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Abstract

The difference between the result of managerial calculations and reality can be largely
attributed to uncertainty. In the case of discounted payback period (DPP), it concerns
uncertain capital expenditures, positive cash flows, and discount rates. To resolve this
problem the intervals of possible values instead of uncertain point values should be regarded.
This idea is projected in defining the significant points of the input parameters for the DPP
calculation from which the significant points of the fuzzy payback period (FPP) in the sense
of triangular fuzzy numbers (TFN) are derived. For the TFN ranking, the weighted method is
used. The FPP numerical formula thus becomes flexible in terms of the possibility of
expressing faith in the incidence rate of the input data. The existing literature omits to regard
negative weights for positive and/or negative cash flows in the FPP calculation. In the
application, the relations are applied to the quantification of the FPP interval of possible
values, by means of which the investment plan for the modernization of the lignite power
plant is evaluated.
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Introduction

Management practice uses several methods to decide on investing in a long-term business
plan. Some of them are based on a one-criterion evaluation of economic efficiency. The most
significant representatives include net present value, internal rate of return, and discounted
payback period. When it comes to the input components of these criteria, they are often
associated with uncertainty, which usually has two main sources, the vagueness of the rules
and external circumstances beyond the decision-maker. [1]

1 Research Subject

The aim of this article is to show how uncertainty stemming from uncontrollable
circumstances can be dealt with, at least partially. For example, the discounted payback
period (DPP) determined in a conventional manner e.g. in [2] will almost certainly differ from
the actual payback period. This is because the calculation is based on a mathematical model
of vague notions that the farther or riskier a project's cash flow (CF;) is, the less significant
value is today. [3] This is because today's money has a bigger value than the same amount
expected in the future. However, most of the difference between the DPP calculation result
and reality is due to uncertainty associated with ignorance of the exact future capital
expenditure points (CFy), CF; and discount rate (7). There is a greater chance of estimating the



intervals in which the respective point values of the indeterminate variables will be located
than correctly estimating the point values themselves. It follows that we will be more
successful in estimating the result of the criterion calculation if we use the intervals of
possible values instead of indefinite point values. [4]

The article presented builds on this idea and further develops it, inspired by the works of
Kahraman [5] and Banerjee and Roy [6]. For the purposes of calculating the discounted
payback period (DPP), the “conventional” relationship valid for the point values CFo, CFj,
and r is first reformulated to the relationship valid for the intervals of possible values CFo,
CFiandr.

Within the calculus of intervals represented by their significant points CFo, CF; and r, the
significant points of the fuzzy discounted return (FPP) interval are derived. This procedure is
demonstrated in the evaluation of the perspective of the investment plan for the modernization
of a conventional lignite power plant by the FPP criterion. The fuzzy return criterion is
calculated for a specific implementation in the given regional conditions.

The contribution of the article is a new perspective of using the ranking function for ranking
the triangular fuzzy numbers according to Chiu and Park [7], which is based on the weight
parameter w, the value of which is determined by the evaluator. This allows him/her, based on
currently available information, knowledge, and experience, to evaluate the input data flexibly
and thus enter into an otherwise “mechanical” computational process. The method presented
in this way is meaningful for practice and user-friendly.

2 Literature Review

The investment in the project is characterized by an initial capital expenditure with the
subsequent assumption of its gradual return. Mari¢ et al. [8] provide an overview of several
static and dynamic methods designed for the economic evaluation of projects. Bhandari [9]
and others in their work prove that static methods do not achieve as good results as dynamic
methods. The basic dynamic methods of investment evaluation include payback period (DPP),
net present value (NPV), and internal rate of return (IRR). There is a relationship between
them [8]. Shinoda [10] encourages companies to select the evaluation methods that are most
appropriate and accurate for determining the return on investment given the size of the
project.

From a theoretical point of view, Bhandari [9] dealt with the discounted payback method.
This is the first period in which the accumulated value of net discounted cash flows equals or
exceeds the capital investment. The DPP result is compared with the maximum allowable
payback period or other criteria, such as the economic life of the project. Bhandari [9]
compared this method with other investment evaluation methods. He then presented
arguments about its advantages, which are the simplicity of the method, easy calculation, the
ability to measure the profitability of the investment, liquidity determination of the
investment, and risk reflection. The DPP criterion is widely used in many areas. For example,
return on investment in photovoltaic power plants [11], return on investment in various
ecological investment projects focused on building heating (insulation, low-energy buildings,
biomass boilers, solar thermal systems, and heat pumps) [12], return on investment in
agriculture in poultry farming and dairy production [13].

The use of multicriteria analyzes has been shown to be very effective in determining DPP
investment [14]. Fuzzy arithmetic has a place in multicriteria evaluation [15]. Dick [16]
introduces a comprehensive fuzzy approach as a new topic of computational intelligence. All
research in the field of complex fuzzy systems has so far focused on conjunction, disjunction,
and negation operators. In this approach, Pythagorean fuzzy sets are extended by the terms



anti-membership and anti-non-membership to the already known terms membership and non-
membership.

Fuzzy payback period (FPP) is an extension of the concept of the payback method for real
cash flows [17]. The construction of the real cash flows generated by the project requires an
estimate of future revenues and costs, which depends on many parameters such as the size of
inflation, the interest rate, etc. [18]. These variables are uncertain in nature and, unless reliable
information on their probability occurs, statistical methods are not appropriate to estimate
them. If the source of uncertainty is incomplete information, it is possible to represent the
values of variables using fuzzy numbers, which can be interpreted as fuzzy subsets of a set of
real numbers satisfying some other conditions. Fuzzy numbers make it possible to model
improbability phenomena in a simple way. [19]

Ratiu et al. [20] show that the fuzzy approach is able to capture uncertainty in the
development of cash flow and interest rates. Its advantage is the ability to consider both
financial and non-financial indicators; it allows, for example, to combine risk dimension,
financial return, and non-financial factors [21]. In terms of determining the risk of an
investment project, it is possible to use a fuzzy approach to evaluate quantitative and
qualitative characteristics through the interpretation of input parameters by fuzzy sets. In this
case, the fuzzy approach can function as a decision-making system that assesses whether the
risk concern of a given project is justified or not. [22]

Vijayakumar et al. [23] compiled a ranking of evaluation criteria for investment projects. For
the overall evaluation of the project, it is good to consider the NPV, DPP, investment size,
cost and profitability, and time to make a profit. For the final evaluation of projects, they used
a fuzzy approach, which processed the point results of the above criteria and quantities. Sergi
et al. [24] propose fuzzy extensions for the most used capital budgeting techniques. It is an
extension of NPV methods, equivalent uniform annual value, and benefit-cost ratio (B / C) to
interval evaluation of investments using interval-valued Fermatean fuzzy sets and algebraic
and aggregation operations.

Briozzo et al. [25] dealt with the modeling of missing data using a fuzzy approach and, for the
purposes of applying traditional methods for project evaluation, including the DPP method,
analyzed its use. They add that using the fuzzy approach has many advantages. The fuzzy
method contributes additional information to the result obtained by the traditional method.
The fuzzy method can be applied as a complex method for determining and estimating all
input quantities and for individual evaluation of individual components separately, as shown
by Ak et al. [26] when evaluating the investment in the wastewater treatment system.

Banda [27] applied a fuzzy payback period to evaluate investment in mining projects and to
evaluate mining methods. The financial and technological aspects of individual project
variants were evaluated. Kahraman et al. [28] dealt with the implementation of fuzzy logic
into other methods used to evaluate investment projects, including FPP. In [29], Kahraman
focused on software development, which includes, among other things, a function for
evaluating an investment project using FPP. Computational software capable of synthesizing
the results of dynamic methods NPV, IRR, cost-benefit ratio and DPP was designed and
developed by Samartkit and Pullteap [30]. Fuzzy approach was subsequently used to evaluate
the level of probability of the rate of return and the payback period of the investment project.

3 Methodology

The discounted payback period method (DPP) considers the time needed to cover the initial
investment costs of the project. The calculation of the DPP considers the time value of money,
and thus makes it possible to provide a more objective result with regard to the time and risk



factor than the calculation of the undiscounted return. In the following, let us denote Cy as the
investment expense, CF; as the net return generated by the investment for the period i and r as
the discount rate of the project. If CF; > 0 then:

m,CF(1+1)"t>CF,, (1)

where m represents the return horizon considering the time value of money. According to the
DPP criterion, the investment is realized when discounted payback period is shorter than its
economic lifetime.

In the case of uncertain values CFo, CF; and r, we substitute into (1) for CFy, CF; and r the
symbols of the triples of real numbers CFy = (CFo, CFo, CFo,), CF; = (CFy, CF;, CF;;) and
r=(r, r, r;), composed of significant points of intervals of possible uncertain values. Left
index /, respectively the right index 7 in the respective trio indicates the smallest, respectively
the largest element of the set of values. The middle number indicates the value of the most
common or unexpected element - it is a number whose value we estimate under the standard
approach in risk conditions.

For the Triangular Fuzzy Number (TFN) generally represented by the three parameters
A = (ay, a, ar), for which a;< a < a,applies, and defining the payback period it holds (2):

o CF® N\ & CF®
Z (1 4+ rrO)i Z (1 + ri»)i
i=1 i=1

(2)
> ((CFZ(O) = CFy())y + CFy(0) , (CFy0) = CF3(0))y + CF3(0)),

where CFo) represents the k-th parameter of the triangular fuzzy number CFo, CF/®) is the
left representation of the triangular fuzzy CF;, CF/" is the right representation of the
triangular fuzzy CF;, ¥ is the right representation of the discount rate, 70 is the left
representation of the discount rate.

If the discount rate varies across periods, then for (1+7")" and (1+7/%) it holds (3):
Mooy (14+7597), s, (14 759) 3)

There are a few methods for ranking Triangular Fuzzy Numbers (TFNs), for example, Jain
[31], Chiu and Park [7], Kaufmann & Gupta [32], and others.

Methods can take different ranking results and most of them require complex mathematical
calculations. Chiu and Park [7] present a weighted method for ranking Triangular Fuzzy
Numbers with parameters (as, a, a,) as follows (4):

(al+a+ar

) + wa, @)

where w € (0,1) is the value determined by the nature and size of the value a. Another

ranking method that does not require complex mathematical calculations is the graded means
method (5):

(al+4a+ar) (5)
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which Shanmugasundari & Ganesan [33] used to solve the fuzzy transportation problem.



4 Data

The data of the investment plan for the modernization of a conventional lignite power plant
consisting of the implementation of PtG technology were obtained from the article by Straka
[34]. Based on the knowledge of technological parameters and production possibilities of the
future installation of PtG technology (Power to gas), the author estimates the annual cash flow
(CF), which is captured in Table 1.

To carry out the process of so-called methanation (splitting into methane) of emitted CO»
Straka in [34] estimates electricity consumption for one year at 56,134 MWh, while the
current price of IMWh on the market is around 131 € (at the time of the investment
calculation in 2021). The author estimates the water consumption for the methanation process
due to the supply of hydrogen at 4,806.5 m® at an average price of 3.5 € / m>. The fixed
operating costs of the entire facility are estimated at € 430,500. The total annual expenditure
is calculated at € 7,800,877.

The author calculates annual revenues from the operation of the facility as follows: sales of
produced oxygen due to the production possibilities of the technology are estimated at
€ 12,819,384, sales of methane at € 1,551,184, sales of waste heat the author estimates at
€ 645,227. Recycling of waste CO» reduces its emissions into the atmosphere, which results in
a reduction in the cost of obtaining emission allowances. The price of the emission allowance
per 1 ton of CO> emitted was at the level of € 25 at the time of the investment calculation.
Due to the amount of recycled CO», this represents a saving of € 146,905. The budgeted value
of the annual cash flow is € 7,361,823.

Tab. 1: Estimation of cash flows

Item Amount € / unit € / year

Electricity consumption 56,134 MWh 131 €/ MWh 7,353,554.00 €
Water consumption 4,806.5 m* 3.5€/m 16,823.00 €
Fixed operating costs 430,500 € 430,500.00 €
Total expenditure 7,800.,877.00 €
Oxygen sales 8,546,256 kg 1.5€/kg 12,819,384.00 €
Sales of methane 1,666,625 kg = | o0\ rwh NG 1,551,184.00 €

23,152 MWh CH4 T

Sales of waste heat 11,731 MWh 55 €/ MWh 645,227.00 €
Saving CO2 emission | 5 g76 50 ko 25 €/ ton of CO; 146,905.00 €
allowances

Total revenue 15,162.,700.00 €
Annual cash flow 7,361,823.00 €

Source: Own processing based on Straka [34]

Capital expenditures for the implementation of PtG technology are estimated at € 21,525,000.
A detailed breakdown of investment items is given in Table 2.
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Tab. 2: Breakdown of capital expenditures

Investment item Price (€) Note

3 alkaline electrolyzers of 3.56 MW, a total of 10.68 MW | 12,390,000.00 | 1,180 € / kW
2 medium pressure gas tanks (O> and H») 2,940,000.00 | 490 €/ kg
Methanation reactor 2,478,000.00 | 20 % ALE*
CO> capture unit 2,478,000.00 | 20 % ALE*
Other and unforeseen expenses 1,239,000.00 | 10 % ALE*
Total investment costs 21,525,000.00 €

*Purchase price of alkaline electrolyzer
Source: Own processing based on Straka [34]

Straka [34] used the conventional approach to calculate the discounted payback period of 3.8
years at a discount rate of 8% and 5.1 years at a discount rate of 15%. Given the estimated
lifetime of the project since its commissioning, the results of the return show a promising
investment.

As part of the evaluation of the project, Straka [34] admitted the occurrence of risk and
projected it into two different values of discount rates. Further on, we will deviate from the
author's conventional approach and consider the occurrence of factors that are inherently
uncertain, and their impact on the return result may be significant. Uncertainty in the fossil
fuel market (N1), uncertainty on the part of the EU towards conventional power plants
(emission allowance prices, fines, taxes) (N2), uncertainty about energy market prices (N3),
uncertainty in product gas prices (N4) and/or uncertainty in technology acquisition prices
(N5). These uncertain factors are reflected in the uncertain values of CF, capital expenditures,
and project discount rate.

The logic of reflecting the effects of uncertainty on the evaluation criterion is directly offered
at the time of the ongoing “energy revolution”. Let us consider the rapid development of
energy market prices, caused by societal pressure to increase the carbon neutrality of EU
Member States and the transition to fully renewable energy sources [35], which is currently
stimulated by the Russian-Ukrainian war [36], the turbulent development of prices in the
market for technologies, energy, building materials or services, driven by pandemic
restrictions and the slowdown in efforts to curb mining earlier. [37]

Uncertainty factors N1-N5 have an impact on the uncertainty of the project input data, which
can in fact be projected in the intervals of possible values of the input investment CF, annual
cash flow CF; generated for the lifetime of the project and discount rate r as CFo = (CFo, CFo,
CFo,), CF; = (CFy, CFi, CFyy) and r = (71, r, rr), where index 0, respectively /, indicates the
period of capital expenditures in year 0, respectively, the period of positive cash flows. Left
index /, respectively the right index r, indicates the smallest, respectively, the largest element
of the set. The middle number indicates the value of the most common or most expected
element (the value we estimate under the standard risk approach).

Table 3 shows the intervals of possible CFo values, annual CF; and r identical for the
expected lifetime of the investment.

Tab. 3: Intervals of limit values of uncertain variables

Uncertain variable | CFo in thousands € Annual CF; in thousands € | Annual r in %
Range of possible | (-25,502; -21,252; (5,889, 7,361, 8,833) (8; 11.5; 15)
values -17,001)

Source: Own




The range of possible values of the interval CFy and CF; was determined by a deviation of +/-
20% from the budgeted value, see Tables 1 and 2, the range of possible values of the interval
r is defined by the minimum and maximum rate r reflected in the standard DPP calculation.

The minimum lifetime of the investment, resulting from the forecast for coal mining in the
Eurozone, is estimated at 9 years if the investment is put into operation in 2022. [38] The
estimate was made based on data representing the development of fuel coal production in
thousands of tons in the period 2012-2020 in the Euro area region of 19 countries. The trend
of this development and its future approximation is shown in Figure 1.

Euro area - 19 countries
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Source: Own processing based on [38]
Fig. 1: Development of mining in the Euro region of 19 countries

5 Results

In accordance with the methodology in part 2 and according to (4), we use the classification
method to sort the Triangular Fuzzy Numbers (TFN) according to Chiu & Park [7].

In case that of w = 0.2 for positive and negative CF (Table 3) we get (in thousands €):
X, = (—(25,502 + 21,252 + 17,001)/3) + 0.2(—21,252) = —25,500

TEN. — 1,472y + 5,889 —1,472y + 8,833
17 115-0.035 ° 1.08 +0.035

= (5,281; 6,602; 7,923)

X, = 7,922

Due to the identical interval of annual CF’s across the project lifetime, the interval of possible
values of TFN;, hence the fuzzy value X;, where i = 1... m, and m represents the year of the
project in which the investment is repaid, is the same. In this case, m = 3.21

The result of the method is a dependent variable of the subjective choice of weight w. Given
that investment flows tend to have a different nature of “certainty” than the income flows
generated by the investment, this is considered in the following such that wo > wcr, where
index 0, respectively, CF, is the weight of capital expenditure, respectively of a positive cash
flow. We base on the findings of proven practice that projected capital expenditures are a
safer flow than projected revenue flows. In the case where wo = wcr, respectively, wo < wcr,
expresses the evaluator neutral attitude to the occurrence of CFy and CFj, respectively, the
evaluator tends to believe in a higher value of the occurrence of future positive flows
compared to negative flows.

Consider the turbulent period 2021/2022, within which the uncertainties N1-N5 can be
identified. As a result, the evaluator chooses wo = 0.5 and wcr = 0. Then
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Xo = (—(25,502 + 21,252 + 17,001)/3) + 0.5(—21,252) = —31,878,

1,472y+5,889 —1,472y+8,833
TEN, = 1.153—/0.035 ’ 1.08:/0.035 = (5,281; 6,602; 7,923),

X, = 6,602.

In this case m = 4.82.

Table 4 presents the results of m when wo = 0.5 for Xo = -31,878 and wcri = 0, 0.1, 0.2, 0.3,
0.4 and 0.5 to calculate X; from the range of possible TFN; values.

Tab. 4: Fuzzy discounted payback period of the project in the number of years m depending
on the weight w for the calculation of X; from the range of possible values TFN;

WCFi Xi m

0.0 6,602 4.82
0.1 7,262 4.39
0.2 7,922 4.02
0.3 8,582 3.71
0.4 9,244 3.45
0.5 9,903 3.22

Source: Own

6 Discussion

The contribution at the theoretical and practical level shows how it is possible to, at least
partially, cope with circumstances that cannot be described in a conventional way. Under
certain circumstances, the DPP determined by the deterministic relation (1) may differ
significantly from the actual payback period. Therefore, relation (1) valid for point values
CFy, CF; and r was reformulated to relation valid for intervals of possible values CFo, CF;and
r and defined by TFN relation (2). The weighted method according to Chiu & Park [7] was
used for TFN ranking. The reason for choosing the Chiu & Park’s method is the possibility of
choosing the weight w, which allows the evaluator to express his / her subjective opinion
about the occurrence of the middle cash flow “a” of the interval.

The result of the FPP investment is a dependent of a weight change w. With the evaluator's
equivalent expectation of positive and negative flows (for w = 0.2 and 0.5), the payback
period is 3.2 years (the same fuzzy return is calculated according to (5)). In comparison with
the results according to Straka [34] it is a return of 7 months, respectively almost 2 years
shorter (depending on the choice of the minimum or maximum discounted rate considered by
the author).

The approach of equal access to investment and income flows is contradicted by Kothari et al.
[39]. Based on empirical data, about 50,000 observations for the period 1972-1997 they
analyzed the relative contributions of current R&D investments and long-term, tangible assets
investments to future revenue variability. The conclusions showed that both types of
investment generate future benefits that are more uncertain compared to investment
expenditures, with the benefits of R&D investment being less certain than the benefits of
investing in long-term, tangible assets.

Reflecting the greater uncertainty about future revenues compared to capital expenditures and
considering several specific uncertainties N related to the task, the weight of the average
investment expenditure “a” was further set at 0.5. The positive mean flow “a” in line with the
expectations associated with the greater uncertainty was evaluated with a weight less than 0.5
(wcri =0, 0.1, 0.2, 0.3, 0.4). Under these conditions, the fuzzy payback period FPP = (3.45,



4.14, 4.82) years, where the middle number can be interpreted as the subjectively most
expected value of the payback period. Given the estimated lifespan of the investment of
9 years, this is a very promising project.

At wer = 0, fuzzy X; is equal to the arithmetic mean of the CF limits. A weight w > 0
indicates a higher expectation of the occurrence of the mean value “a” with an impact on the
fuzzy intake X; towards the right limit value or exceeding it. The same applies to the behavior
of fuzzy expenditures Xy - with the increased w the expenditures grow in the direction to the
left of the mean value “a”.

Using the weighted ranking method assumes a positive w. Negative value of w would have
the opposite effect on Xo and Xi, but not on the FPP result. The strategy of “weighing”
negative and positive flows in the same direction (with a “+” or “-” sign) is unsustainable
from a practical point of view. The nature of the sign w for a given type of flow and its
magnitude has to be primarily given by the evaluator's reasonable belief in the occurrence of
the most promising value “a”.

In our case, when wo = 0.5 and wcr; = 0, 0.1, 0.2, 0.3, 0.4 and 0.5, the choice of the positive
sign type for both flows can be justified as follows: due to the identified uncertainties, both
investment costs, especially technology acquisition prices, and income flows, mainly due to
rising electricity and heat prices, may increase.

The ranking method with weighs determining the most promising middle value of the CF of
the project allows the decision maker to flexibly evaluate the input data according to currently
available information, according to his/her knowledge and experience under identified
uncertainties related to a particular task.

The current literature considers only positive w € (0, 1) for positive and negative flows for
the purposes of FPP calculation, thus not considering the possibility of negative weights for
flows for which a decrease compared to the mean value “a” can be expected.

Conclusion

In the world of economics and management, most decision-making problems are
characterized as a complex process for which complete information is often not available. The
result is usually the difference between the results of the numerical criteria on which the
decision-makers rely and the reality. This is largely due to the uncertainty associated with not
knowing the exact point input values of the managerial or financial criterion. This fact is
circumvented in the article by the fact that instead of uncertain point values we start from the
intervals of possible input values. Methodologically, this idea is solved by defining significant
points of intervals CFo, CF; and r and significant points of discounted payback interval (DPP)
derived from them. Triangular Fuzzy number for calculating fuzzy discounted payback period
(FPP) is defined, which is a parameter for evaluating an investment plan of lignite power
plant modernization.

For the TFN ranking, a weighted method was used, based on the weight w, which evaluates
the mean value of the interval. This allows the evaluator to reflect its own subjective opinion
about the occurrence of the middle value of flows. The numerical formula for FPP thus
becomes flexible in terms of the possibility of expressing faith in the incidence rate of input
data, depending on the currently available information, knowledge, and experience of the
evaluator within identified uncertainties related to a particular task. The current literature does
not consider negative weights for the subjective evaluation of the mean values of positive
and/or negative cash flows, which can cause significant inaccuracies in the outcome in
confrontation with reality.
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The results of the calculation answer the question of whether the payback period of the project
with respect to the expected lifetime of the investment is a promising project. Given the
FPP = (3.45, 4.14, 4.82) years, where the middle number is interpreted as the subjectively
most expected value of return and the estimated lifespan of the investment is 9 years, it is
possible to judge so.

Literature

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

BALOI, D.; PRICE, A. D. F.: Modelling global risk factors affecting construction cost
performance. International Journal of Project Management. 2003, Vol. 21, Issue 4,
pp- 261-269. ISSN 0263-7863. DOI: 10.1016/S0263-7863(02)00017-0

MENTARI, D.; DARYANTO, W. M.: Capital budgeting model and sensitivity analysis
of the project feasibility in Vietnam for the period of 2019-2037. International Journal

of Business, Economics and Law. [online]. 2018, Vol. 17, Issue 2, pp. 21-28.
ISSN 2289-1552. Available from WWW: https://repository.ipmi.ac.id/43/

CHEN, W.; WEIL, L.; LI, Y.: Fuzzy multicycle manufacturing / remanufacturing
production decisions considering inflation and the time value of money. Journal
of Cleaner Production. 2018, Vol. 198, pp. 1494-1502. ISSN 0959-6526.
DOI: 10.1016/j.jclepro.2018.07.004

ASLAM, M.; KHAN, N.: A new variable control chart using neutrosophic interval
method-an application to automobile industry. Journal of Intelligent & Fuzzy Systems:
Applications in Engineering and Technology. 2019, Vol. 36, Issue 3, pp. 2615-2623.
ISSN 1064-1246. DOI: 10.3233/JIFS-181767

KAHRAMAN, C.: Capital Budgeting Techniques Using Discounted Fuzzy Cash Flows.
In: Ruan, D.; Kacprzyk, J.; Fedrizzi, M. (eds.), Soft Computing for Risk Evaluation and
Management. 2001, Vol. 76 of Studies in Fuzziness and Soft Computing book series.
Physica, Heidelberg. DOI: 10.1007/978-3-7908-1814-7 19

BANERIJEE, S.; ROY, T. K.: Arithmetic Operations on Generalized Trapezoidal Fuzzy
Number and its Applications. Turkish Journal of Fuzzy Systems. [online]. 2012, Vol. 3,
Issue 1, pp. 1644. eISSN 1309-1190. Available from WWW:
https://www.researchgate.net/publication/273382708 _Arithmetic_Operations_on_Gener
alized_Trapezoidal Fuzzy Number and_its_Applications

CHIU, Ch.-Y.; PARK, Ch. S.: Fuzzy Cash Flow Analysis Using Present Worth
Criterion. The Engineering Economist. 1994, Vol. 39, Issue 2, pp. 113—138. ISSN 0013-
791X. DOI: 10.1080/00137919408903117

MARIC, B.; CIRIC, I.; MITROVIC, V.; ROVCANIN, M.: Functional correlations
between the efficiency indicators of investments. African Journal of Business
Management. 2011, Vol. 5, Issue 7, pp. 2979-2984. ISSN 1993-8233.
DOI: 10.5897/AJBM10.1478. Available from WWW:
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.867.1263&rep=repl &type=

pdf

BHANDARI, S. B.: Discounted Payback Period-Some Extensions. Journal of Business
and Behavioral Sciences. [online]. 2009, Vol. 21, Issue 1, pp. 28-38. ISSN 1099-5374.
Available from WWW:
https://www.researchgate.net/publication/228645884 DISCOUNTED PAYBACK PE

RIOD-SOME_EXTENSIONS




[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

SHINODA, T.: Capital Budgeting Management Practices in Japan — A Focus on the
Use of Capital Budgeting Methods. Economic Journal of Hokkaido University. [online].
2010, Vol. 39, pp. 39-50. ISSN 0916-4650. Available from WWW:
https://eprints.lib.hokudai.ac.jp/dspace/bitstream/2115/44167/1/EJHU_39 39.pdf

LI, H. X.; ZHANG, Y.; LI, Y.; HUANG, J.; COSTIN, G.; ZHANG, P.: Exploring
payback-year based feed-in tariff mechanisms in Australia. Energy Policy. 2021, Vol.
150. ISSN 0301-4215. DOI: 10.1016/j.enpol.2021.112133

KARASEK, J.; PAVLICA, J.: Green Investment Scheme: Experience and results in the
Czech Republic. Energy Policy. 2016, Vol. 90, pp. 121-130. ISSN 0301-4215.
DOI: 10.1016/j.enpol.2015.12.020

KRUGER, S. D.; CECCATTO, L.; MAZZIONI, S.; Di DOMENICO, D.; PETRI, S.
M.: Comparative Analysis of Economic and Financial Viability of Agricultural
Activities and Dairy. Revista Ambiente Contabil. 2017, Vol. 9, Issue 1, pp. 37-55.
eISSN 2176-9036.

FOULADGAR, M. M.; YAZDANI-CHAMZINI, A.; ZAVADSKAS, E. K.

YAKHCHALI S. H.; GHASEMPOURABADI, M. H.: Project Portfolio Selection

Using Fuzzy AHP and VIKOR Techniques. Transformations in Business & Economics.

[online]. 2012, Vol. 11, Issue 1, pp. 213-231. ISSN 1648-4460. Available from WWW:

https://www.researchgate.net/publication/285748376 Project portfolio selection using
fuzzy AHP and VIKOR techniques

PIEGAT, A.; PLUCINSKI, M.: Inclusion principle of fuzzy arithmetic results. Journal
of Intelligent & Fuzzy Systems: Applications in Engineering and Technology. 2022,
Vol. 42, Issue 6, pp. 4987-4998. ISSN 1064-1246. DOI: 10.3233/JIFS-210980

DICK, S.: On Complex Fuzzy S-Implications. /[EEE Transactions on Emerging Topics
in Computational Intelligence. 2022, Vol. 6, Issue 2, pp. 409—415. eISSN 2471-285X.
DOLI: 10.1109/TETCI1.2020.3038160

VALLEDEPAZ, J. R.: Generalized Fuzzy Payback Period. In: Callaos, N.; Ferrer, J.;
Hashimoto, S.; Lesso, W.; Zinn, C. D. (eds.), Proceedings of The 17" World Multi-
Conference on Systemics, Cybernetics and Informatics (WMSCI). [online]. International
Institute of Informatics and Systemics, Orlando, Florida, 2013. Available from WWW:
https://www.iiis.org/CDs2013/CD2013SCI/SCI_2013/PapersPdf/SAS552RM.pdf

JUSCIUS, V.; BOGATOVA, J.; DRASKOVIC, M.: Evaluation Framework
of Seaports’ Competitiveness Increasing Projects. Montenegrin Journal of Economics.
2020, Vol. 16, Issue 2, pp. 49-58. ISSN 1800-5845. DOI: 10.14254/1800-
5845/2020.16-2.4

WANG, L.; QIN, K.: Incomplete Fuzzy Soft Sets and Their Application to Decision-
Making.  Symmetry. 2019, Vol. 11, Issue 4. ISSN  2073-8994.
DOI: 10.3390/sym11040535

RATIU, L-G.; CARSTEA, C.-G.; PEARSICA, M.; PATRASCU, N.; DAVID, N,
DAMIAN, D.; PATRASCU, L.: Fuzzy investment analysis methods and techniques. In:
Mastorakis, N. E.; Poulos, M.; Mladenov, V.; Bojkovic, Z.; Simian, D.; Kartalopoulos,
S. (eds.), Proceedings of the 10" WSEAS international conference on Mathematical
methods, computational techniques and intelligent systems. Corfu, Greece, 2008,
pp. 176—-181. ISBN 978-960-474-012-3.




[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

ABDEL-KADER, M. G.; DUGDALE, D.: Evaluating Investments in Advanced
Manufacturing Technology: A Fuzzy Set Theory Approach. The British Accounting
Review. 2001, Vol. 33, Issue 4, pp. 455-489. ISSN 0890-83809.
DOI: 10.1006/bare.2001.0177

GLUSHENKO, S.; DOLJENKO, A.: CucremMa HEYETKOTO MOJIEIMPOBAHUS PHUCKOB
MHBECTULMOHHO-CTPOUTENBHBIX TPoekToB. (Fuzzy Modeling of Risks in Investment and
Construction Projects). husnec-Ungopmamurxa (Business Informatics). [online]. 2015,
Vol. 32, Issue 2, pp. 48—58. Russian version ISSN 1998-0663 (print), ISSN 2587-8166
(online). Available from WWW: https://bijournal.hse.ru/en/2015--
2%20(32)%20/151574564.html

VIJAYAKUMAR, S. R.; SURESH, P.; SASIKUMAR, K.; PASUPATHI, K.
YUVARAJ, T.; VELMURUGAN, D.: Evaluation and selection of projects using hybrid
MCDM technique under fuzzy environment based on financial factors. Materials
Today: Proceedings. 2022, Vol. 60, Issue 3, pp. 1347-1352. ISSN 2214-7853.
DOI: 10.1016/j.matpr.2021.10.138

SERGI, D.; SARI, 1. U.; SENAPATI, T.: Extension of capital budgeting techniques
using interval-valued Fermatean fuzzy sets. Journal of Intelligent & Fuzzy Systems:

Applications in Engineering and Technology. 2022, Vol. 42, Issue 1, pp. 365-376.
ISSN 1064-1246. DOI: 10.3233/JIFS-219196

BRIOZZO, A.; PESCE, G.; VILLARREAL, F.. Evaluacion de proyectos con
herramientas borrosas. Analisis de casos, (Project Evaluation with Fuzzy Tools. Case
Analysis). Cuadernos Del CIMBAGE. [online]. 2011, Vol. 13, pp. 25-53. ISSN 1666-
5112. Available from WWW:
https://www.researchgate.net/publication/266605820 Evaluacion de proyectos con he
rramientas _borrosas Analisis de casos

AK, M.; KENTEL, E.; KUCUKALI, S.: A fuzzy logic tool to evaluate low-head
hydropower technologies at the outlet of wastewater treatment plants. Renewable and
Sustainable Energy Reviews. 2017, Vol. 68, Issue 1, pp. 727-737. ISSN 1364-0321.
DOI: 10.1016/j.rser.2016.10.010

BANDA, W.: A Fuzzy Techno-Financial Methodology for Selecting an Optimal
Mining Method. Natural Resources Research. 2020, Vol. 29, pp. 3047-3067.
ISSN 1520-7439. DOI: 10.1007/s11053-020-09631-5

KAHRAMAN, C.; RUAN, D.; TOLGA, E.: Capital budgeting techniques using
discounted fuzzy versus probabilistic cash flows. Information Sciences. 2002, Vol. 142,
Issues 14, pp. 57-76. ISSN 0020-0255. DOI: 10.1016/S0020-0255(02)00157-3

KAHRAMAN, C.; BOZDAG, C. E.: Fuzzy Investment Analysis Using Capital
Budgeting and Dynamic Programming Techniques. In: Chen, S.-H.; Wang, P. P. (eds.),
Computational Intelligence in Economics and Finance. Part of the book series:
Advanced Information Processing (AIP). Springer, Berlin, Heidelberg, 2004, pp. 93—
128.  Print ISBN  978-3-642-07902-3.  Online ISBN  978-3-662-06373-6.
DOI: 10.1007/978-3-662-06373-6_3

SAMARTKIT, P.; PULLTEAP, S.: A design of decision making-assisted software
using fuzzy logic technique: a case study of solar cell investment project. Electrical
Engineering. 2019, Vol. 101, pp. 213-223. ISSN 0948-7921. DOI: 10.1007/s00202-
019-00770-4




[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

JAIN, R.: Decisionmaking in the Presence of Fuzzy Variables. /IEEE Transactions on
Systems, Man, and Cybernetics. 1976, Vol. SMC-6, Issue 10, pp. 698—703. ISSN 0018-
9472. DOI: 10.1109/tsmc.1976.4309421

KAUFMANN, A.; GUPTA, M. M.: Fuzzy Mathematical Models in Engineering and
Management Science. Elsevier Science Inc., New York, USA, 1988. ISBN 978-0-444-
70501-3.

SHANMUGASUNDARI, M.; GANESAN, K.: A Novel Approach for the fuzzy
optimal solution of Fuzzy Transportation Problem. [International Journal of
Engineering Research and Applications (IJERA). [online]. 2013, Vol. 3, Issue 1,
pp. 1416-1424. ISSN 2248-9622. Available from WWW:
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.415.508 &rep=rep | &type=p

df

STRAKA P.: A comprehensive study of Power-to-Gas technology: Technical
implementations overview, economic assessments, methanation plant as auxiliary
operation of lignite-fired power station. Journal of Cleaner Production. 2021, Vol. 311.
ISSN 0959-6526. DOI: 10.1016/j.jclepro.2021.127642

CHEN, W.; XIONG, S.; CHEN, Q.: Characterizing the dynamic evolutionary behavior
of multivariate price movement fluctuation in the carbon-fuel energy markets system
from complex network perspective. Energy. 2022, Vol. 239, Issue A. ISSN 0360-5442.
DOI: 10.1016/j.energy.2021.121896

LIADZE, I.; MACCHIARELLI, C.; MORTIMER-LEE, P.; JUANINO, P. S.: The
Economic Costs of the Russia-Ukraine Conflict. [online]. National Institute of
Economic and Social Research (NIESR), London, 2022. Available from WWW:
https://www.niesr.ac.uk/publications/economic-costs-russia-ukraine-
conflict?type=policy-papers

RAFATY, R.; SRIVASTAYV, S.; HOOPS, B.: Revoking coal mining permits: an
economic and legal analysis. Climate policy. 2020, Vol. 20, Issue 8, pp. 980-996.
ISSN 1469-3062. DOI: 10.1080/14693062.2020.1719809

EUROSTAT: Supply, transformation and consumption of solid fossil fuels. [online].
2021. [accessed 2021-06-10]. Available from WWW:
https://ec.europa.eu/eurostat/web/products-datasets/-/nrg_cb_sff

KOTHARLI, S. P.; LAGUERRE, T. E.; LEONE, A. J.: Capitalization versus Expensing:
Evidence on the Uncertainty of Future Earnings from Capital Expenditures versus R&D
Outlays. Review of Accounting Studies. 2002, Vol. 7, pp. 355-382. ISSN 1380-6653.
DOI: 10.1023/A:1020764227390

Ing. Simona Haskova, Ph.D.; Ing. Jiti Kucera; Ing. Rébert Kuchar, Ph.D.

31



32

Fuzzy DOBA NAVRATNOSTI INVESTICE DO MODERNIZACE PRODUKCNI SITE

Rozdil mezi vysledkem manazerského propoctu a skutecnosti 1ze do velké miry pfi¢ist na
vrub neurcitosti. V piipadé diskontované doby navratnosti (DPP) mize jit o nejisté vstupy na
urovni investi¢nich vydaju, cash flow a diskontni sazby. S timto se lze ¢aste¢né vyrovnat tim,
7e misto neur¢itych bodovych hodnot se vychazi z intervalti moznych hodnot. Metodologicky
je toto feSeno definovanim vyznamnych bodl vstupnich parametrii pro vypocet DPP a z nich
odvozenych vyznamnych bodt intervalu fuzzy doby navratnosti (FPP) ve smyslu
trojuhelnikovych fuzzy cisel (TFN). Pro klasifikaci TFN je pouzita vaZzend metoda. Pocetni
formule FPP se tim stava flexibilni z hlediska vyjadieni viry v miru incidence vstupnich dat
v zavislosti na aktualné dostupnych informacich, znalostech a zkuSenostech hodnotitele.
Dosavadni literatura tento aspekt pomiji. Prakticky jsou dané vztahy aplikovany na vycisleni
intervalového odhadu FPP, ktery je parametrem pro zhodnoceni investi¢niho zaméru
modernizace hnédouhelné elektrarny.

UNSCHARFE AMORTISATIONSZEIT DER INVESTITION IN DIE MODERNISIERUNG DES
PRODUKTIONSNETZWERKS

Der Unterschied zwischen dem Ergebnis einer Managementkalkulation und der Realitét ist
groBtenteils auf Unsicherheit zuriickzufiihren. Im Fall von diskontierten Amortisationszeiten
(DPPs) konnen dies unsichere Investitionsausgaben, Cashflows und Abzinsungssétze sein.
Dies kann teilweise kompensiert werden, indem anstelle von unbestimmten Punktwerten
Intervalle moglicher Werte ausgedriickt werden. Methodisch wird dies gelost, indem die
signifikanten Punkte der Eingangswerte fiir die DPP-Berechnung und die signifikanten
Punkte des daraus abgeleiteten Fuzzy-Return-Intervalls (FPP) im Sinne von dreieckigen
Fuzzy-Zahlen (TFN) definiert werden. Zur Klassifizierung von TFN wird ein bewdihrtes
Verfahren verwendet. Die FPP-Berechnung wird somit flexibel dank der Moglichkeit, die
Rate im Auftreten von Eingabedaten auszudriicken. Die vorhandene Literatur vernachlédssigt
diesen Aspekt. In der Praxis werden diese Beziehungen zur Quantifizierung der FPP-
Intervallschdtzung verwendet, die den Investitionsplan fiir die Modernisierung des
Braunkohlekraftwerks bewertet.

ROZMYTA STOPU ZWROTU INWESTYCJI W MODERNIZACIJE SIECI PRODUKCYJNEJ

Réznica miedzy wynikiem obliczen menedzerskich a rzeczywistoscig wynika w duzej mierze
z niepewnosci. W przypadku zdyskontowanego okresu zwrotu (DPP) moga to by¢ niepewne
dane wejsciowe dotyczace nakladow inwestycyjnych, przeptywdw pienieznych i1 stopy
dyskontowej. Mozna to cze$ciowo skompensowaé, bazujac na przedzialach mozliwych
wartosci zamiast na niepewnych wartosciach punktowych. Metodologicznie jest to
rozwigzywane poprzez zdefiniowanie waznych punktéw wartosci wejsciowych do obliczenia
DPP oraz wyprowadzonych z nich waznych punktéw przedziatu rozmytej stopy zwrotu (FPP)
w sensie trojkatnych liczb rozmytych (TFN). Do klasyfikacji TFN stosuje si¢ metode wazona.
Formuta obliczeniowa FPP staje si¢ w ten sposob elastyczna pod wzgledem mozliwosci
wyrazenia wiary w czestos¢ wystepowania danych wejsciowych zaleznie od aktualnie
dostepnych informacji, wiedzy i doswiadczen oceniajacego. Istniejgca literatura pomija ten
aspekt. W praktyce zaleznosci te sg stosowane do ilosciowego oszacowania okresu FPP, ktory
jest parametrem shuzacym do oceny przedsiewziecia inwestycyjnego modernizacji elektrowni
na wegiel brunatny.



