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Abstract: The simulation-based company valuation values a company on the basis of the risks actually
present in the company without having to derive them from the capital market data. The simulation-
based company valuation takes into account the market imperfections, such as the probability of
insolvency or the lack of diversification, and fulfils the legal requirements and auditing standards for
a company valuation. The simulation-based company valuation is an alternative to the CAPM-based
company valuation, which, under the assumption of perfect capital markets, derives the risks through
capital market comparisons. A simulation-based business valuation has many advantages and is
particularly suitable for valuing medium-sized companies, start-ups, companies in a crisis, and for
integrating country-specific risks into business valuations. Due to the internationally widespread use
of the CAPM, a simulation-based company valuation is still rarely used in practice. This article shows
which valuation formulas are necessary for the application of a simulation-based company valuation.
These are used for both the certainty equivalent method and for the risk premium method. In a
concrete and valuation example, the simulation-based business planning and company valuation is
carried out, and the derived valuation formulas are applied in a way that allows a transfer to concrete
valuation cases in practice. It is shown that the certainty equivalent method and the risk premium
method lead to identical company values.

Keywords: company valuation; simulation; Gordon Growth Model; certainty equivalent; risk premium

1. Introduction

Simulation-based business valuations have been in discussion for some time as an
alternative to the CAPM-based business valuation (see Gleifsner and Ernst 2019 for an
English summary of the research and the literature cited there). The simulation-based
business valuation has the advantage of capturing the company-specific risk position
by means of an unbiased planning (Gleifsner 2021). This makes it possible to derive a
company value that reflects the actual risk situation in the company (Gleifiner 2020). The
simulation-based company valuation is especially suitable for the valuation of medium-
sized companies, start-up companies, companies in a crisis, and for the integration of
country-specific risks in the company valuation. A CAPM-based company valuation, on
the other hand, calculates the risk in a company via the capital market route under the
assumption of perfect capital markets, and is particularly suitable for the valuation of
listed companies. Despite the methodological superiority of the simulation-based company
valuation, it is, still, rarely used in practice and applied to valuation examples.

The value of a company corresponds to the market price only in perfect and complete
capital markets (Shiller 1981; Brennan and Wang 2010); therefore, business valuation
techniques are necessary to assign a value to the future cash flows graded as higher risk.
The Discounted Cash Flow (DCF) method is the most common and important method for
this purpose. The DCF method does not require a utility function. It is based on the ideal
market calculations in a complete (e.g., arbitrage-free) and perfect capital market. This
allows a perfect duplication of the cash flow streams to be valued; however, this approach
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requires that an infinite number of possible future conditions are modelled in order to
obtain a perfect replication of cash flows.

The reason for the high importance of the CAPM in capital market-oriented valuation
theory is that it does not assume completeness of the capital market. Furthermore, the
CAPM provides with the Beta factor a simple risk parameter which is based on the (u,
o)-principle (Dorfleitner and Gleifiner 2018, pp. 4-5). The risk is derived from the historical
fluctuations in stock returns incorporated in the beta factor. Empirical research shows,
however, that neither the realized nor the expected stock returns can be explained by
the beta factor alone (see the critique by Dempsey 2013). Although there are approaches
to explain market imperfections such as bankruptcy costs, transaction costs, asymmetri-
cally distributed information, boundedly rational behavior, and non-diversified portfolios
(Shleifer 2000; Haugen 2002), a closed theory of the imperfect capital market does not yet
exist. Alternatives to the CAPM, such as the well-known three-factor model of Fama and
French (Fama and French 1993) and the five-factor model (Fama and French 2015), are only
of limited use for the company valuation, as they lack a clear theoretical foundation (for
empirical results, see Fama and French 2008; Fama and French 2012). It is important for the
future development of the valuation theory that the mentioned “new” multi-factor models
are no longer limited to evaluating only the capital market data. These models also take into
account the characteristics of the companies to be valued (Zhang 2009; Novy-Marx 2013),
such as profitability (return on equity), growth, or the probability of insolvency (distress
factor), when deriving expected returns and the risk-adjusted discount rates; however, the
specific relevant company characteristics remain to be critically analyzed, such as the risks
associated with the company’s cash flows, which have so far still received little attention in
the field of capital market research.

Due to the increasing imperfections in capital markets and the growing influence of
risk management in companies, some valuation approaches have burgeoned in the recent
years that, on the one hand, derive the risk scope of companies through risk analysis, and
on the other hand, take into account the imperfections of real markets. These approaches
include investment-theoretical valuation theory (Smith 1998; Hazen 2009 for extensive
references) and simulation-based valuation theory (Gleifiner and Ernst 2019 and the litera-
ture cited there). The investment-theoretical valuation theory assumes that the preferences
of a decision-maker can be described as a neoclassical decision function. In practical ap-
plications, however, it is problematic that the valuation with the so-called “total models”
presupposes a simultaneous optimization of all the options for action, and thus requires
unrealistic demands on the level of information (for example Fishburn 1977; Tversky and
Kahneman 1979). The simplifying “partial models” make it possible to reduce complexity,
but they do not provide a method for deriving the risk-adequate discount rates (and in
particular, no link to risk simulation and risk aggregation).

Based on the fundamental ideas of investment-theoretical valuation theory, “semi-
investment-theoretical” valuation methods have been developed in recent years, which
are also referred to as simulation-based methods. In practice, these methods are used to
evaluate investments, companies, determine the rating, risk-bearing capacity, and risk
coverage. The simulation-based methods also do not require the assumption of a perfect
capital market, but they are much more practical than investment theory valuation methods.
Simulation-based methods make it possible to use the DCF methods, commonly used in the
valuation practice. Instead of information on the (historical) stock return fluctuations, such
as the beta factor of the CAPM, the company-specific information from the risk analysis
and risk aggregation is used to calculate unbiased planned values of cash flows and the
risk-adequate cost of capital. The insolvency scenarios, possibly as a result of the risks, and
thus the insolvency risk, can also be easily reflected in the valuation calculation.

Dorfleitner and Gleifiner (2018), and Dorfleitner (2020), have presented the formal
framework of the simulation-based valuation. It has not yet been shown how the connection
to the DCF models used in the valuation practice can be established. Gleifiner and Ernst
(2019) describe important basics of the simulation-based valuation and demonstrate them
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with a simple example, which, however, does not answer questions of implementation
in a concrete valuation example. Furthermore, they do not discuss which formulas are
used in the certainty equivalent method and the risk premium method to arrive at identical
company values. In this paper, the necessary formulas are derived. They show how risk
information from the simulation as well as the simulated insolvency probability and the
growth rate are taken into account in the terminal value formula. Furthermore, through a
retrograde valuation in the certainty equivalent method, the certainty equivalent of each
period will be included in the formula in order to be able to discount with the risk-free
interest rate. In order to increase the acceptance of the simulation-based business valuation
in practice, the application of the formulas presented here is demonstrated in a practical
valuation case.

The paper is structured as follows. First, the simulation-based business valuation
is briefly introduced, and it is shown how the valuation can be carried out using the
certainty equivalent method and the risk premium method. The relationship between the
two methods is explained by deriving the cost of capital for the risk premium method
from the certainty equivalent method. Subsequently, the valuation equations for the
certainty equivalent method and the risk premium method are calculated with the help
of a retrograde valuation; thereafter, the valuation formula for the terminal value and the
valuation formula for the detailed planning period are presented for both methods. In a
practical example, we demonstrate how a professional simulation-based business valuation
can be carried out. Finally, the results are summarized, the limitations of the approach are
discussed, and further fields of research are identified.

2. The Concept of the Simulation-Based Company Valuation

A simulation-based business valuation relies on information about the risks of the
company itself, which are determined by means of risk analysis. Here, a distinction is
made, not between systematic and unsystematic risks as is customary in the CAPM, but
between the risks hedged and non-hedged in the company (Ernst and Hacker 2021). These
risks are modelled within the business plan using suitable distribution functions, and they
form the basis of unbiased business planning. After carrying out a Monte Carlo simulation,
the risk measures are selected for the aggregated risks within the framework of a risk
analysis. These risk measures provide the basis for risk processing in a simulation-based
business valuation.

From this approach, the core features of a simulation-based business valuation can
be derived:

1.  consideration of the corporate risks,
2. and application of a Monte Carlo simulation for risk aggregation.

A simulation-based valuation does not initially imply a commitment to a specific valu-
ation theoretical framework. If one chooses, as is in common practice, a semi-investment-
theoretical valuation by means of an “imperfect replication” (Gleifiner 2019; Dorfleitner
and Gleifsner 2018), all market constellations are from a high degree of market imperfection
to a perfect and complete capital market (also the CAPM as a special case) can be modelled
(Gleisner and Ernst 2019).

The frequency distributions resulting from the Monte Carlo simulation are each con-
densed to the expected value in the simulation-based valuation and the risk of the cash
flows is expressed by a risk measure, such as standard deviation or value-at-risk. A risk-
value model and the imperfect replication method can be used to calculate the risk-adequate
present value of the cash flows, taking into account their (a) amount, (b) risk, and (c) timing.

The essential features and advantages of a simulation-based business valuation based
on the analysis of the business risks can be summarized as follows (Gleifsner 2021):

1.  Only simulation-based planning can derive the comprehensible, unbiased, expected
values of cash flows.

2. A plausibility check of the planning and planning logic is carried out through risk
identification, risk quantification, and risk aggregation.
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3. With a simulation-based valuation, the effects of insolvency risk on the company
value can be easily incorporated into the valuation model.

4. A simulation-based business valuation enables the derivation of a risk-adequate cost
of capital directly from the risk analysis of the simulation results.

5. The simulation-based valuation is also a suitable basis for the preparation of en-
trepreneurial decisions.

6. A simulation-based valuation is the only valuation method that meets the legal
requirements and auditing standards for risk management.

The simulation-based company valuation can now be carried out with

the certainty equivalent method or

the risk premium method.

We start with the certainty equivalent method, since without this, the cost of capital
for the risk premium method cannot be derived.

3. Valuation with the Certainty Equivalent Method

In the certainty equivalent method, a risk discount is deducted from the expected value
of the cash flow. In this process, the expected future (uncertain) cash flows are transformed
into certain cash flows. The resulting certainty equivalents are then discounted at the
risk-free interest rate to obtain the present value of the cash flows or the enterprise value.

The certainty equivalent CE is the certain payment that provides the same utility as

the uncertain cash flow (af ). A risk discount of the valuation-relevant cash flow RD ((ﬁ: )

is deducted from the expected value of the uncertain cash flows E (c’:? )
CE(CNF> = E(CNF) - RD(FF) 1)
The risk discount itself is calculated as follows:
RD (6?) - R(a-") Ad )

and is composed of the risk measure R (6? ) , the market price per unit of risk A, and the
degree of diversification d.
R(CF) is the risk associated with the cash flow, which is determined via the frequency

distribution of the cash flow. The frequency distribution of the cash flow is determined
with the help of a Monte Carlo simulation, which aggregates the non-hedged risks existing
in a company via an integrated income statement and balance sheet planning. This makes it
possible to carry out the following risk analysis from the company’s risk structure without
having to rely on capital market data.

R (a-" ) is the risk measure and it reflects the (aggregated) total risk of the cash flows,
valued in monetary units. This can be the standard deviation of the cash flows or a value-
at-risk measure. The risk measure of the cash flows is converted into a price of aggregate
risk by multiplying it by the market price per unit risk A. The price of the aggregated total
risk is then multiplied by the share of the risks of the valuation object that the valuation
subject has to bear.

The calculated certainty equivalents can now be used to calculate the enterprise value
V. In the certainty equivalent method, the certainty equivalents in the numerator are
discounted with the risk-free interest rate r¢ in the denominator. The risk-free interest rate
is used because the aggregated total risk has already been captured with the risk discount
in the certainty equivalent.
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Let us consider the certainty equivalent method in a single-period case.

Value(cAfo) ) CE(GE) ) E(CAF}) —RD(CAF]) ) E(EE) —R(?F]).A.d o

(1477) (1477) (1+7)

As we can see, the certainty equivalent method clearly distinguishes between the
risk preference (in the numerator) and the time preference (risk-free interest rate in the
denominator). This is not the case with the risk premium method commonly used in
practice, which we will address below.

4. Valuation with the Risk Premium Method

In the risk premium method, which is widely used in practice, the cash flows in the
numerator are discounted with the risk-adjusted interest rate in the denominator. The
risk premium rp is added to the risk-free interest rate rf to obtain cost of capital ¢ for
discounting the future expected cash flows (¢ = r; +rp).

((cR)_e(er) £(cr) £(cr)

Value (EF()) = = = —— = )
(1+7¢) 147,47 R(CF) norm.
(rrere)  (14r4 vawe(er) ~) T Rcgy M
RZ‘%LFV]”) is the normalised, aggregated total risk (in % of value = 7‘/555(%%) ), e, a

measure of the return risk (like the standard deviation of the stock return). This is multiplied
by the market price of the risk A and the diversification factor d of the valuation subject, as
already explained above.

5. A Comparison between the Certainty Equivalent Method and the Risk
Premium Method

The certainty equivalent method and the risk premium method are two approaches
that incorporate the risk measure at different points in the valuation equation, but they
result in identical company values. The application of the certainty equivalent method
and the risk premium method have strengths and weaknesses for the practice of business
valuation, which will be pointed out here.

First of all, it is very important to mention that the risk premium method is the
commonly used method in business valuation practices. This is because the discounted
cash flow (DCF) method originates from investment appraisal, in which one determines
the net present value of an investment by discounting the future cash flows with a risk-
adjusted interest rate; therefore, the risk premium method is applied here. This was then
incorporated into the company valuation theory. Another important reason for using the
risk premium method is that it is a standard method within the Capital Asset Pricing
Model (CAPM) (for the use of a less common certainty equivalent variant of the CAPM, see
Robichek and Myers 1966; Rubinstein 1973). As the CAPM has been the preferred model
worldwide for calculating the premium risk, the risk premium method is also considered
to be widely acceptable. Furthermore, the cost of capital is often used in the context of
value-based management to control companies; therefore, there is a connection here in
terms of the content. From an investor’s point of view, the cost of capital reflects the
expected return on capital, so that here, too, a use of the risk premium method is popular.

A weakness of the risk premium method is the lack of separation between the risk
and time preference. This can lead to valuation errors in certain valuation cases. These
errors occur when the expected value of the cash flows is small or even negative compared
with the risks (standard deviations). In such cases, the discounting of negative cash flows
may occur. If the negative payments are discounted with a positive discount rate, the
discounted value will erroneously be greater (less negative) than the expected value. In the
certainty equivalent method, on the other hand, the certainty equivalent of a payment with
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a negative expected value will be less than the expected value. The separation of the risk
and time preference in the certainty equivalent method leads to correct valuation results
for negative cash flows.

Another weakness of the risk premium method is that the risk is difficult to interpret
as a relative risk measure. It would be more helpful to indicate it as an absolute monetary
unit, as we know it from the value at risk. This is made possible by the certainty equivalent
method. It is interesting to observe to what extent the aggregated total risk reduces the
expected cash flow. With the certainty equivalent method, well-known risk measures such
as the value at risk, which plays an important role in risk management, can be used in
addition to the standard deviation.

A further strength of the certainty equivalent method is the fact that in simulation-
based company valuations, the cost of capital for the risk premium method can only
be derived via the certainty equivalents; therefore, a stand-alone application of the risk
premium method with the help of a simulation-based valuation is not possible (see
Equations (5) and (6)). This means that in the simulation-based valuation, the results
of the risk analysis are first taken into account via the certainty equivalent method. If the
capital costs have been derived from this, the certainty equivalent method and the risk
premium method can be applied alternately.

However, it is important to mention that a company valuation with the certainty
equivalent method is more complex and unfamiliar to practitioners. We will see this later
when we derive the formula for the terminal value in the certainty equivalent method. This
can lead to problems of understanding and acceptance.

As we have seen, both methods have advantages and disadvantages. The interesting
thing is that both methods are not mutually exclusive, but can be used in parallel, so that
you can benefit from the advantages of both. This is what we will do in the following
sections. In the next step, we will calculate the cost of capital for the risk premium method
from the certainty equivalence method.

6. Calculation of Simulation-Based Cost of Capital for the Risk Premium Method

As we have already learned, the certainty equivalents are the basis for the calculation
of the simulation-based cost of capital. Furthermore, we know that the company value
should be identical for the certainty equivalent method and the risk premium method. Since
we can derive the company value via the certainty equivalent method with Formula (3),
we will equate the formula of the certainty equivalent method with the formula of the risk
premium method in the following and then dissolve it, according to the cost of capital.

£(cR) - R(cR)nd _(ch)

n) = 153 ©)

By diligent rearrangement, we obtain the following equation for the cost of capital:

B 1+7rf o 1+7rf _1_rf+V(6f1>'/\'d ©)
C_l_lggg.A.d _1—V(€E)-A-d _1—V<EE)-A-d'

where V stands for the coefficient of variation.

The result of this calculation is a cost of capital derived from the aggregated total
risk volume. These are the period-specific costs of capital. They reflect the risks actually
identified, quantified, and then aggregated in the business plan. In contrast to the CAPM,
the focus here is not on purely on systematic risks, but also on those risks that are relevant
to the company and not hedged by hedging instruments. The cost of capital determined
in this way, therefore, shows the true risk inherent to the company without the need for
comparisons with listed companies.
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7. Calculating the Simulation-Based Enterprise Value

We now want to calculate the company value. Since this is easier for the risk premium
method, we will start with that. After that, we perform the calculations for the certainty
equivalent method.

The company value is calculated in retrograde for both the risk premium method and
the certainty equivalent method. In this context, ‘retrograde’ means that we first calculate
the terminal value of the continuation phase, and then, successively, calculate the company
value for the detailed planning phase, taking into account the terminal value, the respective
cash flows, and the period-specific costs of capital for each period, until we arrive at the
valuation date. The retrograde approach is always used when a period-specific varying
risk volume—either expressed in the cost of capital or in the cash flows—is expected.

However, it should be emphasized once again that the risk premium method and the
certainty equivalent method must result in identical company values in each case.

7.1. Valuation Equations for the Risk Premium Method
7.1.1. Calculation of the Terminal Value in the Continuation Phase

In the continuation phase, the value of the company (for example for the periods
te, t7,..., o) is calculated with the help of the terminal value. Behind the general terminal
value formula, also known as the Gordon Growth Model (Gordon 1962), there is nothing
other than the perpetuity of a payment formula with the growth rate g.

a:TV
ety — §

TV = (7)

The terminal value formula will now be extended by the insolvency probability p.

_ CFry
cry —g+p(1+¢g)

TV 8)

The CFry is the unbiased cash flow to the capital providers derived from the simula-
tion, which already takes into account the probability of insolvency; therefore, no further
adjustments need to be made to the numerator. In addition to the cost of capital, the
growth rate ¢ and the insolvency probability p can be found in the denominator. From the
formula, it can be seen that the insolvency probability acts like a negative growth rate of
the (uncertain) cash flow to be valued, and thus reduces the terminal value. One can argue
against the presented approach, that in the CFry, the insolvency probability has already
been correctly taken into account and double counting should be avoided. This is correct,
but in the formula of the terminal value, we do not only consider the situation in the first
planning period, but the effects of the insolvency probability over the entire payment series.
This is a conditional insolvency probability, which is additionally subject to the growth of
the payment series.

7.1.2. Calculating the Enterprise Value in the Detailed Planning Phase

After the terminal value has been calculated, the value of the company can then be
determined retrogradely for each period. It should be noted that the terminal value refers
to 31.12. of the last plan year t. This means that the terminal value occurs at the same time
as the cash flow of the last planning year .

The value as at 31.12. of the last planning year t is obtained by adding the cash flow of
the last planning year to the terminal value.

Values; 124 = TV + CFay.124 )
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This results in the value as of 1.1.¢

TV + &31 12
Value = —_— 10
11t 0ta) (10
In a generalized form, the value as of 1.1.t results as
Val CF
Value, 1, = aluepy o1.t+1 + CE31.104 (11)

(1 + Ct)

This formula can now be used to discount the value of the company up to the valuation
date.

7.2. Valuation Equations for the Certainty Equivalent Method
7.2.1. Calculating the Terminal Value in the Continuation Phase

In the certainty equivalent method, the numerator of the terminal value formula
contains the certainty equivalent CE. As we already know, the certainty equivalent is
calculated by subtracting a risk discount RD from the expected value of the uncertain cash

flows E(&f)
CE(éfl) - E(EE) - RD(EE) (12)

The risk discount RD is, again, the expected value of an uncertain cash flow E CF

multiplied by the coefficient of variation V, the risk aversion parameter A, and the diversifi-
cation factor d. The coefficient of variation V' is defined as the risk of the cash flow divided
by the expected value of the cash flow.

“(cr)

RD(CR) ~E(CR) V-1 =E(CR) Ly

Ad = E(éfl) ‘RR (6?1) (13)

where RR (61{1) stands for the risk rate of the cash flow, which reflects the share of the risk

discount in the expected cash flow.
Substituting Equation (13) into Equation (12), we obtain the following equation for the
certainty equivalent CE.

CE(EE) - E(EE) - E(EE) VAd = E(EE)-@ —VAd) = E(éﬁ)-@ — RR(EE)) (14)

Based on the certainty equivalent, the terminal value for the certainty equivalent
method can now be calculated, taking into account the risk rate RR, the probability of
insolvency p and the growth rate g.

Before we start with the calculation of the terminal value, we would like to take a look
at the valuation methodology behind the terminal value. The calculation of the terminal
value is based on the Gordon Growth Model. This in turn is based on a geometric series.
A geometric series is characterized by the fact that the sequence links are each created by
multiplication of the preceding link with a constant rate. Each sequence element (except
the first) is the geometric mean of its two neighboring elements.

The cash flows used to calculate the terminal value are a geometric series, which we
briefly introduce in its general form. The sum of a data series, which starts in ¢y with the
factor a and is then multiplied by a rate g in each case up to period #, has the following
equation.

n . 1 _on
Za'qt :ﬂ+ﬂ'q+a'q2+...+a~q”_1 = a(l_qq) (15)
t=0
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For the case when the geometric series runs towards infinity, the rate 4" tends towards
zero, resulting in the following formula:

a-g- = (16)
Lo

In the certainty equivalent method, we are dealing with three different rates in a
geometric series:

Rate 1: the risk rate RR, which reduces the factor a in each period, acts like a negative
growth rate, and leads to a decreasing geometric sequence.

Rate 2: the insolvency probability p, which reduces the factor a in each period, acts similarly
to a negative growth rate, and leads to a decreasing geometric sequence.

Rate 3: the growth rate g, which increases the factor a in each period and leads to an
increasing geometric sequence.

The cash flow in f + 1 is calculated from the cash flow in ¢ by decreasing it by the risk
rate RR and the probability of insolvency p, and simultaneously increasing it by the growth
rate g. The calculations of the cash flows can be continued for the subsequent periods as

follows:
CE(CFy1) = CE(CFt)-(1— RR)-(1 = p)-(1+g)
CE(CFi12) = CE(CFt)-(1 = RR)*(1 = p)*+(1 +g)’ (17)

If the present value of this series is now calculated, the future cash flows must be
discounted with the risk-free interest rate 7.

CE(CFt)-(1~RR)-(1-p)-(1+g) CE(CF;)-(1—RR)*(1 - p)*(1+g)’
TV = + +...00 (18)

(1+7) (1+rf>2

If we apply the findings from the geometric series to our cash flow series, we obtain

for a und g:
CE(CF:)-(1 = RR)-(1-p)-(1+)
. (19)
1 +Tf
and (1-RR)-(1-p)-(1+g)
1= 1471y )

Substituting the equations of Formulas (19) and (20) into Formula (18), we get

CE(CF; )-(1-RR)-(1-p)-(1+g)

TV — Trry _ CE(CF;)-(1-RR)-(1—p)-(1+g) _ CE(CF)-(1-RR)-(1—p)-(1+g) _
1— (PRR)-](i;;)-(Hg) (1+rf)- (17 (17RR)«1(Jlr;fp)A(l+g)> 1+rf—(1-RR)-(1-p)-(1+g) 1)

CE(CF;)-(1-RR)-(1—p)-(1+g) CE(CF141)
rf+RR-(14g)-(1-p)—g+p-(1+8) ~ rp+RR(1+g8)-(1-p)—g+p-(1+g)"

The denominator in the certainty equivalent method has a similar structure to that in
the risk premium method. Since the risk has already been priced into the numerator, the
risk-free interest rate ¢ is used as the interest rate in the denominator. We must be aware
that among all the periods of the terminal value, only one period is discounted with the
risk-free interest rate; therefore, the risk in the further cash flow series tending towards
infinity has to be taken into account for the calculation of the terminal value. This is done
by adding the risk premium to the risk-free interest rate add-on, which in turn, is subject
to a growth rate ¢ and the probability of insolvency p. The overall risk premium has a
value-reducing effect. The denominator contains the growth rate g, which is deducted from
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the risk-free rate and has a value-increasing effect. The probability of insolvency p, which
is itself subject to growth, also reduces value.

7.2.2. Calculating the Value of the Company in the Detailed Planning Phase

The value, as of 31 December of the last planning year ¢, is obtained by first subtracting
from the terminal value, the risk associated with the terminal value in the last planning
year, and then adding the certainty equivalent of the last planning year. The reason for this
approach is that the certainty equivalent already includes the risk in the period ¢, although
the risk of the TV in the period ¢ has not yet been taken into account.

Value31.12_t =TV — TV)\th + CE ((/:7:31.121) (22)
When discounted, the value at 1.1.t is calculated as

TV — TV-A-Vq-d + CE (5?31.12.t)

Valuey 1 = (23)
(1 + l”f>
In a generalized form, the value at 1.1.t is given as
Valueon 01441 — Valueor o1.4+1-A-Vi-d + CE (6?31.121)
Valuelil.t = (24)

(1 +rf>

This formula can now be used to discount the value of the company up to the valuation
date.

8. Application of the Valuation Formulas

In the following, we show how the simulation-based business valuation can be applied
in practice. For this purpose, we use the slightly modified business valuation example
by Ernst and Hécker (2017), and based on this, carry out the simulation-based business
valuation with the risk premium method and the certainty equivalent method. As a DCF
method, we use the equity approach, in which the cash flows to equity represent the
relevant cash flows, and the cost of equity represents the relevant cost of capital.

We proceed in the following steps:

1.  Creation of the distribution functions of the risk parameters for the Monte Carlo
simulation.

2. Integration of the risk parameters into the planning of the income statement and the

balance sheet.

Calculation of the probability of insolvency.

Calculation of cash flows to equity as a target values of the Monte Carlo simulation.

Risk analysis of the cash flows to equity.

Pricing of the risk.

Derivation of the cost of equity for the risk premium method.

Calculation of the risk-adjusted cash flow to equity for the certainty equivalent

method.

Calculation of the company value with the risk premium method.

10. Calculation of the company value with the certainty equivalent method.

PNRNA W

o

In step 1, as a result of a risk workshop, the risks that have not been hedged or
can be hedged by the company are identified. These are quantified by assigning them a
distribution function (Ernst and Wehrspohn 2022). Figure 1 shows the distribution functions
for modelling total sales, COGS, and general administrative expenses. Figure 2 contains the
distribution functions for modelling the other operating expenses. The cells with the green
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background colour are input cells for the Monte Carlo simulation and contain random

numbers from the specified distribution functions.

Risk Assumptions

Triangular distribution Distribution  Distribution  Distribution  Distribution  Distribution  Distribution
Sales growth 2.00% 2.25% 1.72% 2.51% 0.21% 0.96%
Minimum value 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Most likely value 2.00% 2.00% 2.00% 2.00% 1.00% 1.00%
Maximum value 3.00% 3.00% 3.00% 3.00% 2.00% 2.00%
Normal distribution Distribution  Distribution  Distribution  Distribution  Distribution  Distribution
COGS 0.27% 2.09% -5.95% -4.42% 6.15% 6.99%
Expected value 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Standard deviation 5.00% 5.00% 5.00% 5.00% 5.00% 5.00%
Selling expenses 5.90% 1.93% 0.38% -2.46% -2.83% -5.71%
Expected value 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Standard deviation 3.00% 3.00% 3.00% 3.00% 3.00% 3.00%
General administration expenses 3.13% -0.27% -2.29% -0.06% -1.07% -3.21%
Expected value 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Standard deviation 2.00% 2.00% 2.00% 2.00% 2.00% 2.00%

Figure 1. Distribution functions for modelling total sales, COGS, and general administrative expenses.

Risk Assumptions

Plan Plan Plan Plan Plan Plan
ty t t; t ts TV

Distribution  Distribution  Distribution  Distribution  Distribution  Distribution

Other operating expenses

Small defaults 76.74% 80.07% 25.20% 60.53% 24.55% 93.64%
Probability of occurence (minimum) 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Probability of occurence (maximum) 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%|
Likelihood of damage 30.00% 30.00% 30.00% 30.00% 30.00% 30.00%
Amount of damages in % of sales 0.50% 0.50% 0.50% 0.50% 0.50% 0.50%
Expected amount of damages in % of sales 0.00% 0.00% 0.50% 0.00% 0.50% 0.00%

Medium defaults 83.34% 91.77% 21.75% 85.43% 89.05% 4.11%
Probability of occurence (minimum) 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Probability of occurence (maximum) 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
Likelihood of damage 5.00% 5.00% 5.00% 5.00% 5.00% 5.00%
Amount of damages in % of sales 3.00% 3.00% 3.00% 3.00% 3.00% 3.00%
Expected amount of damages in % of sales 0.00% 0.00% 0.00% 0.00% 0.00% 3.00%

Large defaults 75.80% 0.78% 14.83% 85.21% 30.92% 60.91%
Probability of occurence (minimum) 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Probability of occurence (maximum) 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
Likelihood of damage 1.00% 1.00% 1.00% 1.00% 1.00% 1.00%)
Amount of damages in % of sales 5.00% 5.00% 5.00% 5.00% 5.00% 5.00%
Expected amount of damages in % of sales 0.00% 5.00% 0.00% 0.00% 0.00% 0.00%

Loss of key accounts 16.23% 81.05% 71.39% 50.73% 93.28% 66.49%
Probability of occurence (minimum) 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Probability of occurence (maximum) 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
Likelihood of damage 5.00% 5.00% 5.00% 5.00% 5.00% 5.00%
Amount of damages in % of sales 20.00% 20.00% 20.00% 20.00% 20.00% 20.00%
Expected amount of damages in % of sales 20.00% 0.00% 0.00% 0.00% 0.00% 0.00%

Figure 2. Distribution functions for other operating expenses.

In the second step, the Monte Carlo parameters are built into the income statement

and balance sheet planning. This results in unbiased planning. Figure 3 shows an excerpt
of the income statement planning.
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Actual Actual Actual
t-2 t-1 i
Total sales (random) | 39,625 40,493 41,149 41,882 42,184 42,702
Total sales (plan) 34,943 35,015 39,586 40,378 41,185] 42,009 42,849 43,278 43,710
Total sales (risk) -753 -692 -860 -967| -1094) -1008
- COGS (random) | 14.211] 12,818] 15,013] 14,825| 14,611] 16,446
- COGS (plan) 11,756 11,382 17,010 14,687 14,980| 15,280| 15,586| 15,741| 15,899
- COGS (risk) [ 476 2,162| 267| 761| 1,130] -547
Gross profit on sales (random) 23,187 23,633 22,576 25,414] 27,675 26,136] 27,057| 27,573 26,256
- Selling expenses (random) | 13,005| 12,672| 13,479| 13,894| 13,128 12,921
- Selling expenses (plan) 11,148| 11,116| 12,751 12,902| 13,160| 13,423| 13,692] 13,829] 13,967
- Selling expenses (risk) [ -103| 488 56| -202] 701| 1,046
- Research and development expenses 4,408| 4,504| 5,246 5,212 5,316] 5422] 5,531] 5,586 5,642
- General administration expenses (random) 2,369 2,399 2,416 2,459 2,462 2,509
- General administration expenses (plan) 1,804 2,026 2,728 2,401 2,449 2,498 2,548 2,574 2,599
- General administration expenses (risk) 32 50, 82 89| 112 90|
+ Other operating income 787| 864| 5,057 2,355] 2,402 2,450] 2,499 2,524] 2,549
- Other operating expenses (random) 1,689 1,726 1,754 1,785 1,798 1,820
- Other operating expenses (plan) 879 948 2,994/ 1,721 1,755 1,790 1,826 1,845 1,863
— Other operating expenses (risk) 32| 29\ 36 41 47 43|
Operating result (EBIT) (random) ‘ 5,494 7,964‘ 5,515 5,887 7123 5,913
Operating result (EBIT) (plan) 5,738 5,903 3,914 5,810 5,926 6,045 6,166 6,227 6,289
Operating result (EBIT) (risk) [ -315] 2,038 -530 -279) 896 -376

Figure 3. Excerpt of the income statement planning.

In step 3, the insolvency risk is linked to the planning model and the insolvency
probability is calculated via a heuristic function using the equity ratio and the return on
equity employed (ROCE) (see Figure 4). The cells with the yellow background colour are
output cells of the Monte Carlo simulation.

Insolvency likelihood

1.42% 1.35% 1.38% 1.14% 1.23% 1.20%
Likelihhood of survival 98.58% 98.65% 98.62% 98.86% 98.77% 98.80%
Equity ratio 38.22%! 38.40% 38.59% 39.54% 39.84% 40.33%
Return on capital employed (ROCE) 4.16%) 4.50% 4.12% 5.34% 4.39% 4.31%

Figure 4. Insolvency risk.

In step 4, the cash flows to equity are calculated as the target values of the Monte
Carlo simulation (see Figure 5). The result of the Monte Carlo simulation is a frequency
distribution of the cash flow to equity (see Figure 6), which is the basis for the following
risk analysis. The tail risks in the frequency distribution are striking. They show that the
combined occurrence of risks can threaten the existence of the company. These tail risks
would be overlooked in the absence of simulation-based planning.

Cash flow to Equity

Plan Plan Plan Plan Plan Plan
€ million t t, ty t, 13 TV
Operating result (EBIT) (random) 5.522 5.359. 5.505: 5.548 4.622 4.750
- Financial expenses 978 986 1.016 1.036 1.052 1.062
before taxes (EBT) 4.544 4.372 4.490 4.512. 3.570: 3.688
- Income taxes 1.190 1.145 1.176 1.182° 935 966
— Change in deferred taxes (asset side), deferred
taxes (liabilities side), and income tax liabilities 0 0. 0 0 0 0
after taxes 3.354 3.227 3.314 3.331 2.635 2722
+ Depreciation and amortization 2.908 2.920 2.932 2945 2.950 2.954
+ Change in other provisions 0 0. 0 0 70 7
- Capital expenditures 3.296. 3.320 3.344 3.370 3.095 3.101
- Change in net working capital -1449 726 27: 222 236 559
+ Change in Provisions for pensions and other post-employment benefits 23 370 19: 196 100! 10
+ Change in Refund liabilities (noncurrent) -167 0 0 0
+ Change in Contract liabilities (noncurrent) -986 0 0 0
+ Change in Noncurrent financial liabilities 6.034 1.750: 910 928 473 47
+ Change in Financing gap 0 0 0: 0 0 0
+ Change in Refund liabilities (current) -3622 0. 0 0 0 0
+ Change in Contract liabilities (current) -3235 0 0: 0 0 0
+ Change in Current financial liabilities 221 156 81 83 42 43
Cash flow to Equity 3.183 4.377 3.813 3.892. 2.939 2.709
Cash Flow to Equity from CF 3.183 4.377 3.813 3.892 2.939 2.709
Check [e OK OK OK OK OK J
Cash Flow to Equity I 3.026 4.589 3.659: 3.716. 3.683. 3.694|

Figure 5. Calculation of the cash flow to equity.
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Histogram CDF  ICDF  Reverse CDF Denstty Box-Whisker Options  Statistics

‘[Company Valuation

- Vike, O] CF
Calculation with Insol.

Risk K104
0,00095 0.00038 Average 3.694
:

2.985.606
0

3.051
0
Range 12477
"""""" RangeS_95 6.332
Minimum -4.784

""" g S T = Expected Tail <= 0.1% 4521
N : ' i i 0.01% - Quantie 4784
0.02% - Quantile -4.740
0.03% - Quantile -4.580

Figure 6. Frequency distribution and statics of the cashflow to equity in the TV.

In step 5, the cash flow to equity risk analysis is carried out. The risk measures,
standard deviation, and coefficient of variation are calculated (see Figure 7). The further
calculations refer to the standard deviation for the certainty equivalent method and the
coefficient of variation for the risk premium method.

Risk Parameters

Plan Plan Plan Plan Plan Plan

t t ts ty ts TV

Standard Deviation 969| 1632 1614 1661 1641 1,728
Coefficient of Variation 0.32 0.36 0.44 0.45 0.45 0.47
Control 0.32 0.36 0.44 0.45 0.45 0.47

Figure 7. Calculation of the risk measures, standard deviation, and coefficient of variation.

In step 6, the risk parameter—in our case the standard deviation—is adequately priced
in order to determine risk-adjusted cash flows for the certainty equivalent method (see
Figure 8). In addition to the risk parameter itself, this requires the market price of the risk
and the diversification factor. The parameter lambda A describes the “market price of the
risk” and expresses the risk aversion. The lambda is calculated by setting the market risk
premium in relation to one unit of market risk. The diversification factor d depends on
the investor’s diversification factor. In order to be able to take into account the entire risk
scope of the company, the diversification factor is set at the value of one; however, the
diversification factor can be adjusted individually.
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Price of the Risk for the Risk Parameter Standard Deviation

Plan Plan Plan Plan Plan Plan

ty t, t; ts ts TV

Standard deviation 969 1632 1614 1661 1641 1728
Lambda 26.55%| 26.55%| 26.55%| 26.55%| 26.55%| 26.55%
Diversification factor (d) 100.00%| 100.00%| 100.00%| 100.00%| 100.00%| 100.00%
Price of the risk 257 433 429 441 436 459
Risk-free rate of return 0.70% 0.70% 0.70% 0.70% 0.70% 0.70%
Expected return of the market 6.01% 6.01% 6.01% 6.01% 6.01% 6.01%
Market risk premium 5.31% 5.31% 5.31% 5.31% 5.31% 5.31%
Standard deviation of the market return 20.00%| 20.00%| 20.00%| 20.00%| 20.00%| 20.00%
Lambda 26.55%| 26.55%| 26.55%| 26.55%| 26.55%| 26.55%

Figure 8. Pricing of the risk.

In step 7, the cost of capital for the risk premium method is derived from the certainty
equivalents according to Equations (5) and (6). For the risk premium method, the risk is
expressed in the cost of capital, in this case the cost of equity. The risk itself is the result
of a risk analysis of the company, for which the coefficient of variation is calculated as the
risk parameter. Figure 9 shows the cost of equity derived with the help of the coefficient of
variation, the market price of the risk (lambda), and the diversification factor.

Cost of equity

Plan Plan Plan Plan Plan Plan

t t; ts ts ts TV

Risk-free rate of return 0.70% 0.70% 0.70% 0.70% 0.70% 0.70%
Coefficient of variation 32.02%| 35.57%| 44.10%| 44.69%| 44.56%| 46.78%
Lambda 26.55%| 26.55%| 26.55%| 26.55%| 26.55%| 26.55%
Diversification factor 100% 100% 100% 100% 100% 100%
Cost of equity (levered) 10.06%| 11.20%| 14.05%| 14.26%| 14.21%| 14.98%

Figure 9. Derivation of the cost of equity for the risk premium method.

In step 8, the calculation of the risk-adjusted cash flow to equity for the certainty
equivalent method, according to Equation (1), takes place. For the certainty equivalent
method, the risk is calculated at the level of the cash flows. Figure 10 shows the risk-
adjusted cash flows to equity underlying the valuation, which are also referred to as
certainty equivalents.

Certainty Equivalent = Risk adjusted Cash flow to Equity (CFtE)

Plan Plan Plan Plan Plan Plan

ty t, t; ty ts TV

Unbiased CFtE with insolvency likelihood 3,026 4,589 3,659 3,716 3,683 3,694
Standard deviation 969 1,632 1,614 1,661 1,641 1,728
Lambda 27% 27% 27% 27% 27% 27%
Diversification factor 100% 100% 100% 100% 100% 100%
Risk adjusted CFtE = Certainty equivalent 2,769 4,156 3,230 3,275 3,247 3,235

Figure 10. Calculation of the risk-adjusted cash flow to equity for the certainty equivalent method.

In step 9, the company value can be calculated retrogradely for the risk premium
method starting from the terminal value (see Figure 11). The formulas derived above for
the terminal value and the period-specific company value are used.
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Cost of equity (levered)

Cash Flow to Equity - CFtE (t+1)
Terminal Value

Equity value (operating)

Equity value and TV (operating)

Equity value (operating)

+ non-operating assets

Equity Value 26,897

Figure 11. Calculation of the company value with the risk premium method.

In step 10, the simulation-based business valuation for the certainty equivalent method
is carried out (see Figure 12). Again, the formulas above are used.

Equity Aproach for Standard Deviation as Risk Parameter
Certainty Equivalent Approach

Plan Plan Plan Plan Plan
t, t, ts B ts
=31.12.1 =31.12.t2 =31.12.t3 =31.12.t4

=31.12.t0

0.70%
3,247,

0.70%|
3,275

0.70%|
2,769

0.70%
4,156

0.70%)
3,230]

Risk-free rate of return

Risk adjusted Cash Flow to Equity - CFtE after Risk (t+1)
Terminal Value (TV)

Equity value (operating)

Equity value and TV (operating)

24,963
24,963

24,831
24,831

24,634
24,634

26,897
26,897

26,576
26,576

Equity value (operating) 26,897.00

+ non-operating assets

Equity Value 26,897

Figure 12. Calculation of the company value with the certainty equivalent method.

It can be seen from the figures that the certainty equivalent method and the risk
premium method lead to identical company values.

9. Results

Simulation-based business planning makes it possible to model imperfections in
capital markets in the business valuation. This is done by means of unbiased planning that
integrates the risks that are not hedged in the company into the business plan. Through
a Monte Carlo simulation, the risks are aggregated to a target value (e.g., the cash flow).
The frequency distribution of the cash flows serves as the basis for the company’s risk
analysis. From this risk analysis, statements can be derived from risk ratios, the rating, the
probability of insolvency, and the cost of capital.

The approach presented in this article makes it possible to supplement the CAPM-
based DCF valuation that has, to date, predominated business valuation, with a DCF
valuation that calculates risks not from the capital market, but from the risk potential that
is actually present in the company.

The formulas presented in this article are intended to help valuation specialists familiar
with CAPM-based DCF valuation to carry out a company valuation even when calculating
the risk via the capital market does not seem sensible. The approach presented here makes
it possible for valuation experts to transfer their valuation know-how to simulation-based
business valuations, without having to overcome too many methodological hurdles. This
is central for acceptance and application in valuation practice.

The approach presented here has limitations that require further research activities.
The detailed planning period is well represented by the unbiased planning. The unbiased
cash flows include the risks not hedged in the company and represent a suitable basis for
valuation. Furthermore, the terminal value is based on a cash flow that is also unbiased
and reflects the development associated with the risk, the probability of insolvency, and
the growth in the continuation phase; however, the terminal value is based on the Gordon
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Growth formula, which is commonly used in practice. One area of research for the continu-
ation phase would be to model the development of the cash flow via a stochastic process
generated by a Monte Carlo simulation. This would have the advantage of applying a
coherent approach to simulation-based planning and valuation for the entire planning
horizon.

Another area of research is the determination of the diversification factor in simulation-
based valuation. So far, CAPM-based company valuations assume a fully diversified
investor. The counterpart to this is the total beta approach, which assumes an investor
concentrated on one company. The degree of diversification depends on the individual
asset situation of the investor; therefore, when determining the diversification factor, the
investor’s overall asset situation must be determined. In order to be able to determine
this, the Copula approach is required, which maps the correlation of the assets taking
into account the correlations in the tails of the distribution functions of the assets. The
connection of the Copula approach with simulation-based valuation is still an open area
of research.

Since simulation-based planning and business valuation depicts the risks of many
KPIs via frequency distributions, the fat tails of the distributions that can lead to risks, thus
threatening the existence of the company, should be evaluated in particular. The extreme
value theory can be used for this purpose.
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