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Risk measurement
in profitability calculation
of non-financial investment

Pomiar ryzyka w kalkulacji optacalnosci
inwestycji rzeczowych

Abstract: In the paper a model of non-financial investment profitabil-
ity calculation is presented. It is based on the concept of quantile risk
measures and a real option valuation. Application of Monte Carlo sim-
ulation allows to receive probability distribution of Net Present Value
(NPV) and implement risk measures like Cash Flow at Risk (CFaR),
Net Present Value at Risk (NPVaR) or Expected Shortfall (ES) in re-
lation to NPV (ES (NPV)). The main contribution of the article is
implementation of ES (NPV) that shows the average of worst losses
regarding NPV. ES (NPV) informs the investors what the worst re-
sult of the project may be.

Streszczenie: W artykule przedstawiono model kalkulacji optacalno-
$ci inwestycji rzeczowych. Jest on oparty na koncepcji kwantylowych
miar ryzyka i wycenie opgji realnych. Zastosowanie symulacji Monte
Carlo pozwala otrzyma¢ rozktad prawdopodobienistwa wartosci zak-
tualizowanej netto (Net Present Value — NPV) i wdrozy¢ miary ryzy-
ka, takie jak przeptywy pieni¢zne narazone na ryzyko (Cash Flow
at Risk — CFaR), warto$¢ zaktualizowana netto narazona na ryzyko
(Net Present Value at Risk — NPVaR) czy oczekiwana strata (Expected
Shortfall - ES) w stosunku do NPV — ES (NPV). Giéwnym wktadem
artykutu jest implementacja ES (NPV), ktéra pokazuje $rednia naj-
gorszych strat wzgledem NPV. ES (NPV) informuje inwestordw, jaki
moze by¢ najgorszy wynik projektu.
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Introduction

Investments are the driving force behind the development of enterprises. They are
an interdisciplinary issue that combines many aspects, such as: market and environ-
ment analysis, defining strategic goals of the company, defining a marketing strategy,
determining a method of financing investment projects, forecasting, creating financial
plans, risk analysis, investment profitability calculation. The increasing volatility of op-
erating conditions forces a more dynamic view of the investment process. In such a situ-
ation we are dealing with a kind of profitability management of an investment project.
Changing significant factors directly affecting the final result of investment activities
requires verification of the previously adopted assumptions and looking at the legiti-
macy of continuing the investment process from a different perspective.

The basic characteristic of an investment process is that investment outlays are in-
curred at present and investment benefits are expected in the future. Very often an in-
vestment process is a long term one. Conditions can change through the years, so that
is why risk and uncertainty are significant factors in the process of investment profit-
ability calculation.

The most universal method of investment project evaluation is Net Present Value.
Despite its shortcomings, it is widely used in many different areas [Rivers et al., 2015;
Balen, Mens, and Economides, 1988]. It assumes that forecasted structure of cash
flows is known. The main disadvantage of this method is that the calculation is made
at the time of the appraisal and the level of cash flow is taken for granted. The ques-
tion is how to capture the element of risk into the calculation. Some methods take
the risk into account directly. These methods are Certainty Equivalent Adjustment
(CEA) [Zhang, 2010; Zizlavsky, 2014] and Risk — Adjusted Discount Rate Approach
(RADRA) [Tibiletti, 2022; Blaset, Kastro and Kulakov, 2020; Satuga, 2019; Satuga,
Zamasz, Dacko-Pikiewicz, Szczepariska-Woszczyna and Malec, 2021]. The methods
that capture risk indirectly are: scenario analysis [Ren, 2022; Brzakovic, Brzakovic
and Petrovic, 2016; Gaspars-Wieloch, 2019; Andros, Akimov, Akimova, Chang and
Gupta, 2021], decision tree analysis [Ranosz, 2016; Brandio, Dyer and Hahn, 2005;
Wang, 2010; Yao and Jaafari, 2003; De Reyck, Degraeve and Vandenborre, 2008],
sensitivity analysis [Marchioni and Magni, 2018; Nwanekezie, Iroegbu, Wogu and
Okorocha, 2014; Liu, 2022; Anysz and Rogala, 2019; Mentari and Daryanto, 2018;
Zenad, 2015; Anas, Amalia, Qaidahiyani, Djamaluddin and Herin, 2020] and Monte
Carlo simulation [Rodriges Amorim, Ferreira Silveira, Alves dos Santos, Rosa Tostes
and Camargo de Abreu, 2017; Shaffie and Jaaman, 2016; Zahid, 2019; Wicaksono,
Bin Arshad and Sihombing, 2019; Maric and Grozdic, 2016]. The approach to in-
vestment profitability calculation may also be a combination of existing methods [De
Reyck, Degraeve and Vandenborre, 2008; Miller and Waller, 2003; Mills, Weinstein
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and Favato 2006; Yao and Jaafari, 2003] or their modification. Some authors use fuzzy
values to underline the uncertainty of parameters [Tsao, 2012; Liao and Ho, 2010;
Appadoo, 2014; Chiu and Park, 1994; Filho, Vellasco and Tanscheit, 2012]. Uncer-
tainty can also be presented by unknown probabilities understood mainly as frequen-
cies [Gaspars-Wieloch, 2019].

The main goal of this article is to present a model of non-financial investment prof-
itability calculation. The model is based on a concept of quantile risk measures and
a real option valuation. Thanks to the Monte Carlo simulation it is possible to obtain
risk measures like Cash Flow at Risk (CFaR), Net Present Value at Risk (NPVaR) or
Expected Shortfall (ES) in relation to Net Present Value (NPV). Value at Risk (VaR)
is used as a border of the worst loss. It does not inform about losses above a specified
level. Expected Shortfall can give us information about the average of worst results.

The contribution of this article is an implementation of Expected Shortfall of Net
Present Value (ES (NPV)) in the process of investment profitability calculation.

Cash Flow at Risk (CFaR), Net Present Value at Risk (NPVaR)

Many factors can have an influence on the final level of cash flows. Their value can-
not be estimated with 100% certainty. That is why there are so many attempts to im-
plement the element of risk and uncertainty into the calculation.

Riskmetrics Group in [RiskMetrics Group, 1999] outlined a conceptual framework
of measurement of market risk in the corporate environment. The five-step process is
a simulation-based approach and consists of:

»  Metric specification,
» Exposure mapping,

Scenario generation,
= Valuation,

» Risk measure computation.

The simulation allows to use a large set of market rate scenarios and generate a dis-
tribution of a future financial result. A variety of risk measures may be obtained from
the distribution.

Risk statistic like Cash Flow at Risk (CFaR) was proposed there.

Definition 1: Cash Flow at Risk (CFaR) is the maximum shortfall of net cash gener-
ated, relative to a specified target, that could be experienced due to the impact of mar-
ket risk on a specified set of exposures, for a specified reporting period and confidence
level [RiskMetrics Group, 1999, p. 34].

Similarly, I would like to propose Net Present Value at Risk (NPVaR) as a risk meas-
ure. This measure is based on uncertain, risky cash flows.
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Definition 2: Net Present Value at Risk (NPVaR) is the maximum shortfall of Net
Present Value generated, relative to a specified target, that could be experienced due
to the impact of market risk on a specified set of exposures, for a specified reporting
period and confidence level.

P(NPV < NPV, - NPVaR) = ), 1)

where:
NPV — Net Present Value (random value) in a given period,
NPVaR — Net Present Value at Risk,
NPV, — the planned Net Present Value in a given period,
o — tolerance level,
1— o¢ — confidence level.
Definition 3: Net Present Value at Risk (NPVaR) — the level of NPV for a given

tolerance level.
P(NPV £-NPVaR)=« )

Therefore, risk can be presented in two ways.

Firstly, as the difference between the target NPV and the quantile value of the prob-
ability distribution of NPV — it will be relative to the target risk measure, Figure 1. The
target NPV could be the value expected by investors, or NPV calculated in a traditional
way without a simulation process, or mean of the NPV distribution (it is assumed that
this value illustrates the basic variant). Then the definition of NPVaR is analogous to the
definition of VaR understood as the maximum decrease in value.

Figure 1 Relative to target risk measure

—«— Target NPV

Tolerance level ﬂllll“l III"II
B

Probability density

A NPV
Calculated risk = B- A
Source: adopted from [RiskMetrics Group, 1999, p. 29].
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Assuming a normal distribution of NPV, NPVaR can be represented as the difference:
NPVaR = u - z(o) * G, (3)

where:

W — average of NPV,

z(0r) — number of standard deviation units in relation to the given tolerance level,
0 — standard deviation.

For example, when for a 5% tolerance level z(ot) is 1.65, it means that 95% of pos-
sible NPVs is in the range from (1-1.650) to oo.

NPVaR is a semivariance approach, because we are interested in how much the
NPV may turn out to be less (and not greater) than the mean (base) value.

Formula 3 also makes it possible to formulate a rule supporting decision making,.

Decision rule 1: The investment project may be accepted for implementation when
NPVaR, being the difference between the mean value and the standard deviation, is
greater than zero.

Secondly, the risk can be presented as a quantile of the probability distribution of
NPV, constituting the so-called absolute risk measure, Figure 2. In this case, NPVaR
(NPVaR®"*) will be a measure of the minimum level of NPV for a given tolerance level.
It will show that the probability of getting lower value than NPVaR 5% in a given time
period will be less than 5%.

Figure 2 Absolute risk measure

Tolerance level a—S%_I‘i | | ‘ ‘ ‘ |

NPVaR

Probability density

hlu.. ;
N

PV

Source: adopted from [RiskMerics Group, 1999, p. 29].

In other words, NPVaR is a value at which o of possible NPV levels is lower and
(1 — o) greater than this value.
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Decision rule 2: The project may be accepted for implementation when, for a given
tolerance level, NPV will be greater than 0.

Expected Shortfall (ES)

Having probability distribution we get risk measures like standard deviation and
quantile value. Standard deviation shows how much variation or dispersion exists from
the average (mean), or expected value. Quantile value that represents Value at Risk shows
that for a certain tolerance level (for example ot = 0.05) there is 5% chance that the re-
ceived value of NPV will be lower than the value indicated by the quantile value. Value
at Risk measure “provides no handle on the extent of losses that might be suffered be-
yond the threshold amount indicated by this measure. It is incapable of distinguishing
between situations where losses that are worse may be deemed only a little bit worse,
and those where they could well be overwhelming.” [Rockafellar and Uryasev, 2002].

In the paper it is proposed to use the ES concept to determine the average worst
NPV of an investment project. Figure 3 shows the approximation of the density distri-
bution of the probability of the random variable X = NPV.

Figure 3 Illustration of VaR and ES

224

=2

g3

3 x(® = |VaR
£

L u\lh h‘lg )

Y
E(X|X < x®) = |ES|

\

Source: own work based on [Birbilis and Mitra, 2003].

An alternative measure that does quantify the losses that might be encountered
in the tail is Expected Shortfall, Figure 3.

In order to illustrate the concept of ES, assumptions and basic definitions will be
presented.
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Let:
X — real-valued random variable X on a probability space (Q, A, P),
E[...] — expectation with respect to P,

o =(0,1) — tolerance level that presents the sample of the worst calculation results (the
Worst scenarios).

Indicator function:

1, a€A,

4
0, agA. @

lA(a)zlAz{

Definition 4 (Quantiles)
For random variable X:
Xy = iy (X)=inf{x€eR: P[X <x]>a} is the lower a-quantile of X,
X =49X)=inf{xeR: P[X <x]>a} isthe upper 0-quantile of X.  (5)

The x-notation is used if the dependence on X is evident, otherwise the g -notion
is relevant.
Note that

x“ =sup{xeR: P[X <x]<al.

From {xeR:P[X <x|>a}lc{xeR:P[X <x]>a}
it is clear that x,, < x'*.
Moreover
Kigy = x“ if and only if P[X <x]= o for at most one x (6)

and in case x, <x“

(%> ¥). P[X=2“]>0,

{xeR:a=P[X <x]}=
* ¥ [x(a), x(a)], P[X:x(“)]:().

7)

VaR™ can be defined as the smallest value such that the probability of the absolute
loss being at most this value is at least (1-a) [Acerbi and Tasche, 2002].
Definition 5 (VaR)

VaR™ =VaR” (X)=—x" = 9-0)(—=X) is the VaR at level a of X, where:
XN X)=sup{x|P[X < x] < ot}
Guooy V) =sup{x eR: F, (x) < 1-ot}
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F,(x)=P(Y <x)
Y=-X (8)

Definition 6 (Expected Shortfall)
Let X be a real integrable random variable on some probability space (€2, A, P)
and o €(0,1) be fixed. Then

ES(“)(X):—é(E[Xl{ }_x(m(p[xgx(a)]_a)) )

X Sx(m}
Definition of Expected Shortfall at a given o level is a literal mathematical tran-
scription of the concept ,average loss in the worst a cases”.

When X'is a continuous and increasing cumulative distribution, then
P(X < x(a)) =0 and ES“ (X)) is reduced to:

ES(X)= —é(E [X 1{XSX@J =—E(X|X <x)=TCE"“ =TCE® (X), (10)

where TCE (Tail Conditional Expectation) is a notion introduced eatlier by [Artzner,
Delbaen, Eber and Heath, 1999].

Value at Risk seems to be an inefficient risk measure in investment profitability
calculation. It only gives information that for a certain tolerance level there is o chance
that the received value of NPV will be lower than the value indicated by the quantile
value. It says nothing about the possible lower value, which may be a little or a lot worse
than the quantile value. “VaR, in other words, is a sort of best of worst cases scenario
and it therefore systematically underestimates the potential losses associated with the
specified level of probability” [Acerbi, Nordio and Sirtori, 2001]. Expected Shortfall,
unlike VaR, is in general subadditive and therefore it is a coherent risk measure in the
sense of [Artzner et al., 1999].

The proposed model of calculation of investment profitability

In the manuscript a model of investment profitability calculation based on NPVaR,
ES (NPV) and real options is proposed. The method used is the Monte Carlo simula-
tion, the investment profitability measure — NPV. This measure is a random variable,
it is the sum of discounted cash flows, which are also random variables. The discount

rate was assumed to be constant over the lifetime of the project. The risk is captured
in NPV distribution.
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Figure 4 The proposed model of calculation of investment profitability

Analysis Analysis of enterprise Analysis of enterprise
of macroeconomic factors environment investment capacity

) i
P

- Factors influencing cash flows Discount rate

Do investment
needs exist?

no
Y
Monte Carlo simulation Continuing current
- operations
NPV distribution
NPVaR, l <

ES(NPV)
for given tolerance
level no yes no
—¥
\ yes

Can we use them?

Islevel of NPVaR, ES(NPV)
acceptable?

Option
valuation

4—'—}

E(X|X <x(@)
+ option value >0?

3‘

Source: own study.
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NPV calculations ignore an investor’s ability to modify his behavior in response
to incoming information. In the situation when investment conditions are constantly
changing it is possible that the calculation based on NPV formula can turn out to be
insufficient and inadequate to new circumstances [Bieliski, 2004]. If it is possible, it
is worthy to supplement investment analysis with a real option valuation.

Options capture the ability of an enterprise to take specific actions when investment
conditions change. The change in operating conditions, as opposed to the NPVaR or ES
(NPV) calculation, may be caused by factors unknown at present. However, this does
not mean a failure of the project, because the real option (if it exists at all) has a value
that may exceed a possible negative NPV, thus providing an argument in favor of the
investment. Real options can therefore be treated as a response to the uncertainty of
investment implementation conditions.

The proposed investment profitability calculation model can be divided into sev-
eral stages:

Stage 1: This is the stage preceding the decision to make a potential investment.
It consists of the analysis of the company’s strengths and weaknesses, its opportunities
and threats from the closer and further environment.

The analysis of hitherto sales markets and expansion opportunities is conducted. It
is closely related to the demand for a given product, as well as to the existence of com-
petition in a given industry. Activities performed within this stage, which appear in the
proposed model as an introduction to further stages, can be classified as continuous
monitoring of the company’s market situation. In a situation of increased demand for
the company’s products, the bankruptcy of a competitor, or other factors favoring the
development of a given enterprise, a natural consequence is to increase the volume of
production. Being competitive on the market means offering better-quality products
or reducing production costs, which is often associated with the purchase of modern
machines, devices, and a technological line.

On the other hand, the company’s ability to make investments is also important.
The current degree of indebtedness of an enterprise may make it difficult to obtain
a loan to finance investments or to service the debrt at a later date.

The company’s infrastructure is also a significant factor. Real estate, fixed assets
and the state of their wear and tear are determinants that affect the effectiveness of the
goals pursued by the enterprise.

Many factors influence the determination of the investment capacity of enterprises.
Apart from the “countable” ones, the human factor cannot be underestimated — a quali-
fied managerial staff and its ability to take on new challenges.

Stage 2: Investment profitability calculation is based on cash flows. Therefore, it is
important to identify key factors that influence their level. Risk factors are those that
significantly affect the final level of cash flows and, at the same time, those whose fu-
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ture values cannot be forecasted, with a certain amount of accuracy, based on forecasts

and models. They are also factors whose values can change over time. Factors that af-

fect the final profitability of an investment project can be divided according to their

source of origin, namely:

= Macroeconomic factors (e.g. interest rate, exchange rate, inflation rate)

»  And factors specific for a given industry and enterprise (e.g. prices of raw materi-
als, sales markets, competition, product price, sales level).

At this stage, the discounting rate needed for the calculation of present value of fu-
ture cash flows is also determined.

Stage 3: Construction of a mathematical model illustrating the relationships be-
tween the variables that have a significant impact on the final value of cash flows. Pro-
forma statements like balance sheet, income statement, cash flow statement, financing
plan, depreciation plan, working capital demand etc. are used here. There is a close re-
lationship between the components of individual statements. A change in the value of
one item entails changes in the others, which may have a significant impact on the fi-
nal level of cash flows and, consequently, on the NPV. Pro forma reports will present
the relationship between the measured value and the risk factors included in the indi-
vidual market scenarios of the simulation.

Cash flow is a kind of portfolio of factors, whose values should not be taken with
100% certainty. The exact future level of sales or the currency exchange rate affecting the
profitability of export sales is unknown. However, the model can be used to determine
the level of export sales and also the level of exchange rate to make the activity profitable.

The use of one predicted value, which forms the basis for the calculation of subse-
quent values, is by definition erroneous. From the point of view of conscious accept-
ance of risk as a factor influencing the company’s operations, the following approach
seems to be more appropriate:

« Identifying the key risk-generating factors affecting the final level of cash flows

(Stage 2),

» Determining the probability distribution of these factors (Stage 3),
»  Performing the simulation process (Stage 4),
= Analysis of obtained results (Stage 5).

Adopting an appropriate probability distribution of factors influencing the level
of cash flows is not an easy task, but the basis of this approach is the assumption that
value distribution will always be better than a single value.

When historical data is available, the distribution and parameters of the values of
past variables can be used, or an analogy can be used and a distribution of past observed
variables analogous to the analyzed values can be applied. In the absence of historical
data, distributions of variables can be based on subjective estimates made by manag-
ers, e.g. [ Wisniewski, 2000]:
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+ Having three values of the variable (the most probable, minimum and maximum)
it is possible to adjust the triangular distribution,

» Having two parameters of a variable without a predefined dominant value, a uni-
form distribution can be assumed,

» Having two or more levels of the input variable and the corresponding probabili-
ties, a discrete or interval distribution can be used.

Another difficulty at this stage is determining the relationships between the rand-
omized input parameters. Simple correlation coefficients are assumed. However, in the
case of the implementation of one variable in time — autocorrelation coefficients. Auto-
correlation of variables means that their increase (decrease) above (below) the average
level in the earlier period increases (decreases) the chances that in the next period the
values of these variables will also be higher (lower) than the average. The assumption
of autocorrelation will increase the risk of the project by more frequent occurrence of
values lying on the same side of the probability distribution.

Stage 4: Simulation of the final result, which, for the purposes of the investment
profitability study, is NPV. From the probability distributions of risky factors (defined
in Stage 3), values are randomly selected and are the basis for NPV calculation. As a re-
sult, NPV probability distribution is obtained.

Stage 5: Analysis of the obtained results. As a result of the simulation, not only one
possible value is received, but the entire range of possible values with the associated
probabilities of occurrence. In case the risk measures: NPVaR and ES (NPV) are ac-
ceptable, a decision can be made to implement the project. If not, go to Stage 6, where
the potential options inherent in the investment project are analyzed.

Stage 6: Analysis of potential real options inherent in the investment project. It
may happen that, despite receiving a negative NPV, it is beneficial to decide to imple-
ment a given project for strategic reasons. The currently implemented investment pro-
ject may only be an introduction to a greater expansion of the company on the market.

Of course, it should be emphasized that obtaining a positive NPV does not mean
resigning from using a possible option inherent in the project. The proposed model
(Figure 4) presents a diagram of how to proceed in a situation where the option would
only cover the loss on the base project. The main goal was to present the application
of the new risk measure based on the value at risk (Expected Shortfall) in the process
of investment profitability calculation. A more advanced variant of the model could
indicate the NPVaR extended by the value of real options, the so-called VaR of the Ex-
panded Net Present Value (ENPV), as well as the Expected Shortfall of ENPV.

The proposed model should be treated as a supplement to the calculation of NPV
in a traditional way. Thanks to the simulation process information about the potential
risk of not gaining NPV calculated without the use of simulation is received. The model
is based on the analysis of the risk associated with the implementation of a given invest-
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ment project. It somehow requires an in-depth analysis of the factors affecting the level
of cash flows. As a result of the simulation many possible NPVs, due to the shaping of
scenarios of individual variables affecting the profitability of the project, are obtained.

Therefore, it can be assumed that each investment project is unique, and the pro-
posed model is only intended to indicate the approach to the risk analysis of the project.

In the proposed model, attention is paid to estimating cash flows, analyzing factors
that affect the level of cash flows, and the relationships (correlations) between them.
The focus is mainly on factors influencing cash flows, and not on premature determi-
nation of the level of risk associated with the receipt of individual cash flows. Rather,
it is better to analyze the individual variables in depth and separate each single variable
that is potentially a risk carrier into prime factors, than to plan the cash flows by giv-
ing oneself a kind of consent to the margin of error, blaming it for the existence of risk.
The use of simulation is, one could say, a natural way of presenting risk, because it is
not possible for a human being to think about all variable configurations simultane-
ously and draw a final conclusion from it. An analysis without simulation will always
be a coarse analysis, which by definition does not take into account many possible com-
binations of variables. Obtaining the final result in the form of a distribution is there-
fore a certain form of presenting all scenarios of events that can occur on the basis of
the assumptions of the model.

Usually, depending on the design of the model, the Monte Carlo simulation, like
the scenario analysis, does not take into account the effects of diversification of projects
within the company and investors’ investment portfolios. It focuses only on the indi-
vidual risk of the project. When a project is assessed separately and its highly uncertain
earnings are not correlated with earnings from other enterprise assets, then the project
may not be as risky in terms of enterprise risk or market risk. In a situation where the
revenues from the project are negatively correlated with the revenues from other assets
of the enterprise, then such a project may reduce the risk of the enterprise. Also, when
project revenues are not positively correlated with the stock market, even then share-
holders with a well-diversified portfolio do not have to worry that a project with highly
volatile revenues is risky [Brigham and Gapenski, 2000].

Conclusions

The presented model of calculation of investment project profitability, based on
projected cash flows, quantile risk measures and a real option valuation is a good esti-
mate of the value of an investment project due to the fact that:

»  Monte Carlo simulation, is based on many possible values of factors (and not only on
single values) that affect the level of cash flows. In [Yousefi, Yakhchali, Saparauskas
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and Kiani, 2018] it is underlined that Monte Carlo simulation can be used for solv-

ing complex problems like path dependency, non-linearity, multiple risk factors,

interdependencies, fat tails etc.

«  The level of risk related to the implementation of a given project is also received
after taking into account many possible scenarios.

» Quantile risk measures illustrate, on the one hand, the so-called value at risk
(NPVaR), and on the other hand, specify what the average worst result of the in-
vestment profitability calculation, i.e. ES (NPV), may be, calculated on the basis
of the model assumptions. ES (NPV) seems to be a more accurate risk measure.
NPVaR only estimates the probability of occurrence of losses above a specific level.
It does not give information about the left-hand tail of the distribution. It does
not measure the loss beyond NPVaR. At the same time it must be stated that in the
proposed model normal distribution was assumed. In other case, the risk will be
underestimated. That is why ES is the appropriate measure to get a better estimate
of tail risk [Yousefi et al., 2018].

« It takes into account the value of flexibility (real option) inherent in a given invest-
ment project. The simulation models generally incorporate a “normal business”
strategy. Should unforeseen events occur, the simulation results will no longer be
reliable. And at this point, a need arises for the valuation of additional possibilities
(options) of the company’s activity, which would complement the process of evalu-
ation of the investments profitability [Brealey and Myers, 1999].

» The model is consistent with the superior goal of the company (maximization mar-
ket value).

Due to the interdisciplinary nature of issues related to investments, the main goal
of the paper was to present a model of an investment project profitability calculation.
The aim of the study was not to propose a specific method of forecasting economic
values, indicate the best method of real options valuation or a new risk measure crea-
tion. The attention was paid to ES (NPV) as a measure of fulfillment of the most un-
favorable scenarios.

“Risk measurement has changed and we now have many good risk measures
to choose from: coherent measures, quantile risk measures or transforming risk meas-
ures. In a sense, we currently have too many risk measures available, and it is not (usu-
ally) possible to judge which of these measures would be the best: even the best measure
of risk depends on the assumptions made in the model and, in addition, possibly also
on the context. Any search for the only “best” measure — the only one that is good for
all external circumstances must be viewed as ineffective and practitioners will also be

pragmatic. De gustibus non disputandum est” [Trzpiot, 2008, p. 139].
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