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Abstract: The aim of the paper is to point out to the rislalgsis as an integral part of the evaluation anetnic
efficiency of investment projects. Traditional apcbbabilistic approaches of evaluation of projeetficiency are
briefly characterized. The focus is taken on prdlsic tools, specifically on Monte Carlo simulati. Monte Carlo
simulation utilization is demonstrated on a specdkample from the economic practise. Businessegyrder to
maintain their existence and ensure long-term gffecevelopment, must continuously invest intcorestruction and
development of their technological base. Given ttiase investment projects significantly affect thuture
development of the company, it is important to ssgbeir economic effectiveness in terms of prbiiity, liquidity
and risk. Since the current business environmedéigloping dynamically and becomes uncertain, arsilysis shall
receive in this process greater importance.

of internal and external factors affecting casteigts
and cash expenditures of the project during its
economic lifetime.

Risk and uncertainty are taken into account only-no
formalized as another aspect of the evaluation of

1 Introduction

Businesses, in order to maintain their existenag an
ensure long-term effective development, must
continuously invest into reconstruction and develept —
of their technological base. Given that these ituest

projects significantly affect the future developmehthe
company,
effectiveness in terms of profitability, liquidignd risk.

Since the current business environment is devejppin
dynamically and becomes uncertain, risk analysall sh

it is important to assess their economic

investment projects.

Optimism of managers who often underestimate the
probability of an unfavourable development of
individual risk factors affecting the results ofeth
evaluated projects.

receive in this process greater importance. Shortcomings of the traditional approach to the
evaluation of investment projects can be somewhat
2 Approaches to evaluation of investment  Weaken by a sensitivity analysis. The substamieldase

in quality of investment decision making in termk o

projec_t S : . respect of risk and uncertainty can be provided by
The traditional approach to evaluation of investtmen . .
specifically scenariosd an

. . ) . o . robabilistic approaches,
projects Is based on f|na_nC|a| criteria that .th?‘k rand Fs)imulations. Moeﬁe Carlo simulation belongs to thest
uncertainty associated .W't.h the project elth_er dn nsignificant simulation models. It is used when éare
_respecte_d at aII.or only md;regtly. Non-respe_c_tofglsk more risk factors, usually of continuous natures It
is associated with static criteria such as profitgband essence lies in geﬁeration of a large number ofasiss
payback per_lod (.)f the project. In_d|rect mtegratc_nfm.sk (hundreds to ten-thousands) and calculation ofrdaitfor
and uncertainty is associated with dynamic critatiah each scenario
as net presené value, |nddex OL prEsent vglue,nart]arate The main réason for using a Monte Carlo simulaison
of return or discounted payback period. In thisecas e e e
compliance of risk is implemented through a riSlEhe guantification of the probability distributidor the

: : : overall project risk [4],[7]. On the basis of this
B:g{g&jm’ which forms a part of the discount ratehef distribution can be stated the expected value ofept

The following facts can be gisks and how probably this value will be in thaga of

. . i our interest [3], [8].
ihO‘Ir'fizni]smgSsiﬁfgﬁZ[EESr?;zzczp[;Eégsgﬁ because cask flo This method has also some drawbacks. These include

of the investment project under consideration arg:igh labour intensity and complexity especially whe
based on a single, usually the most likely devel etermining the probability distribution of riskctars and

considered a
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respect of their dependence. The greatest defigienc 3.2 Risk analysis of investment project
considered the fact that the key risk factors thiétience Risk analysis using Monte Carlo simulation is azri
the most the results of the risk analysis are dised on out in the Crystal Ball system, which is an extensof
an assessment of the present and past unpredicthiide MS Excel. The output variable is NPV whose base tais
can lead at the simulation to so called tunnellifigct determined by the traditional approach (Table 1).
and thus decrease the sensitivity of the seardewfrisk Risk factors of the project are determined using
factors [2], [6]. sensitivity analysis. They are followed in relatitmthe
NPV at isolated changes of individual input varésbby
3 Application of Monte Carlo simulation of  +10% from their most probable values. Twenty tiiigke
concrete investment project facto_rg _ have bgen considered. The resqlts of the
Risk analysis based on Monte Carlo simulation ig€nsitivity analysis showed that the key risk fexto
applied on the project, which is aimed to expand tHnclude investment expenditures, sales price, nadter
production of sanitary products. Its aim is to seleuch COSts and production volume. o _
production equipment, which enables to achieve tHdncertainty of individual risk factors is displayeding

required production volume and react flexibly taoges the normal distribution (risk factor is productieolume),
of market requirements in production assortment. lognormal distribution (risk factor are investmeststs)
and Beta PERT distribution (risk factors are sgllpmices

and material costs).
The probability distribution of selected risk factaf
e investment project is illustrated in Figure 1.

3.1 Economic evaluation of investment project

Economic evaluation of investment project precede
the risk analysis which is based on the most likel
scenario. It is processed using a financial morkted in
MS Excel. The financial model includes:

- Input datafor determination of cash flows of the
project and monitored financial criteria (such a
investment costs, production volume, selling price
material consumption, energy consumption, repa
and maintenance costs, personnel costs etc.).

— Cash flows of the projeathich take into account
the construction period and the operation period
the production equipment. The construction perio
of the project is set at two months. The economi
lifetime of the project is identified with the
depreciation period of production equipment, i.e
estimated for a period of six years.

- Financial criteria for evaluation of the economic
efficiency of the project are net present valu
(NPV), index of present value (IP) and discounte
payback period (DPB), and criteria for risk
analysis is net present value.

Calculated values of the above mentioned financi

criteria are indicated in Table 1.

Investment costs

A

2800000 3200000 3600000 4000000 4400000 4800000 $200000

Probability

Selling price 6

50.00 5200 5400 $6.00 $8.00 6000

Maternial costs 6

Probability

Probability

Table 1 Financial criteria of the project

Indicator

Unit

Value

NPV

EUR

2,282,80

IP

coefficien

1.6¢

39.00 4000 4100 4200 43.00 4400 4500 4500 4700
|

DPB yeal 3.4¢

Production volume 6

From Table 1 it clearly results that the investmer
project is economically efficient. However, despite
positive values of financial criteria, it is probalthat the
real development of input variables of the investme
project can deviate from the considered most prhebak
values. For this reason a risk analysis of the idensd
investment project processed. 120000 140000 160000 180000

Figure 1 Probability distributions of selected rifdctors

Probability

200,000 220000
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The results of Monte Carlo simulations. The primarglistribution of NPV, statistical characteristics dan
outputs of the Monte Carlo simulations are the pbility  percentiles (Figure 2).

Q Forecast: NPY o § . 3 _ - 3 ) o B8] % :
10,000 Trials Split View 9,899 Displayed
NPV Statistic Forecast values  ~
Trials 10,000
Mean 2,393,748
el 00 Median 2421771
Mode
Standard Deviation 631,887
; 500 Variance 399,281,496.,789
Ui Skewness -0.4304
r Kurtosis 412
400 Coeff. of Variability 0.2640
0.04 - ‘2 T | Minimurn -2,443.210
2 & [Masimum 4,451,846
e 300 S |Mean Std. Error 6319 ~
o —————————— =]
O 003 - Q Percentile Forecast values
o y 0% 2443210
200 10% 1,605,569
002 - 20% 1,898,994
Mean = 2,333,748 jgj g‘zgsggg
Base Case = 2,282,800 100 > o
001 - 50% 2,421,733
60% 2566517
70% ,726,1
Certainty = 53.08% 0 33,/ 39316 :ég
000 5 ‘ - ‘ . 4 . T
%
700,000 1,400,000 2,100,000 2,800,000 3,500,000 4,200,000 193 0% ilgfgii
EUR o
D |2.282,300 Certainty: |59.08 % q |4.451.845

Figure 2 Probability distribution of NPV

Based on the values of statistical characteristics

possible to mention the following conclusions. MealQ sensitivity: Ny o B| X
value of NPV is by EUR 110,948 higher than the NP\
calculated by traditional approach. With the proligiof 70T ontbuton o Variance View
95% the NPV of the project is expected in the rainge SensHiTHEY
EUR (- 2,443,210) to EUR 4,451,846. The probabilit T 2 0 S R O T N0 1%
that the NPV of the project shall exceed the mosiable mesmertcos | | NI
scenario is 59.08%, which means that lower valhas t oo miont
EUR 2,282,800 shall be achieved with a probabiity ‘
100% - 59.08% = 40.92%. NPV probability distributiis s
approximately symmetrical; skew has a negative ejalu Seling price 5 75%
indicating that it is slightly inclined to the Igftowards e [oo% |
lower NPV. Given that the probability distributioof
NPV is approximately symmetrical, variability = "¢ £2% |
characteristics of standard deviation, variance ar| steriscosts3 4%
coefficient of variation represent appropriate nieasof T — 5
risk of the project in relation to the NPV. j
Another important output of the simulation is & "™®®*® 45%
sensitivity graph of NPV (Figure 3). It provides | Production voune3 31%
information about contributions of selected riskt®s t0 | pouuction voume s 0%
the overall risk of the project in relation to thNeV, in
both, graphical and numerical form. REESn Rt -
It is evident from Figure 3 that the most importask Production valume § e}
factor is the investment costs that contributehtorisk of
the project by 36.5%. Another important factor e t
selling price in year 4 of the project operatiorhose
contribution to the risk is 9.0%. The selling prisea risk
factor monitored in time series. Figure 3 Sensitivity of NPV chart
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