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Then, it was analyzed by trend analysis for each variable separately.
Comparative results show that MCDM rankings based on fuzzy set theory are
different from analyzes performed alone. In addition, there is no study in the
literature examining the financial performance of energy companies in
Turkey based on the sustainability index.

1. Introduction

Energy is one of the important elements that contribute to the social and economic
development of a country. Also, energy is one of the important elements that contribute to the
social and economic development of a country. Turkey is one of the countries with the fastest
growth in energy demand in the last 10 years among OECD countries. Oil and natural gas is
outsourced due to the insufficient energy resources in Turkey. This means that Turkey's import
dependency is high for these energies. The requirement for investment in the energy sector in
Turkey until 2023 is expected to exceed 120-130 billion USD [1]. Electricity is an increasingly
preferred energy source in light industry sectors, services and economies built on digital
technology. In addition, the electricity demand in the world has increased twice as much as the
energy need as a result of the increase in the digitalization trend [2]. The energy need required by
the high growth potential and the performances of the companies operating in this sector are
becoming important day by day when these situations are carefully examined.
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Performance is a criterion that can be measured and evaluated in terms of companieses.
Companies that measure performance can determine how much of their goals they have achieved.
Performance measurement in companies can be done in different ways. The most important point
for companies is to measure and evaluate financial performance correctly. Moreover, the most
important basis for the accurate measurement of financial performance is the transparency and
reliability of the data that form the basis of financial performance. Companies can survive in today's
conditions where competition is very intense thanks to accurate financial performance
measurements. Therefore, all companies need financial performance measurement regardless of
the sector. One of the critical points in the measurement is the criteria.

Financial performance criteria can be examined in 3 groups as market-based, accounting-based
and perceptual measures in the study [3]. Perceptual measures, which are the first of these
indicators, are determined subjectively by the survey evaluations of the company. Financial
performance indicators in the literature were examined in 105 studies between 2002 and 2011.
First of all, accounting-based indicators are frequently used in studies because they are objective
and auditable. Studies with partially objective market-based indicators are less common than
accounting-based studies. Finally, the rate of perceptual studies for direct subjective evaluations is
very low [4]. In addition to the objectivity of accounting-based measures, the reason for using
market-based measures is that they include the future expectations of stakeholders for company
stocks [5]. In this study, ROA, ROE, ROS, and Size and FKal, which are accounting-based indicators
with consensus in the literature about profitability objectivity, are taken as financial performance
criteria.

The next step is the method used to measure the performance after the selection of the
financial performance criteria. There is no single criterion that represents performance.
Performance measurement with multiple criteria is a rational solution since the number and
importance of the criteria vary. In this case, Multi-Criteria Decision Making (MCDM) methods for
performance measurement are suitable alternatives for decision makers (DMs) [6]. There is no clear
and satisfactory answer about which MCDM method is better or more appropriate to choose. For
this reason, the method used in the studies is generally preferred with the guidance of the
literature. On the other hand, methods in which financial statements are analyzed separately for
each criterion are also used. In this context, the trend analysis method is among the most widely
used analysis types [7]. The success of the past activities of the enterprise can be seen, as well as
the future situation can be predicted with financial statements analysis. However, the accuracy and
reliability of the information in the financial statements analysis is important to assist company
managers in making the right decisions. Therefore, objective indicators would be appropriate to
use.

The relationship between sustainability reporting and financial performance has been clearly
demonstrated by many studies in the literature. Companies publish detailed information for all
their activities on sustainability in their sustainability reports. Awareness about sustainability has
increased in Turkey over the years with the increase in activities on a global basis. Thus, the
Sustainability Index (XUSRD) was created at Borsa Istanbul. In this study, the sustainability reports
of 4 companies operating in the energy sector in XUSRD between the years 2014-2021 were
examined. In addition, data about the determined criteria were collected.

The purpose of this study is to measure the financial performance of energy companies traded
in XUSRD. This study contributes to the literature in several different ways although there are many
different studies in the literature. Major contributions of this study can be highlighted as follows:
(1) FP indicators are not market-based and are free from manipulation. (2) In the literature,
comparative analyzes were applied using Fuzzy MCDM and trend analysis methods instead of
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MCDM analyzes based on fuzzy or clear, single or hybrid methods. (3) Financial performance data
of companies that publish sustainability reports were collected. In this way, the literature on the
relationship between sustainability reporting and financial performance has been enriched.

The rest of the paper is organized as follows. In the Section 2 of the study, extensive literature
research was shared. In the Section 3, Fuzzy TOPSIS and Trend Analysis are presented. Section 4
includes the analysis results of the applied methods. Finally, results and comments are given in the
Section 5.

2. Related Literature

In the literature, financial performance analysis has been made with MCDM in many different
sectors and country stock markets. Decision making is an activity based on subjective or objective
judgments. In objective judgments, mathematical models and algorithms are used while decision
makers take into account their own experiences and thoughts in subjective judgments. Similarly,
methods with strong mathematical background are chosen when evaluating alternatives. One of
these methods is Technique For Order Preference By A Similarity To Ideal Solution (TOPSIS). Table 1
shows a summary of the literature review integrated with TOPSIS and other methods.

Table 1
Literature Summary for Financial Performance Analysis with TOPSIS Method
Year References Sector Methods Year References Sector Methods
2012 [8] Manufacturing  FAHP-TOPSIS, 2021 [17] Banking TOPSIS
VIKOR
2014 [9] Shipping FTOPSIS 2021 [18] Manufacturing PROMETHEE-
TOPSIS-WSA
2015 [10] Greenex FDEMATEL- 2021 [19] Banking AHP-FTOPSIS
TOPSIS
2015 [11] Real Estate Entropy- 2021 [20] Banking TOPSIS-
Investment Based TOPSIS FTOPSIS
2016 [12] Petrochemical FAHP- 2022 [21] Banking CRITIC-
FTOPSIS DEMATEL-
TOPSIS
2016 [13] Energy FAHP- 2022 [22] Stock Market Entropy-
FTOPSIS DEMATEL-
TOPSIS
2018 [14] Automotive TOPSIS 2023 [23] Stock Market Entropy-
FTOPSIS
2019 [15] Tourism MAUT- 2023 [24] Energy AHP-TOPSIS
TOPSIS-
PROMETHEE
2020 [16] Food Service TOPSIS 2023 [25] Energy DEA-IRP-
TOPSIS

In addition, studies that include trend analysis for financial performance evaluation have been
carried out for a long time [26,27]. Today, trend analysis is still used as stand-alone and hybrid
[28,29].
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3. Methodology

3.1 Hesitant Fuzzy Sets

There have been many studies on various extensions of the concept since the first introduction
of fuzzy sets by Zadeh in 1965 [30]. One of these extensions is the concept of Hesitant Fuzzy Sets
(HFS) [31] introduced by Torra in 2010. The concept of membership functions, which show the
degree of belonging to the set, is of great importance among all fuzzy extensions. a grades of non-
membership is not defined as in intuitionistic fuzzy numbers or possible values depending on a
probability distribution are not found as in Type-2 fuzzy numbers while defining the degrees of
belonging to a cluster in hesitant fuzzy numbers. But there are a number of degrees of belonging.
HFS is defined as a function that generates a set of membership grades for each element in the
domain.

X is a reference set. HFS defined on X is expressed as a function h and this function converts set
X to subset [0,1]. Each element of HFS is a subset of the h(x) finite and non-empty range [0,1]. The
concepts of empty set and full set of HFS are given by Eq. (1) and Eq. (2) [31].

Empty Set: h(x)={0} ¥x € X (1)

Full Set: h(x)={1} Vx € X (2)

The representation of HFS, A, is given by the following mathematical symbols.

A={x, ha(x) |x€ X}

Mathematically, ha(x) is include x€X represents the possible membership degrees of set A and
h= ha(x) is called hesitant fuzzy element [32]. H(x) is the set of all hesitant fuzzy elements on X.
ha(x), where A € H(x); for x€A lower and upper limits are given with Eq.3 and Eq.4.

hi (x) = minhy(x) (3)

hi (x) = minhy(x) (4)

The identifier of HFS, A,B € H(x), and the union and intersection operators of two HFS are
defined in terms of hesitant fuzzy elements and given with Eq.5-7.

hi(x) = Uyen, {1 — v} (5)
hA(x)UhB(x) = UylEhA(x),yZEhB(X)maX {V1,V2} (6)
hA(x) n hB(x) = UylEhA(x),yZEhB(X)min {V1,Y2} (7)

Hesitant fuzzy elements are indicated by hy(y) ={y1,y2 ...,yl,} for the reference set X. y,(t =
1,2,...1) are the membership degrees of a particular set x€X. | contains hyy, is that the number of
membership degrees.

Sum and scalar multiplication operators of hesitant fuzzy elements defined on HFS, A, B € H(x),
are given with Egq.8 and Eq.9.

hA(x)@hB(x) = Uy1ehA(x),yzehB(x){V1 + v — v1Y2} (8)

Bha) = Uyrenaeoll — (1 = 1)FLB >0 (9)
3.2 Hesitant Fuzzy TOPSIS

The TOPSIS method, first developed by Hwang and Yoon [33], is a simple and useful decision-
making method for tackling MCDM problems with precise data. The basic idea of the TOPSIS
method is that the optimal alternative has the shortest distance from the positive ideal solution
(P1S) and the farthest distance from the negative ideal solution (NIS).

Decision makers, who are undecided in the evaluation of alternatives on the basis of criteria,
may want to rank their alternatives by using all of their decisions. In this case, hesitant fuzzy TOPSIS
may be a suitable method. The hesitant fuzzy TOPSIS algorithm is given below.

Step 1. Identify alternatives, criteria and criterion weights.
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m alternatives as {A1, Az, ..., Am} and n criteria as { C1, Cy, ..., Cn } are determined. The weight
vector for the criteria is demonsrated by Kriterlere w =(w1, wa, ..., wn). wjis the weight of the G
criterion. Additionally, 27 wjand 0<wj<1,j=1,2,..,n.

Step 2. The hesitant fuzzy decision matrix is expressed as:

hiy1 hiz - hay
R=(hgmxn = | M2r ez han (10)
hmi hmz = hpn

Step 3. Create the hesitant fuzzy normalized decision matrix.

Each hesitant fuzzy element in the R matrix is set to /, which is the number of membership
degrees hj contains to normalize the hesitant fuzzy decision matrix given in step 2. The
normalization process is carried out by adding the membership degree with the smallest value in
the unstable fuzzy element to the set [34-36].

Step 4. The hesitant fuzzy positive ideal solution PIS A* and the hesitant fuzzy negative ideal

solution NIS A~ are determined.
A* = (hE hE, o BE) = (( (max, yfmas, - max Y} \ s ) )
veya(H{mmi yilj,mmi yizj,...,mmi yl-lj} \ CjeJi)
Ji denotes the set of benefit criteria and Jj; the set of penalty criteria. The distance between
A; (i= 1,2,...,n) and the hesitant fuzzy PIS A* is calculated with the unstable fuzzy Euclidean
distance d"(4;, A™) given by Eq.12.

1 2
a4 A) = Siawy [P0 — () (12)
The unstable fuzzy negative ideal solution is calculated by PIS A™ in Eq.13.
A = (hi, b3, ..., hy) = (( ({min; ylyming yfy..ming v} \ ¢je ) >

veya(H{maxi yilj,maxi yizj,...,maxi yl-l]-} \Cjen)
The distance between A; (i = 1,2,...,n) and the hesitant fuzzy NIS A~ is calculated by the
unstable fuzzy Euclidean distance d"(4;, A™) given by Eq.14.

- 1 .2
d"(A;, A7) = ;Lle\/; They (V) — (F97) (14)
Step 5. The proximity indexF"(4;) of A; (i = 1,2,...,n) is calculated. The proximity index
F"(A;) is calculated by Eq.15.

(11)

(13)

hegy - _dt@iany o atibah)
FYA) = G ias ™ Toaia® (1)
d,’;ax(Ai,A_) = max;<j<md™(4%,A7) and dfnin(Ai,AJf) = MiNj<jcmd™(A*, A*). The proximity

index provides the closest A; alternative to the hesitant fuzzy PIS A* and the farthest A; alternative
to the hesitant fuzzy NIS A™.

Step 6. Alternatives are listed.

It is clear that F"(4;) < 0 and the alternative with the largest F(4;) is the best alternative. The
alternatives are ranked from the largest to the smallest according to the proximity index.

3.3 Trend Analysis

Trend analysis is a suitable method in terms of showing the changes in the financial condition of
the companies and the results of its activities in longer time periods compared to other methods.
However, there should be significant relationships between the balance sheet and income
statement items to be analyzed and it should cover a period of approximately 5-6 years in order for
this change to be determined correctly. In this method, the selection of the year that will form the
basis of the analysis is as important as the years to be included in the analysis. Therefore, it should
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be noted that the base year is a normal year. Otherwise, the wrong selection of the base year may
lead to incorrect and misinterpretation of the results that will emerge in the following years [37].

Trend analysis allows the analyst to make a dynamic analysis by revealing the increase or
decrease in the financial statements of the companies as of certain periods and their effects on the
financial statements [38]. However, trend analysis also has some limitations and these should be
considered when interpreting the analysis results. For example, if a very bad year is chosen in the
selection of the base year, the improvements in the following years can be evaluated much more
positively, while if a very good year is chosen, the improvements in the following years can be
evaluated more negatively. Increases in items with low materiality level in terms of financial
statements can be considered exaggerated. For this reason, in the evaluation of increases or
decreases, not only the proportional increase but also the amounts of these increases and
decreases should be taken into account. In addition, the analysis may become meaningless if the
significant accounting policies, valuation methods, and the effects of price and exchange rate
movements during the review period are not taken into account [38]. In trend analysis, two
methods are used to compare financial statement items. These are the change from the base year
and the change from the previous year. In this study, the trend of change in the energy sector was
analyzed based on the base year.

4. Application
4.1. Application of Hesitant Fuzzy TOPSIS

In this section, the criteria values determined C;: ROA, C,: ROE, C5: ROS, C,4: BUY, Cs: LEV will be
used to rank the 4 energy alternatives in XUSRD, following the methodology described above. The
steps of applying the method are described below. Explanations of the variables are given in Table

2.

Table 2
Definition of Criteria

Symbol Description/Calculation

ROA Net Profit/Total Assets

ROE Net Profit/Equity

ROS Net Profit/Total Sales

SIZE Natural Logarithm of Total Assets

LEV Financial Leverage = Total Liabilities/Equity

Step 1. The alternative set {44, A, A3, A4} and the criterion set {C;, C,, ..., C5} are determined.
The weight vector of the criteria is taken as an example according to the opinions of the decision
makers.

Step 2. Determine the hesitant fuzzy decision matrix.

Table 3 gives information about the hesitant fuzzy decision matrix. While creating this
information, the information in the sustainability reports of the financial performance criteria was
used. This information is not presented with a single data, but is presented as values that can be
within certain intervals and between two or three limit values, obtained as a result of expert
evaluation and assigned a value in the range of [0,1]. This situation is evaluated as the “degree of
indecision” of the data and can be transformed into Table 1 by the normalization or transformation
process as seen in Table 1. After this point, the hesitant TOPSIS method can be applied step by step
by using the unstable fuzzy decision matrix in Table 3.
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Table 3
Hesitant Fuzzy Decision Matrix
¢ C; C3 Cy Cs
AKENR  {0.418,0.349,0.233} {0.010,0.020,0.900}  {0.417,0.320,0.262}  {0.330,0.330,0.340}  {0.010,0.020,0.900}
AKSEN {0.219,0.279,0.502} {0.239,0.281,0.480}  {0.230,0.254,0.516}  {0.329,0.330,0.341}  {0.379,0.326,0.294}
ENJSA {0.217,0.377,0.406} {0.230,0.370,0.400}  {0.208,0.381,0.411}  {0.328,0.331,0.340}  {0.411,0.297,0.292}
ZOREN  {0.010,0.030,0.080} {0.001,0.003,0.005}  {0.397,0.632,0.765}  {0.330,0.332,0.339}  {0.433,0.355,0.202}

Step 3. Hesitant fuzzy normalized matrix is created.

The number of membership degrees in each hij i=12,..,4 andj = 1,2,...,5 hesitant fuzzy
elements are equalized as /=3 in the hesitant fuzzy decision matrix given in Table 3. The
synchronization is done by adding the smallest membership degree.

Step 4. In Eq.11, PIS A* is that the hesitant fuzzy positive ideal solution as C;, C3,C,, Cs, € J;
and C; € Jjj is calculated.

At = (hf, s, ... h)

= ({0.418,0.377,0.502},{0.239,0.370,0.900},{0.417,0.632,0.765},{0.330,0.332,0.341},{0.010,0.020,0.202})
PIS A™ is that the hesitant fuzzy negative ideal solution is calculated in Eq.12.

A= = (hi,h3,...,hy)

= ({0.010,0.030,0.080}, {0.001,0.003,0.005}, {0.208,0.254,0.262}, {0.328,0.330,0.339}, {0.443,0.355,0.900})

Step 5-6. The proximity index F*(4;),i = 1,2, 3,4 is calculated for each alternative. The best
alternative is determined by arranging the proximity index from largest to smallest. The best
alternative was found to be A;. Table 4 includes euclidean distances and proximity index values for
alternatives.

Table 4

Euclidean Distances and Proximity Index

Alternatives d(A,A+) d(A,A-)  F(Ai)
AKENR 0.037 0.050 -0.540
AKSEN 0.024 0.037 -0.264
ENJSA 0.026 0.035 -0.394
ZOREN 0.062 0.032 -1.931

The AKSEN alternative took the first place according to the results. Figure 1 gives the ranking
results.

Rank

ZOREN
EMISA

AKSEN

AKENR

Fig. 1. Rankings of Energy Companies
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4.2 Application of Trend Analyzes

In the study, energy companies included in the index in XUSRD since the year it was founded
were examined. The data for 2022 are not included in the analysis since they have not been
published yet. Trend analysis method was used to compare the performances of AKENR, AKSEN,
ENJSA and ZOREN companies for the period 2014-2021. Also, Microsoft (MS) Excel computer
program was used in the analysis of the data. In Table 5 gives the financial statement values of the
companies included in the study, which are compared with the financial performance indicators.

Table 5
Financial Performance Values of the Companies Included in the Analysis

Alternatives 2014 2015 2016 2017 2018 2019 2020 2021

AKENR -0.099 -0.066 -0.109 -0.087 -0.273 -0.108 -0.161 -0.193

AKSEN 0.011 -0.056 -0.087 0.069 0.004 0.039 0.049 0.089

ROA ENJSA -0.022 0.024 0.025 0.053 0.033 0.044 0.044 0.073
ZOREN -0.045 -0.048 -0.001 0.005 0.002 -0.007 0.003 -0.005

AKENR -0.632 -0.215 -0.499 -0.280 -3.379 -0.771 8.435 -1.603

ROE AKSEN 0.039 -0.287 -0.938 0.214 0.014 0.086 0.102 0.173
ENJSA -0.068 0.077 0.080 0.168 0.119 0.151 0.152 0.244

ZOREN -0.423 -0.355 -0.009 0.031 0.015 -0.085 0.032 -0.026

AKENR -0.286 -0.195 -0.386 -0.272 -0.702 -0.406 -0.496 -0.646

AKSEN 0.020 -0.098 -0.114 0.099 0.006 0.059 0.065 0.132

ROS ENJSA -0.034 0.037 0.041 0.080 0.041 0.053 0.050 0.075
ZOREN -0.278 -0.465 -0.003 0.013 0.005 -0.017 0.009 -0.014

AKENR 21.900 22.397 22.342 22.481 22.465 22.651 22.631 23.297

AKSEN 21.964 22.125 22.147 22.374 22.586 22.863 22.975 23.751

SIzE ENJSA 23.270 23.364 23.440 23.646 23.841 23.876 23.929 24.168
ZOREN 22.325 22.449 22.646 23.146 23.566 23.650 23.787 24.291

AKENR 5.385 2.260 3.585 2.215 11.386 6.152 -53.363 7.308

AKSEN 2.385 4.144 9.719 2.125 2.541 1.226 1.054 0.951

LV ENJSA 2.159 2.212 2.188 2.161 2.587 2.423 2.450 2.351
ZOREN 8.362 6.463 13.721 5.703 6.245 10.391 8.317 4.731

In the study, the trend analyzes for the performance indicators of the companies for the years 2014-
2021 are given in Figure 2 and the comparative rankings are given in Table 6.
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Fig. 2. Trend Analysis with Financial Performance Values

Although the rankings for ROA, ROS and LEV are the same, ROE and SIZE are different. HFTOPSIS results

are different from all trend analysis rankings.

Table 6
Definition of Criteria

Alternatives ROA ROE ROS SIZE LEV

HFTOPSIS

AKENR 4

3

AKSEN

ENJSA

4
1
2
3

[OVI I N I ST R N
W IN|(FR|[Dd
W IN|(FR|[Dd

3
2
ZOREN 1

1
2
4

5. Conclusions

The financial performance analysis of energy companies in XUSRD was calculated with the
HFTOPSIS method in this study. In the method, starting from the unstable fuzzy decision matrix, the
application steps are completed. In addition, the financial performance criteria were examined one
by one with the trend analysis method and the differences were revealed with the Fuzzy MCDM.

The unstable fuzzy TOPSIS method applied in the study is particularly beneficial due to the use
of the values of the objective financial performance criteria of the alternatives. On the other hand,
in the TOPSIS method where integer values are used, a single value in the range should be taken,
especially when using data related to the criterion working value presented in a certain range. This
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situation brings the uncertainty of the single value calculated in the financial performance values. In
the HFTOPSIS application, the decision matrix is formed by taking into account the different values
that can be obtained for all years. It can enable a more appropriate analysis to be made, especially
for the criteria values that are given as intervals or that change over the years.

Instead of the TOPSIS method applied in the study, distance-based MCDM methods such as
VIKOR, GRA, MOORA can also be used. The reasons for the differences in the rankings for different
applications and which method is more useful can be analyzed by comparing the results obtained
from these methods.
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