 3.b: Annual reports for Porsche AG.
Income Statement of Porsche AG
In millions 2018 2019 2020 2021 2022
Salesrevenues 25,784 28,518 28,695 33,138 37,630
11% 1% 15% 14%
Cost of sales (18,629) (21,256) (21,155) (24,281)  (26,871)
Gross profit 4 7,155 7,262 7,540 8,857 10,759
Distribution expenses (1,901) (2,044) (1,881) (2,111) (2,353)
Administrative expenses (1,103) (1,029) (1,255) (1,426) (1,655)
Other operatingincome 813 846 953 1,079 1,894
Other operating expenses (675) (1,173) (1,180) (1,085) (1,662)
Operating profit 4,289 3,862 4,177 5,314 6,983
r 1387 @27)"  (@2279)" 6" 232
Share of profit/loss of equity- 3 (1) (10) (22) (7)
Interest income 408 416 406 421 460
Interest expenses (92) (148) (129) (113) (114)
Other financial result (56) (75) (47) 129 (40)
Financial result 263 192 220 415 299
Profit before tax 4,552 4,054 4,397 5,729 7,282
Income tax (1,253) (1,434) (1,231) (1,691) (2,112)
current (1,268)  (1,427) (998)  (1,528) (1,927)
deferred 15 (7) (233) (163) (185)
Profit after tax 2,801 3,118 3,166 r 4,038 5,170
Average taxation 27.5% 35.4% 28.0% 29.5% 29.0%
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Consolidated Balance sheet @udited in accordance with IFRS ) of Porsche AG

In millions 2018 2019 2020 2021 2022
Asset side
Intangible assets 4,929 5,085 5,437 6,190 7,473
Propery, plan and equipement 6,928 8,624 8,695 8,763 8,924
leased assets 3,776 3,829 3,614 3,954 3,854
equity-accounted investments 368 298 167 573 623
other equity investments 98 146 217 313 636
financial services reveivables 1,656 1,841 2,414 3,461 4,382
other financial assets 8,398 8,350 8,870 8,596 753
other receivables 125 179 164 113 100
deferred tax assets 730 1,355 817 867 742
Non-currrent assets 27,008 29,707 30,395 32,830 27,487
Inventories 3,889 4,013 4,108 4,517 5,504
trade receivables 759 842 1,081 1,199 1,290
financial services receivables 730 842 1,122 1,081 1,538
other financial assets 2,292 2,415 2,761 5,353 5,493
other receivables (note 4) 468 490 606 579 728
tax receivables 81 95 163 155 87
securities 297 451 755 982 1,827
cash, cash equivalents and time deposits 2,635 3,511 4,500 4,686 3,719
Current assets 11,151 12,659 15,096 18,552 20,186
Total assets 38,159 42,366 45,491 51,382 47,673
Libilities side
Subscipted capital 45 45 44 45 911
capital reserves 11,453 12,726 13,754 14,225 3822
retained earnings 4,876 4,991 6,302 9,146 12,387
other reserves 97 - 339 118 - 489 - 101
equity before non controlling interests 16,471 17,423 20,219 22,927 17,019
non controlling interests 6 5 5 8 8
Equity 16,477 17,428 20,224 22,935 17,027
Provisions for pensions and similar obligations 3,792 5,438 5,932 5,525 3,668
other provisions 778 996 939 1,184 1,138
Deferred tax liabilities 650 681 685 782 1,605
Financial liabilities 3,644 5,375 5,668 6,599 6,016
Other financial liabilities 399 657 285 633 872
other liabilities 402 492 473 645 734
Non-current liabilities 9,665 13,639 13,982 15,368 14,033
Provisions for taxes 96 129 111 126 167
other provisions 1,951 2,118 1,849 2,189 2,812
financial liabilities 2,215 2,239 2,657 3,128 3,464
trade payable 3,134 2,582 2,335 2,447 2,899
other financial liabilities 3,441 3,082 2,959 3,638 5,299
other liabilities 1,087 1,077 1,331 1,486 1,908
tax payable 93 72 43 65 64
Current liabilities 12,017 11,299 11,285 13,079 16,613
Liabilities & Equity 38,159 42,366 45,491 51,382 47,673

XViii



Note 3.c: Operative expenses for Porsche AG. The operating expenses are valued considering fixed and

variable outflows.

In thousands

2,019 2,020 2,021 2,022
Distribution expenses (1,901,000) (1,881,000) (2,111,000) (2,353,000)
Sales Group 25,784,000 28,695,000 33,138,000 35,126,280
Sales automotive 21,916,400 24,390,750 27,183,000 31,692,000
Sales automotive % Group 85% 85% 85% 85%
Number of units sold (000) 281 265 302 310
Change in distrubution expenses (20,000) 230,000 242,000
(16) 37 8
VAR (335,443) (549,987) (776,377)
1% Inflation FIXED (1,545,557) (1,561,013) (1,576,623)
Change in variable costs 64% 41%
Variable cost per
1000 units (1,266) (1,822) (2,505)
Delta Ctu (7,098) (6,992) (7,593)
Fixed cost per
1000 unit (5,832) (5,170) (5,088)
(1,881,000) (2,111,000) (2,353,000)
Distrib. Expenses/Sales automotive 7.7% 7.8% 7.4%
Administrative expenses (1,103,000) (1,095,000) (1,426,000) (1,655,000)
Adm./Sales (%) 43% 3.8% 43% 4.7%
Other operating expenses (675,000) (897,000) (1,085,000) (1,662,000)
Operating/sales Group (%) 2.62% 3.13% 3.27% 4.73%
General and amministrative costs (1,095,000) (1,426,000) (1,655,000)
Selling costs (1,881,000) (2,111,000) (2,353,000)
of which variable (335,443) (549,987) (776,377)
Total SGRA (2,976,000) (3,537,000) (4,008,000)
Note 3.d. Sensitivity Analysis
Case for2027F Average Price per charge

€ 520 € 520 € 535 € 550 € 565 € 580 € 595

3.7 185 190 196 201 207 212

0
o

S

€

£

B

3 47 235 242 249 256 263 270 277
S 5.7 286 294 303 311 320 328 337
% 6.7 336 346 356 366 376 386 396
£ 7.7 387 398 410 421 433 444 456
S 8.7 437 450 463 476 489 502 515
3 9.7 488 502 517 531 546 560 575
E 107

Z 1z

127

Note 3.e: Peer evaluation
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Note 3.f: Porsche Capital Budgeting with uncertainty

YYEBT

(1)

788'S

(£90'z)

62561

(€0£ZS)

SETTI

TETU

Pazjew.oN 0€0Z

6V6'LT

L6272

(z0)

95L's

(S16'9)

60T'6T

LSY'TT

(895'TS)

(¥09'09)

%S8
%S8

L1665

1zL'oL

9oL

7908

0€0Z

606'9T

vLL6T

(£°0)

vTv's

(€€¥'9)

8T6LT

€8L07

(95€'8Y)

(980/95)

%58
%S8

79195

¥Ov's9

vL2'99

698'9L

6207

6E6'ST

8SEBT

(9°0)

¥IT's

(586'S)

01891

62261

(99¢'sy)

(€68'1S)

%S8
%S8

89975

TLY09

9129

[449 74

8707

YEO'ST

EVO'LT

(9°0)

L1444

(895's)

8LLST

L8LLT

(o85'ZY)

(zoo'sy)

%58
%S8

9Tv'6V

968'SS

6SE'BS

68459

(144

88TVT

(9°0)

€55V

(181'S)

918%T

0S¥'91T

(v86'6€)

(€6€EVY)

%S8
%58

SBE9Y

SS9TS

008'vS

EV8'09

970T

L6E'ET

8891

(s0)

667

(ozg'v)

6I6'ET

01Z'sT

(z95'L€)

(9v0'TY)

%S8
%S8

09S'EV

€LY

I8Y1S

S5295

15971

9€9'ET

(5°0)

090y

(v8¥'Y)

T80'ET

090%T

(zog's€)

(zv6'LE)

%58 —

%58 —

vze'or ~
\\

080Ty “

€8E'BY ~
~

20075 &

v20Z

vawusa3

19N (sasuadxa)
awoou) Supesado JaYi0

3uppe vza

Jau) sasuadxa anessjujwpe

$900

aNowWoIND S S

saps dnoso

XXii



08s‘y

109°L

(434
LL9

(evtoT)
9SL'S

Nyl

6£8'0T
Tov'zt £61'2T
Zvs'sT
788's) (952°s)

%9T

vSE'y

£869

1194
8¢9

(t156)
vey's

IndL

6€0'8

Sv0°0T

SSY'TT

6VEVT

(vev's)

%9T

13497

8119

vLE
78S

(€z6'8)
vIT'S

Nyl

LLS'L

0LT'6

52801

EVTET

(pTT's)

%9T

vv6'E

068‘s

143

ovs

(sLg8)
1437

Nyl

9YT'L

€55°8

60201

8TZ'ZT

(sz8'v)

%9T

vee

00Ss

(v98°2)
€55y

InyL

vyL9

888°L

SE9'6

89Z'TT

(€ss'v)

%9T

r4:103

66y

(40}
€9

(88€°£)
667V

Nyl

69€9

UL

8606

68€°0T

(662'v)

%9T

950°€

(4397

(6£)
118

(ev6'9)
090t

InyL

8109

€049

L65'8

9L56

(090'v)

%9T

w1y 9Y3 0} MOj} ysed 33l

YoM a8uey) (-)

saimyipuadxe eyde) (-)
] "Ju1) syuawiaisnipe ysea-uon (+)

i 1VdON

li93

vea

(28eaane) uiSiew yaugl




Pro Forma lonity Income Statement
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Data in thousands 4% 2.50%
1 2 3 4 5 6 7 8 9 10
2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2032N/
EBITDA 4,060 21,637 55,860 132,757 238,067 383,194 575,897 837,008 870,582 905,406 858,026
Depreciation & (37,899) (47,292)  (37,389) (49,313) (61,860) (77,294) (99,512) (130,368) (166,703) (218,583) (224,047)
Amortization
Depreciation & 26% 23% 14% 12% 10% 9% 8% 8% 8% 8% |
EBIT (33,839) (25,655) 18,471 83,445 176,207 305,900 476,384 706,730 703,879 686,823 703,993
Cash Interest Expenses
Revolving Credit (198) (597) (938) (1,191) (1,305) (1,060) (288) 0 0 0 0
Term Loan B (10,000)  (10,000)  (10,000) (10,000) (10,000) (10,000) (10,000) (10,000) 0 0 0
Existing Debt
Senior Notes (8,000)  (8,000) (8,000) (8,000) (8,000) (8,000) (8,000) (8,000) (8,000) (8,000) 0
(18,198)  (18,597)  (18,938) (19,191) (19,305) (19,060) (18,288) (18,000) (8,000) (8,000) 0
Interest Expense
Eaming Before'  (52,037)  (44,252) (467) 64,254 156,902 286,841 458,096 688,730 695,879 678,823 703,993
% Income tax (exp 15,611 13,276 140 (19,276) (47,071) (86,052)  (137,429)  (206,619)  (208,764) (203,647)  (211,198)
Net Income (29,244)  (23,646) 7,048 52,183 116,557 206,594 324,963 489,211 487,216 475,276 492,795
Netincome mai -20% 1% 3% 12% 20% 25% 27% 29% 28% 26% 26%
Accoumulated
- 75% 5,286 39,137 87,417 154,946 243,722 366,908 365,412 356,457 369,597
Net Income Retained
Note 3.h: Cost of capital of intangibles
Cost of capital of
Fair Value Weight intangible
Data in millions (Eur)
Intangible Asset 7,473 28% 15.53%
Tangible Assets 12,778 47% 4.81%
Financial assets 6,394 24% 9.70%
NWC 3,995 15% 3.07%
Funds (3,719) 14% 2.48%
Net Invested Capital 26,921 100% 9.7%
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PYTHON CODES

Note 3.i: Python Code for Optimal Portfolio of assets

import yfinance as yf

import pandas as

import numpy as np

import matplotlib.pyplot as plt
from pylab import rcParams

from datetime import date

from scipy.optimize import minimize

from matplotlib import cm

from matplotlib, ticker import :
from mpl_toolkits.mplot3d import Axes3D

Python
# Settings for data download
start_date = "2019-09-01" # Start date for the download
end_date = date.today().strftime("%Y—%m-%d")

Python
tickers = "BMW.DE RACE.MI MBG.DE MC.PA VOW.DE EL MONC.MI RMS.PA TSLA"
asset_list = tickers.split()
print(asset_list)
portfolio = yf.download(tickers, start=start_date, end=end_date)
portfolio.head()

Python
portfolio = portfolio["Close"]
portfolio.head()

Python
ret = (portfolio-portfolio.shift(1))/portfolio.shift(1)

#the return is (the price at time t less the price at time t-1)
ﬂover the price at time t
# the price is pointed out by the portfolio
ret.head()
Python

XXVi



# Compute the absolute retun and the variance for each equity

scarling_factor = 252
mu = ret.mean()xscarling_factor
print(mu)

sigma = ret.cov()xscarling_factor
sigma

Python

weights= np.ones(len(asset_list))*(1/len(asset_list)) #Equaly weighted po
print(weights)

wd = weights

weights = np.reshape(weights, (len(asset_list),1))
mu = np.reshape(mu.to_numpy(), (len(asset_list),1))
sigma=sigma.to_numpy ()

Python

def ptfRet(x,mu):
XT = np.transpose(x)
return xT@mu

def ptfvar(x, sigma):
xT = np.transpose(x)
return xT@(sigma@x)

# x are the weights, mu the expected return, sigma the volatility

def plot_weights(weights):
X = np.arange(len(asset_list))+1
heights = np.squeeze(weights)
plt.subplots(figsize=(10,4))
plt.bar(x, heights)
plt.xticks(x, asset_list)
plt.title("Portfolio weights")
plt.show()
pass

Python
mud = 0.2
# portfolio_return = mu@, portfolio_return — mu@ = 0
#Markowitz system
linConstraints = ({'type':'eq', 'fun':lambda x : ptfRet(x,mu)-mu@}, {'type':'eq', 'fun':lambda x: np.sum(x) -1})

res = minimize(ptfVar, w@, args=sigma, method='SLSQP', constraints=linConstraints, options={'ftol':(1e-09)})
print(res.x)
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### 6. Plot the efficient Frontier and efficient Portfolio

#No shortsales (NS), Shortsales allowed (S)

muMin_NS = np.min(mu) # min vector of expected return

muMax_NS = np.max(mu) # max vector of expected return

muRange_NS = np.linspace(muMin_NS, muMax_NS, 30) # Build a range of mu values

muMin_S = np.min(mu) # min vector of expected return
muMax_S = ptf3_expret # Portfolio max sharpe ratio
muRange_S = np.linspace(muMin_S, muMax_S, 30) # Build a range of mu values

#Analytic method

ones = np.ones((len(asset_list),1))
onesT = np.transpose(ones)
sigma_inv = np.linalg.inv(sigma)
mu_t = np.transpose(mu)

a = (onesT@sigma_inv)@ones

b = (mu_t@sigma_inv)@mu

¢ = (mu_t@sigma_inv)@ones

ptfVarRangeA = []
for el in muRange_S:
ptfVarRangeA += [(axelxk2-2xckel+b)/ (axb-cxx2)]

#Numerical method (we do this for portfolios in which shortsales are not allowed
ptfvarRangeNS = []
for el in muRange_NS:
bound = (0.0,1.0)
bounds = tuple(bound for asset in range(len(asset_list)))
linConstraintMu = ({'type':'eq', 'fun':lambda x : ptfRet(x,mu)-el}, {'type':'eq', 'fun':lambda x: np.sum(x) - 1})
res = minimize(ptfVar, w@, args=sigma, method='SLSQP', constraints=linConstraintMu, bounds=bounds, options={'ftol':1e-09})
W = res.x
ptfVarRangeNS += [ptfVar(w,sigma)]

muRange = np.vstack(muRange_NS)
ptfVarRangeA = np.vstack(ptfVarRangeA)

prets = []
pvols = []
for p in range(25000):
weights = np.random.random(len(asset_list))
weights /= np.sum(weights)
prets.append(ptfRet(weights,mu) [0])
pvols.append(np.sqrt(ptfvar(weights,sigma))) # variance or volatilty?

prets = np.array(prets)
pvols = np.array(pvols)

rcParams['figure.figsize'l= 10,6

plt.plot(np.sqrt(ptfvarRangeA) ,muRange_S, label="MV with short sales")
plt.plot(np.sqrt(ptfvarRangeNS),muRange_NS, label="MV with no short sales")
plt.plot(ptfl_vol,ptfl_expret, "ko", label= "Target Exp Ret")
plt.plot(ptfl_2vol,ptfl_2expret, "ko")

plt.plot(ptf2_vol,ptf2_expret, "bo", label= "Min Var")
plt.plot(ptf2_2vol,ptf2_2expret, "bo")

plt.plot(ptf3_vol,ptf3_expret, "ro", label= "Max Var")
plt.plot(ptf3_2vol,ptf3_2expret, "ro")

plt.scatter(pvols, prets, c¢ = prets / pvols, marker ="o", cmap = "viridis", label="Random portfolios")
plt.legend(loc="'right")

plt.grid()

plt.title('MV in the $( sigma, mu)$ plane')

plt.ylabel('Expected return $ mus$')

plt.xlabel('Portfolio Std deviation $sigma$')

plt.show()

Note 3.I: Python Code for GARCH (1,1)



#importing packages

import numpy as np

import pandas as

import yfinance as yf

import matplotlib.pyplot as plt
import scipy.optimize as spop

Python

#specifying the sample
ticker = '~VIX!'
start = '2018-12-31"'
end = '2023-12-31'
#downloading data
prices = yf.download(ticker, start, end)['Close']
#calculating returns
returns = np.array(prices)[1:]1/np.array(prices)[:-1] - 1
#starting parameter values — sample mean and variance
mean = np.average(returns)
var = np.std(returns)#*2
def garch_mle(params):
#specifying model parameters
mu = params[0]
omega = params[1]
alpha = params[2]
beta = params[3]
#calculating long-run volatility
long_run = (omega/(1 - alpha - beta))*x(1/2)
#calculating realised and conditional volatility
resid = returns - mu
realised = abs(resid)
conditional = np.zeros(len(returns))
conditional[@] = Tlong_run
for t in range(1,len(returns)):
conditionall[t] = (omega + alphakxresid[t-1]*%2 + betakconditional[t-1]%2)x%*x(1/2)
#calculating log-likelihood
likelihood = 1/((2*np.pi)#**(1/2)*conditional)*np.exp(-realised**2/(2xconditional**2))
log_likelihood = np.sum(np.log(likelihood))
return -log_likelihood
#maximising log-likelihood
res = spop.minimize(garch_mle, [mean, var, @, 0], method='Nelder-Mead')
#retrieving optimal parameters
params = res.x
mu = res.x[0]
omega = res.x[1]
alpha = res.x[2]
beta = res.x[3]

return -log_likelihood

#calculating realised and conditional volatility for optimal parameters
long_run = (omega/(1 - alpha - beta))*x(1/2)
resid = returns - mu
realised = abs(resid)
conditional = np.zeros(len(returns))
conditionall@] = Tlong_run
for t in range(1,len(returns)):
conditionall[t] = (omega + alphaxresid[t-1]1#%2 + betakxconditional[t-11#%2)**(1/2)
#printing optimal parameters
print('GARCH model parameters')
print('")
print('mu '+str(round(mu, 6)))
print('omega '+str(round(omega, 6)))
print('alpha '+str(round(alpha, 4)))
print('beta '+str(round(beta, 4)))
print('long-run volatility '+str(round(long_run, 4)))
print('log-likelihood '+str(round(log_likelihood, 4)))
#visualising the results

plt.title('VIX Volatility Prediction')

plt.legend(['True Daily Log Returns', 'Predicted Volatility'l])
plt.figure(1)

plt.rc('xtick', labelsize = 10)
plt.plot(prices.index[1:],realised)
plt.plot(prices.index[1:],conditional)

plt.show()
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Note 3.m: Python Code for Implied Volatility with BSM

import numpy as np Add Code Cell
import pandas as pd

from scipy.optimize import fsolve
from scipy.stats import norm
import matplotlib as mpl

import matplotlib,pyplot as plt

mpl.rcParams['font.family'] = 'serif'
gmatplotlib inline

Python

# define ingredients for B&S as separate functions:
def N(d):
return norm.cdf(d)

def d1f(St, K, timetomaturity, r, sigma):
‘' Black-Scholes-Merton d1 function.
Parameters see e.g. BSM_call_value function. '''
dl = (np.log(St / K) + (r + 0.5 % sigma sk 2)% timetomaturity) / (sigma * np.sqrt(timetomaturity))
return

# B&S Call and Put value:
def BSM_call_value(St, K, timetomaturity, r, sigma):
''' Calculates Black-Scholes-Merton European call option value.

dl = d1f(St, K, timetomaturity, r, sigma)

d2 = d1 - sigma * np.sqrt(timetomaturity)

call_value = St * N(d1) - np.exp(-r x timetomaturity) * K * N(d2)
return call_value

def BSM_put_value(St, K, timetomaturity, r, sigma):
''' Calculates Black-Scholes-Merton European put option value.

# to compute implied volatility
def impl_vol(IsCall,market_price,St,strike,timetomaturity,r,sigma_estimate):
""" Return implied volatility given option price. '''
if (IsCall):
iv = fsolve(lambda sigm : BSM_call_value(St, strike, timetomaturity, r, sigm) - market_price, sigma_estimate) [0]
else:
iv = fsolve(lambda sigm : BSM_put_value(St, strike, timetomaturity, r, sigm) - market_price, sigma_estimate) [0]

return iv
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# Pricing Data
pdate = pd.Timestamp('30-09-2023")

#
# EURO STOXX 50 index data
#

# URL of data file

es_url = 'http://www.stoxx.com/download/historical_values/hbrbcpe.txt"'

# column names to be used

cols = ['Date', 'SX5P', 'SXSE', 'SXXP', 'SXXE',

'SXXF', 'SXXA', 'DK5F', 'DKXF', 'DEL']

# reading the data with pandas

es = pd.read_csv(es_url, # filename
header=None, # ignore column names
index_col=0, # index column (dates)
parse_dates=True, # parse these dates
dayfirst=True, # format of dates
skiprows=4, # ignore these rows
sep=';"', # data separator
names=cols) # use these column names

# deleting the helper column

del es['DEL']

# the Euro-Stoxx index value on the pricing date

S0 = es['SX5E'] ['30-09-2023"]

# assume this is the (flat) interest rate on that date

int_rate = -0.05

#
# BSM Implied Volatilities
#
def calculate_imp_vols(data):
‘"' Calculate all implied volatilities for the European call options
given the tolerance level for moneyness of the option.'''
data['Imp_Vol'] = 0.0
tol = 0.30 # tolerance for moneyness
for row in data.index:
t = pd.Timestamp(data['Date'] [row])
T = pd.Timestamp(datal'Maturity'] [row])
ttm = (T - t).days / 365.
forward = np.exp(int_rate x ttm) * S0
if (abs(datal'Strike']l[row] - forward) / forward) < tol:
data.loc[row, 'Imp_Vol'l = impl_vol(True,datal['Call'][row],S0,data['Strike'] [row],ttm,int_rate,0.2)
return data

#
# Graphical Output
#
markers = ['.', 'o', '~', 'v', 'x', 'D', 'd', '>', '<']
def plot_imp_vols(data):
‘"' Plot the implied volatilites. '''
maturities = sorted(set(data['Maturity']))
plt.figure(figsize=(10, 12))
for i, mat in enumerate(maturities):
dat = datal(data['Maturity'] == mat) & (data['Imp_Vol'l > 0)]
plt.plot(dat['Strike'].values, dat['Imp_Vol'].values,
'b%s' % markers[i], label=str(mat)[:10])

plt.xlabel('strike")
plt.ylabel('implied volatility"')

options_data=calculate_imp_vols(options_data)
options_data

plot_imp_vols(options_data)
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