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Abstract. This article is devoted to the development of an economic and mathematical model for evaluating the
effectiveness of startup projects in of ecology, based on simulation modeling. Startups are small companies that
build their business on the latest innovative ideas using modern information technologies and are characterized by
high risk.

Simulation modeling is a method of analyzing and synthesizing complex systems that is used when traditional
mathematical research methods are impossible or ineffective. It is interesting to study the risk in simulation modeling.
The paper considers two investment projects in the ecology. The study is conducted on the basis of net present value and
internal profitability. Vectors of N random numbers with a uniform distribution law and interval boundary points are
generated. The calculation was performed in the Mathcad program. The risk ratio for the projects under consideration
is calculated. A histogram of the NPV distribution is plotted. As a result of a qualitative analysis, the project factors that
are most at risk were identified. The rating of project factors is determined.

The development of an investment project is based on certain principles, and the analysis of project risks plays an
important role. The current economic situation is characterized by instability, which must be taken into account in the
process of making competent investment and design decisions.

However, for an adequate risk assessment, it is necessary to have a sufficient amount of data, which is sometimes
impossible to obtain. If physical data is difficult or impossible to obtain, they are replaced with values obtained during
the simulation experiment.

The novelty of the work is the definition of the risk coefficient as a ratio of expected values: unfavorable and favorable
deviations of indicators from the predicted level. The paper finds risk coefficients for two of the studied ecoprojects.
Qualitative analysis was performed in EXCEL, namely the sensitivity of the NPV to project risk factors.

The model can be used by both investors and entrepreneurs.

Key words: net present value; risk factor; simulation; discounting; qualitative analysis.

Anortanisi. CTaTTs IpUCBsIYEHA PO3POOII CKOHOMIKO-MATEMaTHIHOT MOJIEI OI[IHKHM €(DEeKTHBHOCTI CTapTaIl-IIPOEKTIB
y chepi exosorii Ha OCHOBI iMiTaIiTHOTO MOefOBanHs. CTapTamy — II¢ HEBEJIMKI KOMITaHil, siki OyIyroTh CBiil Oi3HeC
Ha HOBITHIX IHHOBAIIHUX 1JIesIX 3 BUKOPHCTAHHSIM Cy4acHHX 1H(OpPMAIIMHUX TEXHOJOTH Ta XapaKTepU3yHThCs
BHCOKUM PU3HUKOM.
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ImiTanifiHe MOJIETIOBaHHS — [Ie METOJI aHAJII3y 1 CHHTE3Y CKIIaJHUX CUCTEM, SIKUI BAKOPHCTOBYETHCS, KOJIU TPAAUIIHHI
MareMaTu4Hi METOAM JOCII/PKEHHSI HEeMOXJIMBI a00 HeeexTHBHI. LlikaBUM € TOCIIPKeHHS] PU3KKY B IMiTalliiHOMY
MOJIEITFOBaHHI.

VY poboTi po3mISTHYTO JiBa 1HBECTHIIIHHI MPOEKTH y cdepi exosorii. J{oCHimKeHHsT MPOBOAMIOCA HA OCHOBI YHCTOT
MIPUBEICHOT BApTOCTI Ta BHYTPILIHBOI NPUOYTKOBOCTI. [ eHepytoThCst BeKTOpH 3 N BUITQJIKOBUX YHCEI 3 PIBHOMIPHUM
3aKOHOM PO3IOJIUTYy Ta IPAaHUYHUMHU TOYKaMH iHTepBasly. Po3paxyHok mpoBeneHo B nporpami Mathcad. Po3paxosa-
HO Koe(IIIEHT PU3MKY Ul PO3NIISTHYTHX MpoekTiB. [ToOynoBano ricrorpamy posnoaity NPV. B pesyibrari sikicHoro
aHaizy Oy BUsIBIIEHI (DaKTOPH NPOEKTY, HAHOLIBII CXUIIbHI 10 PU3UKY. BU3HAY€HO peHTHHT YMHHUKIB TIPOEKTY.
Po3poOka iHBECTUIIIHHOTO MPOEKTY 0a3yeThCs HAa MEBHUX NMPUHILMIIAX, [IPU LOMY BaXKJIMBY POJIb Bijirpae aHaii3
MPOEKTHUX pr3uKiB. CyyacHa eKOHOMIYHA CHTYallisl XapaKTePU3YEThCsl HECTAOUIBHICTIO, 1110 HEOOXITHO BPaxoBYBaTH
B IIPOLIECI IPUUHSTTS TPAMOTHHUX 1HBECTHLIHHO-TIPOEKTHUX PillICHb.

OpHaK /IS a[ICKBATHOI OLIHKU PU3UKY HEOOXIJHO MaTh JOCTATHIO KUIBKICTh NAHHMX, OTPUMATH SIKi ICKOJIU HEMOXKITHU-
BO. SIkmo (i3nyHi JaHi OTpUMaTH BaKKO a00 HEMOXKIIMBO, 1X 3aMIiHIOIOTH BEJIMUMHAMM, 110 Oy/IM OTpHMaHIi Iij| 4ac
IMITaliHHOTO EKCIICPUMEHTY.

HoBu3zHo0 poboTu € Bu3HauYeHHsI KOe(DILiEHTY PU3UKY SIK CITIBBIJJHOLICHHS CIIOIBAHUX BEJIWYMH — HECHPHUSTIIMBUX
1 CIPUSITIIMBUX BIIIXWJIEHb OKA3HUKIB BijI IPOrHO30BAHOIO PiBHA. Y pO0OTI 3HAWAEHO KOE]ILIEHTH PUNKY JJISI ABOX
JIOCITIZPKYBaHUX €KOITPOEKTIB.

SxicHmii anainiz OyB nposenenuii B nporpami EXCEL. AnanizyBanach uymimBicts NPV 10 YHHHUKIB ITPOEKTY, CXHUJIIb-

HUX JI0 PU3UKY.

Monenb Moke OyTH BUKOPHUCTaHA SIK IHBECTOPaMH, TaK 1 MiANPUEMISIMU.
KoarouoBi cioBa: uncra npuBeneHa BapTicTh; KOe(Il€HT PHU3MKY; IMITallliiHEe MOJEIIOBAHHS; JMCKOHTYBAaHHS;

SIKICHUM aHai3.

PROBLEM STATEMENT AND ANALYSIS
OF THE LITERATURE

One of the methods for evaluating the effectiveness
of an investment is simulation modeling. Simulation
modeling is one of the most common methods of analyzing
economic systems.

When solving firm management problems,
the following methods are most often used: simulation
modeling (29%); linear programming (21%); network
planning and management methods (14%); inventory
management theory (12%); nonlinear programming
(8%); dynamic programming (4%); integer programming
(3%); queue theory (queuing systems) (3%); others (6%).

The issues of evaluating the effectiveness of startups
are not sufficiently developed, and it is not always
possible to use classical analytical methods, especially
for problems with uncertainty. Issues of research
of innovative development of enterprises were dealt with
by such scientists as: Takha, Hemdi A. [1], Onikienko,
S. V. [2], Yastremska, O. M. [3].

Methods designed to analyze the effectiveness
of startup projects have been studied in a significant
number of literature sources [4-7]. In previous works [8],
economic and mathematical models constructed using
fuzzy sets are worked out, in which fuzzy variables are
constructed that reflect uncertainty. Scientific research on
the development of economic and mathematical models
for analyzing the effectiveness of startups in ecology in
conditions of uncertainty requires some improvement.

THE AIM OF THE STUDY

This section examines the possibilities of using
the tools of economic and mathematical modeling in

the course of making investment and design decisions
in conditions of uncertainty. The aim of the study is to
identify the main characteristics of uncertainty in order to
adapt classical methods of risk analysis to it.

METHODS, OBJECT AND SUBJECT
OF RESEARCH

Let’s consider a methodology for assessing the risk
of an investment ecoproject using simulation analysis.
Simulation refers to conducting tests on a computer
with mathematical models of real systems. Simulation
modeling is based on game theory and is a series
of numerical experiments that can be used to obtain
an empirical estimate of the degree of influence of various
factors on some results that depend on them.

Simulation modeling performs an empirical
assessment of the degree of influence of the initial values
on the results that depend on them. Numerical values
of stochastic parameters for each experiment are taken
as random numbers from confidence ranges of values.
Confidence range is the range limited by the optimistic
and pessimistic value of the parameter.

The simulation method includes the following
four consecutive steps: primary information analysis;
influencing factors identification; significant factors
selection; determining the base value and range of changes
for each selected factor.

We will conduct a project study based on net present
value and internal profitability. Net present value NPV
is the difference between the present cash income
and the amount of initial expenses (1):

" CF,
NPV = -1 L
+;(l+r)"
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Where
CF =[Q (B ~V,)-F-A](1-T)+ 4

0O, — quantity of products sold; P, — unit price; V, — unit
costs.

The net flow of payments includes profit from
production activities and depreciation charges as income,
and investments in capital construction, reproduction
of fixed assets that are disposed of during the production
period, as well as the creation and accumulation
of working capital as expenses. .

The discount multiplier G 75r  recalculates
the NPV value after k years. The discount rate is one
of the most important tools that allows conducting
an expert examination of the project, taking into account
the risk present in it, as well as comparing various
investment projects.

Since the NPV includes random factors, the NPV is also
a random variable. Then you need to find its mathematical
expectation M (NPV'))and standard deviation o, . Let’s
denote: X - is the NPV value, and p is the implementation
probability. Then we determine the mathematical
expectation of the NPV by the formula:

M (NPV)=Xx.p:;
D(NPV)=3x%p, - (M (NPV));

s(NPV)=[D(NPV)

In this paper, a sensitivity analysis is performed,
consistently changing variables with respect to
the baseline level of all risk variables. Sensitivity
analysis has significant drawbacks. For example, the NPV’
of investment projects is always sensitive to changes in

Table 1. Calculation of key parameters
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variable costs and sales prices. However, if the company
has signed a contract for the supply of a fixed volume
of goods at a fixed price, this project can be quite safe.

That is, the NPV depends not only on changes in
the values of input variables but also on the interval
of probable values of these variables, which is determined
by their probabilistic distribution.

In practice, all variables affect project results
simultaneously, impairing or improving the resulting
net present value of the project. Therefore, the next
step in risk analysis is to analyze scenarios, which,
based on the forecast of the probability of occurrence
of the basic, pessimistic or optimistic scenario, will show
the possibility of implementing this project.

The scenario approach associated with the development
of project development options is already a multi-factor
analysis that takes into account the interdependence of risk
factors. It is important that the initial information about
uncertainty factors can be converted into information
about the possibility of implementing each scenario. In this
case, the sum of the probability for all the proposed options
should be equal to one.

The project management process is aimed at reducing
the possibility of risky losses of the project during
implementation, which is impossible without additional
costs. The consequence of this is an increase in the cost
of the project as a whole.

The study presents the main methods of project
risk analysis, adapts classical methods of risk analysis
to conditions of uncertainty, analyzes the possibilities
of applying a number of non-traditional approaches to
risk analysis and methods of economic and mathematical
modeling for non-stationary conditions.

The first project The second project
Minimum Maximum Minimum Maximum
Costs per unit (V) UAH 320 500 400 600
Number of sold products (Q) pieces 240 500 400 600
Price per unit (P) UAH 480 720 480 720
Initial investment (I) UAH 10000 20000
Fixed costs (F) UAH 1000 2000
Amortization (A) UAH 500 500
Discount rate (r) 0,1 0,1
Taxes (T), % 60 60
Project implementation period, years 5 5
Table 2. The results of the calculation
The first project The second project
max (NPV) UAH 268700 225300
min (NPV) UAH -15740 -108300
Mathematical expectation NPV UAH 93060 54480
Standard deviation NPV UAH 56870 70990
Investment project risk 0,051 0,221
CV 0,611 1.303
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THE MAIN MATERIAL AND DISCUSSION
OF THE RESULTS

The firm is considering two investment projects
for the production of ecoroducts A and B, respectively.
Table 1 sets the key parameters for calculating investment
projects. Key project parameters and limits of their
changes are defined (table 1).

We generate vectors from N random numbers
that have a uniform distribution law, in which b
and a are the boundary points of the interval (a <b),
using the Mathcad runif program function (m, a, b). N is
the number of imitations.

Vi = runif (N,V,, Vi )3

> " min> " max

P, = runif (N, P,,,P,..);

>~ min> * max

Qk = runlf‘(N, Qm,‘na Qmax);
Ik :I’I,{}’lif(N ! U ),

CF=[Q (R -V,)-F-A](1-T)+4 (2
NPV, = pv(r,n,~(CF))—1,; 3)

Determine

R1 = max (NPV') - min (NPV) 4)

S1=Yif (NPV, <0, NPV,,0) $2="Yif (NPV, >0, NPV,,0)
k k

Let’s calculate the risk coefficient (K,,), determined
by the formula:

[Si]

RS

The risk coefficient generally shows the ratio
ofexpected values of unfavorable and favorable deviations
of indicators from the predicted level. For our projects
K, = 0,003, K, =0,134.

Let’s analyze the results obtained (Table 2). In our
case, the risk ratio (Krisk) for the first project is less. The
calculation results are shown in Table 2.

The risk ratio values can vary from zero to infinity.
That is, when there is almost no risk, the value of the risk
ratio approaches zero; the greater the risk value, the greater
the risk ratio.

To assign the resulting level of risk to one of the risk
zones, you can use the risk scale (Table 3).

)

Table 3. Risk gradation

Risk factor Risk gradation
0-0,25 Low risk
0,25-0,75 Medium risk
0,75 and above High risk

Let’s calculate the mathematical expectation
of the NPV: mean(NPV1). Let’s calculate the standard
deviation of the NPV: Stdev(NPV1).

Let’s plot a histogram of the NPV distribution:

H = histogram [%, NPV]]
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Fig. 1. NPV distribution histogram

Since the NPV has a normal distribution, the risk
of an investment project is calculated as follows:

R = pnorm(0, mean Stdev(NPV1))

Analyzing the results in Table 2, we see that
the first option is less risky. Risk of investment projects:
R,=0,047,R,=0,221.

We will use standard methods for calculating the NPV
and find pessimistic, basic, and optimistic scenarios. As
a result of conducting a qualitative analysis in EXCEL,
project factors that are at risk were identified.

Sensitivity analysis is a standard method that consists
of substituting various hypothetical values of critical
parameters into the financial model of the project and then
calculating them. It is assumed that these parameters will
decrease by 10-50% and increase by 10-40%. After that,
the «threshold» beyond which the project will not pay off
is calculated mathematically.

The results of the sensitivity analysis are shown in
Table 4, and the rating factors of the project that affect
the risk and their rating are also determined.

Project analysis suggests that a second project with
a more sensitive NPV is considered riskier (Table 4).

The NPV is calculated for these variables and then
compared with the expected base NPV value. In other
words, the NPV is calculated based on pessimistic,
optimistic, and baseline scenarios (Table 5).

Table 4. Determining the rating of project factors influencing the risk

Variable Change variable, % NPV change, % Place in the ranking Importance for the project
\ 10 50 3 very high
Q 10 37 2 very high
P 10 42 1 average
1 50 21 5 average
F 50 10 4 average
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Table 5. The calculation of NPV for the three scenarios for the first startup

Implementation scenario Changing parameters The value of NPV The probability
P ging p UAH of realization
Pessimistic Decrease in prices and sales volume by 20% 47847,41 0,3
Basic 80599,8 0,6
Optimistic The increase in prices and sales volume by 20% 120630,5 0,1
Table 6. Calculation of NPV for three scenarios for the second startup
. . . The value of NPV The probability
Implementation scenario Changing parameters UAH of realization
Pessimistic Decrease in prices and sales volume by 20% 26626,68 0,3
Basic 53920,34 0,6
Optimistic The increase in prices and sales volume by 20% 87279,27 0,1
Table 7. Indicators of calculations
Indicators of variation Value for the project 1, UAH Value for the project 2, UAH
Mathematical expectation 74777 49068,14
Dispersion 21169 17641,46
Averagelinear deviation 25069,73 20891,45
The standard deviation 36452,15 30376,8

100%

== == Deviation of project factors === Deviation of NPV

Fig. 2. NPV sensitivity to project metrics

The results of scenario analysis can be used to
determine the mathematical expectation of NPV, standard
deviation, and variation.

The degree of influence of critical factors on the final
efficiency can be demonstrated in Figure 2, which reflects
the impact of the sales price, production cost, and physical
sales volume on the result.

Currently, simulation modeling is the basis for
creating new promising managementand decision-making
technologies in the business sector, and the development
of computer technology and software makes this method
increasingly accessible to a wide range of practitioners.
The presented simulation model allows making decisions
on estimating uncertainty. Based on the given simulation
results, it is possible to determine the probability
of the NPV.

CONCLUSIONS

The paper develops an economic and mathematical
model for evaluating the effectiveness of startup projects
in ecology, based on simulation modeling. The analysis
of approaches and methods used to analyze project risks
is carried out.

Two investment projects with different conditions
were considered. The study is conducted on the basis
of net present value and internal profitability. Vectors are
generated for unit costs (V), quantity of products sold
(Q) , and unit prices (P). Vectors consist of N random
numbers with a uniform distribution law and boundary
points of the interval. The calculation was performed in
the Mathcad program. The calculated risk ratio for the first
and second projects. A histogram of the NPV distribution
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is plotted. As a result of a qualitative analysis, the project
factors that are most at risk were identified. The rating
of project factors is determined. NPV is calculated for
these variables and then compared with the expected
base NPV value. In other words, the NPV is calculated
based on pessimistic, optimistic, and baseline scenarios
(Table 5).

The scenario analysis performed is a fairly advanced
tool for assessing the own risk of an investment project,
but it is not without drawbacks. Its limitation lies in
the fact that only a few discrete values of project results
are considered, while in reality these values can be
infinitely many.

Sufficient data should be available for an adequate
risk assessment. If physical data is difficult or impossible
to obtain, they are replaced with values obtained during
the simulation experiment.

All the considered performance indicators
of the investment process are strongly linked. This is
because they are all built on the basis of discounting
the payment flow. However, the investment process that
is better in one indicator will not always be more effective
in other indicators, since the prerequisites and features
of calculating each indicator differ.

Due to differences in estimates of the investment
process, which can be observed when using different
performance indicators, the question arises about

the preference of certain performance meters. The most
common indicator of investment performance is the internal
rate of return, and the next indicator is net present income.
All other investment performance indicators are used
much less frequently. At the same time, it should be noted
that it is advisable to apply both of the above indicators
simultaneously, since the internal rate of return can be
considered as a qualitative indicator that characterizes
the return on a unit of invested capital, and net present
income is an absolute indicator that reflects the scale
of the investment process and the income received.

In this paper, efficiency is evaluated by the value
of the risk factor, which is calculated differently. In
the first case, as a ratio of expected values: unfavorable
and favorable deviations of indicators from the predicted
level. In the second version, standard functions are used.
The calculation results almost coincided. The paper finds
risk coefficients for two of the studied projects.

Further, it is necessary to continue scientific research
on the development of economic and mathematical
models for analyzing the effectiveness of startups in
conditions of uncertainty.

As a result of a qualitative analysis, risk factors were
identified for the project.

The degree of influence of critical factors on the value
of net present value (NPV) is studied. The work can be
useful for scientists and businessmen.
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